10th INTERNATIONAL CONFERENCE
ON MERCURY AS A GLOBAL POLLUTANT

July 24 -29, 2011 · Halifax, Nova Scotia, Canada
WWW.MERC URY 2011.ORG

Abstract Volume

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada

Welcome Message from the Co-Chairs
Welcome to the 10th International Conference on Mercury as a Global Pollutant (ICMGP) in Halifax,
Nova Scotia, Canada. We are delighted that you have chosen to attend this important meeting!
th

The theme of the 10 ICMGP is Air, Land, Sea and Me. The technical program will examine the linkages
between mercury sources to the environment; atmospheric, terrestrial and aquatic transport and fate
processes; and the health effects associated with human and wildlife exposure to mercury. This will be
accomplished with five plenary talks and a dynamic scientific program consisting of 15 general topical
sessions and 21 special topical sessions.
Delegates from more than 40 countries are attending this gathering at a critical time for global mercury
research. It is the midway point in the UNEP negotiations on a legally binding instrument for the
reduction of global mercury emissions. Current issues such as climate change and new regulatory
frameworks for emissions controls are key emerging issues and will be important topics for presentation
and discussion at the 10th ICMGP. Research presented here in Halifax will certainly set the direction for
important future research and policy decisions.
For the first time, we will be presenting the Kathryn R. Mahaffey Lifetime Achievement Award in Mercury
Research. We are thrilled that the initiation of this prestigious award has been so well-received by the global
mercury research community. We are honoured to recognize this year’s eight nominees, and to present the
award to Dr. Bill Fitzgerald from the University of Connecticut.
In addition to an outstanding scientific program, the conference offers an exciting social program
including an inspirational and entertaining opening ceremony, a traditional maritime kitchen party at the
historic Pier 21, days trips around the province on Wednesday afternoon, and a gala night overlooking
the city at the Halifax Citadel National Historic Site. We hope you can all take advantage of the wonderful
maritime hospitality during the meeting, and experience some of the spectacular activities and
destinations throughout the province of Nova Scotia.
We wish you all a wonderful and productive week, and sincerely hope that your time in Halifax is
interesting and enjoyable.
Brian Branfireun
Michael Parsons
Alexandra Steffen
Vince St. Louis
Elsie Sunderland
Co-Chairs, 10th International Conference on Mercury as a Global Pollutant
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Instructions for Searching the Abstract Volume
This document is intended to be searched either alphabetically by the first author’s last name using either
the default alphabetical listing that appears in the document sidebar, or the the search function of your
Portable Document Format (PDF) viewer application (e.g. Adobe Acrobat Viewer/Professional, Apple
Preview).
To find an abstract either by keyword or (co)author name, simply execute a search (e.g. using the FIND
command under the EDIT menu in Adobe Acrobat), for the name or keyword of interest in the search
field. All of the pages of occurrence of the name/keyword will be appear in the document sidebar. Boolean
searches may also be used. For example to find a page in which author SMITH occurs with FISH, type
SMITH+FISH, and all pages with the co- occurrence of these two words SMITH+will be displayed.
Adobe Acrobat Reader may be downloaded for free from Adobe (http://get.adobe.com/reader/).
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MS11-O5
MERCURY BIOACCUMULATION AND EFFECTS ON AVIAN
REPRODUCTION
1

ACKERMAN, Josh , EAGLES-SMITH, Collin A
(1) US Geological Survey, jackerman@usgs.gov

1

Methylmercury is a potent neurotoxin, and can have effects on
birds throughout the breeding cycle. We examined both mercury
bioaccumulation and bird reproduction in wetlands surrounding
the San Francisco Bay Estuary and found impaired reproduction
in several species and lifestages. Upon arrival within the Estuary,
birds rapidly accumulated mercury prior to and during the
breeding season. Forster’s Terns mercury concentrations increased
by 3-fold within the 2 months prior to breeding, resulting in 48%
of the population being considered at risk (>3 μg/g wet weight
in blood). We found sublethal effects of mercury on adult birds,
including demethylation of mercury in bird livers above 8.5 μg/g
dry weight. Methylmercury concentrations in parents were strongly
correlated with concentrations in eggs, indicating maternal transfer
of mercury was proportional to adult concentrations. In Forster’s
Terns, we found that: 1) failed-to-hatch eggs and abandoned eggs
had higher mercury concentrations than randomly sampled eggs,
2) the likelihood of an embryo being malpositioned increased
with egg mercury concentrations, 3) the probability of an egg
successfully hatching decreased with egg mercury concentrations,
and 4) the probability of nest survival decreased with egg mercury
concentrations. For those eggs that hatched, resulting chicks were
still vulnerable to the effects of residual in ovo mercury exposure,
especially shortly after hatching when maternally deposited mercury
levels were still relatively high. Thereafter, mercury concentrations
in chicks rapidly declined as chicks aged and diluted their body
burden of mercury through growth and depuration into growing
feathers. In Black-necked Stilts, we found that dead chicks had
higher mercury concentrations than live, randomly sampled
chicks of similar young age (<7 days old). Altogether, these results
suggest that mercury contamination is currently impairing bird
reproduction with San Francisco Bay.

RG9-P17
THE TERRA MERCUR NETWORK: UNDERSTANDING
MERCURY IN TERRESTRIAL ECOSYSTEMS
1

1

1

ADAMS, Evan , EVERS, David C , BUCK, David G , WILLIAMS,
1
1
1
1
Kathryn , OSBORNE, Carrie , DIVOLL, Tim , YATES, Dave ,
2
3
3
KUNZ, Tom H , MARTINEZ, Wilber , TZUL, David , CAL,
4
5
6
Reynold , GARCIA, William , ELIZONDO, Pablo
(1) BioDiversity Research Institute, evan.adams@briloon.org (2)
Boston University; (3) Birds Without Borders; (4) Birds Without
Borders; (5) Belize Foundation for Research and Environmental
Education; (6) Partners in Flight - Costa Rica
The TERRA (Terrestrial Ecosystem ReseaRch and Assessment)
Mercury Network focuses on using songbirds and bats to
determine the potential negative impact of pollutants on terrestrial
ecosystems. Mercury (Hg), a toxin long thought to affect only
aquatic systems, also has the ability to move into terrestrial systems
and bioaccumulate in upper trophic level terrestrial organisms.
TERRA examines mercury exposure in multiple aspects of
ecosystems, including soil, atmospheric deposition, litterfall, several
invertebrate compartments, songbirds, and bats. This breadth of
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information allows us to examine how inorganic mercury moves
into ecosystems, becomes bioavailable to organisms, accumulates in
invertebrates, and then biomagnifies up the food chain.
Goals for TERRA are to 1) Understand and describe a previously
undocumented terrestrial pathway linking atmospheric deposition
of mercury with the bioaccumulation of converted methylmercury
into the blood of insect-eating birds and bats; 2) Evaluate the
exposure of biota in locations and ecosystems thought to be most
sensitive to long-distance mercury transport; and 3) Evaluate the
exposure of upper trophic level biota that are thought to be most
vulnerable to mercury contamination.
The TERRA network currently includes 221 locations across the
globe, with a focus on expanding in the Neotropics. Preliminary
results from TERRA sites in Belize and Costa Rica indicate that
(1) some bird species, including neotropical migrants such as the
Hooded Warbler and Northern Waterthrush, have body burdens of
mercury that exceed adverse effect levels to reproductive success,
(2) some bat species exceed adverse effect levels to biochemical
processes in the brain and (3) high methylmercury availability is
linked to lowland tropical habitats that experience a regular wetting
and drying process.

MG2-O15
APPLICATION OF STABLE MERCURY ISOTOPIC ANALYSIS
TO TRACE POLLUTION FROM ARTISANAL SMALL SCALE
GOLD MINING IN AN AQUATIC ECOSYSTEM OF AMAPÁ,
BRAZIL
1

1

ADLER MISERENDINO, Rebecca , SILBERGELD, Ellen K. ,
2
3
GUIMARÃES, Jean R.D. , GHOSH, Sanghamitra , BERGQUIST,
3
Bridget A.
(1) Johns Hopkins Bloomberg School of Public Health, Department of
Environmental Health Sciences, radler@jhsph.edu (2) Universidade
Federal do Rio de Janeiro, Biophysics Institute; (3) University of
Toronto, Department of Geology
Artisanal small-scale gold mining (ASGM) is a central economic
activity throughout the developing world involving over 13 million
people; however, it leads to extensive pollution of the environment
through the use of Hg to extract gold. This is a major health concern
especially in regions in which polluted aquatic systems serve as a
source of fish, an important dietary component. Studies conducted
in the Amazon show elevated levels of Hg in fish and sediment
downstream of ASGM sites; however, there is no definitive scientific
evidence verifying Hg in specific aquatic ecosystems is from Hg
use in ASGM rather than from other Hg sources including erosion.
To test whether stable Hg isotopic analysis can trace sources of
Hg through aquatic ecosystems, this research focused on Hg
pollution of waterways in the context of ASGM in Amapá, Brazil.
We measured the Hg isotopic composition of Hg in sediment cores
from two lakes, one of which has elevated Hg and was thought to
be impacted by the use of elemental Hg in ASGM. We also analyzed
Hg in grab samples at the AGSM site, upstream and downstream
the AGSM site along the river connecting the polluted lake to
the ASGM site, and in forest soils. Hg from all these samples was
purified via combustion and trapped in permanganate solution.
Both mass-independent and mass-dependent Hg isotopic signatures
were analyzed using cold vapor multi-collector inductively
coupled plasma mass spectrometry (CV-MC-ICP-MS). Isotopic
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analysis demonstrates that ASGM is associated with elevated
Hg concentrations near the ASGM site. However the unique
isotopic signature detected in samples immediately downstream
of the ASGM site was not observed farther downstream or in the
lake sediment, which have two to three times more Hg than the
non-polluted lake. This suggests that this elevated Hg is not from
elemental Hg used during the amalgamation process. Instead
the isotope data suggests that the Hg in the polluted lake is from
erosion and runoff, likely due to land-use change associated with
ASGM, agriculture, and cattle production. This study indicates that,
through the analysis of stable Hg isotopes, it is possible to trace Hg
from ASGM and to assess the extent to which it is impacting local
ecosystems and food webs. Hg biomarkers in hair from individuals
living around both lakes will also be discussed. This information
may be useful to guide future public health interventions to reduce
Hg exposure in these highly vulnerable populations.

DISSOLVED ORGANIC MATTER AND MERCURY IN
AQUATIC SYSTEMS
1

1

1

A number of biogeochemical processes that influence the fate,
bioavailability and transport of mercury (Hg) in aquatic systems are
mediated by the interactions of Hg with dissolved organic matter
(DOM). Laboratory experiments using a variety of organic matter
isolates from surface waters in the Florida Everglades indicate
that DOM binds Hg very strongly and is the dominant ligand for
Hg in the absence of sulfide. These experiments have also shown
that the presence of DOM influences the geochemical behavior
of cinnabar (HgS) through the stabilization of nanocolloidal HgS,
resulting in relatively high Hg concentrations under supersaturated
conditions with respect to HgS, a common condition in waters
containing measurable sulfide concentrations. In field studies of
rivers and streams across a range of watershed types, we have almost
universally observed strong linear correlations between DOM
and total dissolved Hg concentrations. Further, we have observed
that the relationships between dissolved total Hg concentration
and hydrophobic organic acid (HPOA) content (aquatic humic
substances) were stronger than those observed between Hg and
DOM, suggesting that the HPOA fraction drives the transport
of dissolved Hg in aquatic systems. The relationships between
methylmercury (MeHg) and DOM and HPOA content were often
significant, but not as strong as those observed with Hg. In our field
studies, we have also noted that UV absorbance measured at 254
nm correlated strongly with DOM, HPOA content, MeHg, and Hg
concentrations. UV absorbance is a proxy both for the quantity of
DOM, but also its quality, correlating with aromatic content. These
observations suggest that inherent optical properties of DOM, such
as UV absorbance, may be useful as proxies for DOM and HPOA
concentrations within a given system. By extension, because of the
strong relationships between Hg and DOM, these properties can
also be used to derive relationships between DOM optical properties
and Hg concentrations. These results support the hypothesis that
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MS11-P1
EXTRACORPOREAL EXCRETION OF MERCURY FROM
MICE AND GOLDFISH BY MOLYBDENUM COMPLEX
1

2

2

AIKOH, Hiromi , FUKUYAMA, Yuki , MIYAI, Yuuki ,
2
SHIBAHARA, Takashi
(1)Department of Zoology, Okayama University of Science, aikoh@
zool.ous.ac.jp (2) Department of Chemistry, Okayama University of
Science, Ridai-cho, Okayama 700-0005, Japan

RS9-O1

AIKEN, George , BERGAMASCHI, Brian , SHANLEY, James B.
(1)US Geological Survey, graiken@usgs.gov

DOM in general and HPOA in particular exerts a strong control
on the concentration, transport, and reactions of dissolved Hg in
aquatic systems. Further, the results suggest that using the optical
properties of organic matter as proxies for mercury species may
facilitate our understanding of mercury dynamics in complex
environments. Optical measurements are relatively inexpensive to
obtain, can be designed into in situ monitoring devices and, when
combined with discharge data, can be used to tighten estimates of
both DOM and Hg flux in streams and rivers.

We reported that incomplete cubane-type sulfur-bridged
nitrilotriacetato molybdenum(IV) complex [Mo3S4(Hnta)3]2-,
referred to as NTA complex, reacted quickly with mercury to give
intensively colored product, which was used for spectrophotometric
1
determination of mercury ). Also, we reported that NTA complex
helped to excrete mercury abundantly in urine of mice which had
2
been exposed to metallic mercury vapor. )
We have examined whether NTA complex is effective for the
excretion of mercuric ion, Hg(II). Mercuric ion was injected
intraperitonealy to mice, the effect of NTA complex is not so
effective. Then we used sulfur-bridged cysteinato molybdenum(V)
2complex [Mo2O2S2(cys)2] , referred to as CYS complex. After
intraperitoneal injection of mercuric ion to mice, the amounts of the
urinary mercury excretion were measured. The cumulative amounts
of mercury for 5 days were compared: the group of mice that
received the CYS complex solution excreted about 3.5 times more
than the group that received water only. These results suggest that
mercury in vivo was transferred by CYS complex to the kidney and
accumulated there, and discharged in the urine.
Mercury in tuna fish is one of the big health problems, and we have
also examined whether CYS complex is effective for the excretion of
mercuric ion from fishes. We used goldfish as experimental material.
Mercuric ion was injected intraperitonealy, and then CYS complex
solution was injected alike. The amount of mercury remaining in
the goldfish injected with CYS complex is clearly lower than that in
the goldfish without CYS complex injection. This result suggests that
CYS complex highly promotes extracorporeal excretion of mercury
of goldfish.
1)

2)

H. Aikoh, M. Yamate, M. Takahashi, T. Shibahara, Physiol.
Chem. Phys. & Med. NMR, 29, 109-122(1997).
H. Aikoh, C. Tagawa, T. Shibahara, J. Occup. Health, 44, 334336(2002).
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TS12-P1
HG TRANSFORMATION AND SULFUR TURNOVER IN BOREAL
MIRES AS A RESULT FROM A BALANCE BETWEEN SULFUR
DEPOSITION AND CLIMATE EFFECTS
1

1

2

ÅKERBLOM, Staffan , NILSSON, Mats , BJÖRN, Erik ,
2
1
1
LAMBERTSSON, Lars , ERIKSSON, Tobias , BISHOP, Kevin
(1) Swedish University of Agricultural Sciences, staffan.akerblom@slu.
se (2) Umeå University
Transformation of inorganic mercury (Hg) to methyl-Hg (MeHg)
steers the export of MeHg from catchments to freshwater
ecosystems and eventually contributes to Hg concentrations in
freshwater fish and wildlife that exceed environmental and health
advisory limits. Hg methylation and sulfur turnover have been
studied on an experimental site at Degerö stormyr in northern
Sweden (64°11’N, 19°33’E; 270 masl). The experimental setup
involved a full factorial design at two levels with greenhouse cover
-1 -1
(present or absent), nitrogen deposition (3 or 30 kg N ha a ), and
-1
sulfate deposition (2 or 20 kg S ha-1 a ) as experimental factors. The
experimental sulfur addition increased the Hg methylation potential
in the peat, but also significantly reduced Hg concentrations in the
solid soil. The effect from the sulfur treatment was counteracted
by the greenhouse treatment. In plots with combined sulfur and
greenhouse treatment Hg methylation was lower than on the sulfur
only treatments. Mass balance calculations of S show that about 50%
of the experimentally added S to the mire was retained in the peat.
Raised temperature, however, significantly reduced the effects of the
S-addition on methylation even more so on S-concentrations as only
15% of the added S was found in soil treated with a combination
of enhanced S-addition and raised temperature. The loss of S was
attributed to gaseous evasion of S-species. As a consequence to the
evasion of S from sites with increased temperature, Hg methylation
and MeHg content decreased relative to sites with S-addition
at ambient temperature. Therefore S concentration was more
important than the effects of raised temperature on Hg methylation
and the build up of the MeHg content. These effects were found after
more than 14 years of experimental treatment. Our results show
that chronic deposition of S influences the capacity of peatlands to
retain and methylate Hg and as well as the build up of MeHg stores
available for release to streams and freshwater ecosystems.

RG15-O7
TEMPORAL TRENDS AND DEVIATIONS FROM
BACKGROUND MERCURY CONCENTRATIONS IN
SWEDISH FRESHWATER FISH
1

1

1

1

ÅKERBLOM, Staffan , NILSSON, Mats , HUSER, Brian , YU, Jun ,
1
1
RANNEBY, Bo , JOHANSSON, Kjell
(1) Swedish University of Agricultural Sciences, staffan.akerblom@slu.
se
Environmental and health advisory limits of Hg concentrations
-1
([Hg]) in freshwater fish (0.2-0.5 mg kg ) are exceeded in thousands
or even tens of thousands lakes. Temporal trends and deviations
from background in fish [Hg]were examined using data from Swedish environmental monitoring programs. Temporal trends were
detected using lake-specific, multiple linear regression models to
estimate fish [Hg]. Significant temporal trends were detected in a
minority of the analysed lakes with an average increase in fish [Hg]
of 4% per year. The relative increase in fish [Hg] was positively
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correlated with dissolved total organic carbon. The performance
of statistical models in detecting temporal trends depended on the
number of fish sampled from each lake thus indicaing the importance of sampling efforts over time for the ability to reveal temporal
trends. Deviations in contemporary fish [Hg] from pre-industrial
fish [Hg] were determined using sediment cores. A sub-selection of
the lake sediment cores was dated using lead-210. Hg concentrations
-1
were higher (0.09-0.72 mg kg ) in surficial sediments, representing
an average contemporary Hg deposition rate, compared to that in
deeper layers, (0.03-0.29 to mg kg–1 ) representing pre-industrial
(≈1850 A.D.) Hg deposition. Fish [Hg] appears to have increased
in lakes in southern Sweden while lakes in northern Sweden had a
lower degree of increment above the modelled background level.
The patterns revealed in this study contribute to the understanding
of human-induced changes in water quality and ecosystems affect
Hg exposure and accumulation within freshwater ecosystems and if
measures to decrease Hg exposure have been successful.

MG14-P10
AGREEMENT BETWEEN URINARY MERCURY
CONCENTRATIONS IN 24H URINE AND OVERNIGHT
SPOT URINE SAMPLES, USING ADJUSTMENT FOR
CREATININE OR SPECIFIC GRAVITY
1

2

1

AKERSTROM, Magnus , LUNDH, Thomas , BARREGARD, Lars ,
1
SALLSTEN, Gerd
(1) Occupational and Environmental Medicine, Sahlgrenska
University Hospital and University of Gothenburg, magnus.
akerstrom@amm.gu.se (2) Occupational and Environmental
Medicine, Lund University Hospital and Lund University
Urinary mercury (U-Hg) excretion is widely used to assess
exposure, body burden or risk of adverse health effects. U-Hg
sampling could be done either by 24h urine collection or by spot
urine sampling and adjustment for dilution is usually performed
using creatinine concentration (U-Crea) or specific gravity (SG).
The aim of this study was to examine the agreement between
24h urine and overnight spot urine sampling for unadjusted and
adjusted mercury concentrations.
Methods
Separate 24h urine (U24) samples and timed overnight spot urine
(UON) samples were collected and the volumes were measured in
152 healthy kidney donors before transplantation. U-Hg, U-Crea
and SG in the urine samples were analyzed. SG standard 1.015 was
used in the SG adjustment calculations. Differences between U24 and
UON samples were tested using paired t-test and the effect of UF was
assessed by linear regression.
Results
U-Hg was significantly higher in UON compared to U24 for both
unadjusted U-Hg and U-Hg adjusted for U-Crea (U-HgCrea) or SG
(U-HgSG). The difference was seen both in the total material and for
men and women separately, except for U-HgCrea in men. U-HgCrea
and U-HgSG was not affected by the UF. High correlations were seen
between U24 and UON for U-Hg, U-HgCrea and U-HgSG (rp=0.680.88; p<0.001). However for both unadjusted U-Hg and U-HgSG,
overnight samples tend to overestimate the mercury excretion,
especially at high U-Hg.
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Conclusions
The mercury excretion is higher in UON than U24 samples. Using
unadjusted mercury concentrations or mercury concentrations
adjusted for specific gravity tend to overestimate the mercury
excretion. Creatinine adjustment seems to be the best method.

323RG11-P19
EVALUATION OF ACCUMULATION IN FISH OF MERCURY
FROM SEAWATER BY THE FISH PRESERVE EXPERIMENT
IN MINAMATA BAY
1

2

2

AKITO, Matsuyama , JIRO, Koyama , SAICHIRO, Yokoyama
(1) National Institute for Minamata Disease, matsuyam@nimd.go.jp
(2) Kagoshima University Faculty of Fisheries
In Minamata Bay, the dredging project involving sediment with
a mercury concentration of more than 25 ppm was implemented
from 1977 until 1990. Currently, although the characteristics are
different for each fish species, in Roch fish, the average mercury
concentration and methylmercury concentration in fish muscle for
3 years in Minamata Bay were 0.36 ppm and 0.28 ppm, respectively.
Since the average value of total mercury in muscle of the same fish
in Japan is 0.12 ppm, it is just 3 times higher. Although seawater
quality in Minamta Bay is on the way to recovery, it is comparatively
high level yet because the average values of dissolved total mercury
concentration and dissolved methylmercury concentration are
0.42±0.06 ng/l and 0.09±0.02 ng/l respectively. The FDA (2001,
2004) and Health Canada (2008) suggested that a part of mercury
accumulated in fish is derived from seawater. Therefore, to evaluate
absorption and accumulation of mercury in fish, the fish preserve
experiment using young fish (sea bream) and a fish bait that do not
include mercury because was made using only several chemical
reagents was implemented for 2 years continuously in Minamata
Bay. This bait does not contain mercury because it is made using
only some chemical reagents such as casein and α-starch. Also, the
amount of bait per day kept at 1.5% of body weight. As a result, total
mercury concentration in fish decreased chronologically. On the
other hand, the fish body weight increased chronologically. Thus,
in 2010, although the total mercury concentration of young fish at
the starting point (March, 2010) was 0.06 ppm±0.006 (average body
weight 115 g, n=5), the total mercury concentration at the ending
point (December, 2010) was 0.01 ppm±0.002 (average body weight
480 g, n=5). However, there is no variation, since the total mercury
contents in fish muscle of the starting point and the ending point
were 7.3 μg±1,5 (n=5) and 6.8 μg±0.8 (n=5) respectively, Therefore,
the total mercury concentration in fish seems to be diluted with
the body growth of fish. Based on these facts, absorption and
accumulation of mercury in seawater via fish gills etc currently
do not seem important for mercury accumulation in the fish of
Minamata Bay.

RG9-P1
MERCURY CONCENTRATIONS IN LOGGERHEAD SHRIKE
(LANIUS LUDOVICIANUS) FEATHERS FROM DIFFERING
ECOREGIONS OF SOUTH CAROLINA
1

1

ALDERSHOFF, Jennifer , MURPHY, Jule W. , DEMENT, Samuel
2
1
H. , GUENTZEL, Jane L.
(1) Coastal Carolina University, jlalders@coastal.edu (2) Visiting
Scientist Coastal Carolina University
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The increased anthropogenic usage and mobilization of mercury
in the environment poses a toxicological risk to fish and wildlife.
Many studies concerning the fate and transport of mercury in the
environment have focused on aquatic species and seabirds, but
there is growing interest in mercury cycling and bioaccumulation in
terrestrial ecosystems. Loggerhead Shrikes are predatory songbirds
that breed in grasslands and shrub-steppe areas. These birds feed
on grasshoppers, small lizards, snakes, rodents, and other small
birds. Loggerhead shrike populations have experienced significant
declines throughout their North American breeding range and
are listed as a U.S. Fish and Wildlife Service migratory bird of
conservation concern in the northeast. A previous study by deMent
et al., 2008 reports that Loggerhead Shrikes in South Carolina
are non-migratory residents. Outer rectrices were collected from
29 Loggerhead Shrikes throughout 5 counties in South Carolina
from 2005-2010 (U.S. Dept of Interior banding permit # 22771).
The counties are located in the Piedmont Ecoregion (Abbeville),
Southeastern Plain Ecoregion (Calhoun, Clarendon, Lexington)
and Middle Atlantic Coastal Plain Ecoregion (Williamsburg). A
recent aquatic ecosystem study by Glover et al., 2010 reported that
the highest freshwater fish tissue Hg concentrations have been
found in the Southeastern Plain and the Middle Atlantic Coastal
Plain Ecoregions, with lower fish Hg concentrations found in the
Piedmont Ecoregion. The objective of this study is to determine
levels of total Hg in outer rectrices from these birds and to examine
how the mercury levels in these non-migratory terrestrial birds may
vary with ecoregion.

RG1-P16
IMPLICATING REGULATORY (R-FACTOR) OF E. COLI FOR
ASSESSMENT OF MERCURY IONS IN WATER SAMPLES
1

2

2

ALI, Arif , PRATIMA, Ms. , ASAD, Shahzada
(1) Department of Biotechnology, Jamia Millia Islamia University, ali.
arifali@gmail.com (2) Jamia Millia Islamia University
Adequate supply of fresh and clean drinking water is a basic need
for every form of life on the earth. But due to urbanization, the
most horrible crises of water pollution with heavy metals has arisen
because of various anthropogenic activities Although some metals
are essential trace elements, most can be, at high concentration are
toxic to all forms of life including microbes.
Microorganisms particularly bacteria found in polluted water bodies
and landfills have evolved the resistance mechanism against heavy
metal toxicity by efflux, complexation or reduction of metal ions.
The present study has been carried out to exploit this resistance
mechanism for rapid detection of mercuric ions. To study the
detoxification mechanism and to construct bacterial sensor for
detection of mercury ions, 84 isolates of E. coli were collected
from different aquatic environments of six geographically distinct
regions of India, out of which 79% showed significantly high level
of tolerance to inorganic mercury i.e., mercuric chloride (HgCl2).
Growth curve studies in presence of mercury clearly indicated
the presence of inducible mer operon in selected E. coli strains.
Further, amplification of regulatory and transferase genes (merRop-T) was accomplished and their sequence analysis revealed the
divergence in these genes in different isolates. Development of
bacterial sensor for detection of bioavailable mercury contamination
in water bodies is achieved by insertion of these (merR-op-T)
genes in front of promoterless lux structural genes (luxCDABE)
from photobacterium (Vibrio fischeri) responsible for production
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of bioluminescence in order to transcribe lux genes using mer
operator and promoter. Water samples were collected from different
geographical locations of India and their mercury assessment
was done. On assessment, Yamuna river sample showed 3.8 ppb
of mercuric ions, in Hindon river sample, the concentration was
found to be 1.2 ppb, Hooghly river sample had 0.52 ppb, where
Yamuna river water system shows median and average values of
total mercury concentration several times higher than the 1ppb
recommended by WHO. Thus, the bacterial sensor developed here
shows its potential in evaluating inorganic mercury concentration in
various water bodies at much reduced cost and in lesser time.

TS16-P13
GEOCHEMICAL BARRIER OF THE BRATSK WATERRESERVOIR (RUSSIA) AND ITS ROLE IN THE MIGRATION
OF ANTHROPOGENIC MERCURY
1

1

2

ALIEVA, Vera I. , PASTUKHOV, Mikhail V. , EPOV, Vladimir N. ,
3
PERROT, Vincent
(1) Institute of Geochemistry SB RAS, Irkutsk, Russia, alieva@igc.irk.
ru (2) LCABIE, IPREM, CNRS-UMR-5254, Pau, France; (3) LCABIE,
IPREM, UPPA-UMR-5254, Pau, France
Mercury contamination of the Bratsk Water-Reservoir (BWR),
artificially created on the Angara River, the only outflow from Lake
Baikal, is one of the ecological problems of the region. Mercury
was used by the factory “Usoliechimprom” for the production
of chlorine and caustic soda. Total amount of mercury had been
discharged to the BWR during the functioning of the factory was
about 80 tons.
By comparing mercury distribution in water, water suspension, pore
water, bottom sediments, higher water plants, plankton and fish of
the BWR basin, we distinguished sites, where mercury migration
rate and mercury accumulation rate changes abruptly. These
sites play the role of geochemical barriers, at which mercury was
accumulated and stored.
The most important area is a barrier near the Konniy (Horse) Island,
located 55 km downstream the factory “Usoliechimprom”; it takes a
substantial part of anthropogenic load upon itself. We distinguished
this area as a barrier, based on a set of factors, both direct
(geochemical study of biotic and abiotic elements components in
BWR), as well as indirect (the faster rate of sedimentation, landscape
and geochemical relief, geological and hydrological conditions,
etc.). Major portion of mercury is adsorbed by water suspension
and precipitated to the sediments of the geochemical barrier. As
a result, this area of the BWR demonstrates the highest mercury
concentration in core sediments (up to 9 mg/kg) and in plankton
(up to 0.722 mg/kg). Mercury in food-species of fish was also found
to be high (up to 7.3 mg/kg), that threaten human health.
The study demonstrates that the geochemical barrier in the area
of Konniy Island has physico-chemical, mechanical and biological
importance. We also found out that borders of the barrier are not
permanent; they vary with the variation of the reservoir water level.
This geochemical barrier has double influence on the mercury
migration in BWR. From one side, it prevents mercury
diffusion into water of the reservoir. From other side, mercury
transformation, which occurs in anaerobic conditions of the barrier,
leads to the secondary contamination of water and biological
species.
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TS8-P1
SPATIAL AND TEMPORAL SURVEYS OF HG AND
DOM RELATIONSHIPS IN PRECAMBRIAN SHIELD
WATERSHEDS DRAINING TO LAKE SUPERIOR
1

2

3

ALLAN, Craig , HEYES, Andrew , MAKERETH, Robert J.
(1) University of North Carolina at Charlotte, cjallan@uncc.edu (2)
Chesapeake Biological Laboratory; (3) Ontario Ministry of Natural
Resources
A spatial survey of watershed water quality in eighty-one
catchments varying from 26 ha to higher order rivers draining
several hundred km of boreal forest on the north shore of Lake
Superior was conducted from August 2008 to September 2010. The
watersheds examined in this study exhibited variable amounts and
variable temporal histories of logging disturbance as well as sites
that drained urbanized regions in and around the city of Thunder
Bay, Ontario. In addition to the extensive spatial survey of surface
waters from this region, a subset of these same watersheds along
with throughfall (deciduous and conifer source), soil water and
shallow and deep groundwaters were also collected and analyzed
monthly. Samples were analyzed for methyl Hg (MeHg) and total Hg
(THg), DOC, nutrients and major ions. A spectral characterization
of DOM involving excitation emission matrix fluorescence
spectroscopy combined with PARAFAC analysis was carried out on
subsamples from these same sites. Several significant differences in
DOM quality were measured between sampling locations. However,
no relationship between Hg or MeHg concentrations and catchment
disturbance or other catchment characteristics (eg. wetland area) is
evident from our data set. The only significant relationship found
between DOM and Hg occurred between DOC and THg and
more significantly Abs 254nm and THg. However, both of these
relationships were weak and the form of the relationship differed
significantly from other studies (eg. Dittman et al. 2009.) Our data
suggests: 1) This area of the Canadian Precambrian Shield is less
sensitive to mercury mobilization from forest management activities
than boreal areas in Finland and Sweden; 2) The narrow range of
Hg concentrations observed in streams in rivers from this region
corroborate the results from intensively studied logging experiments
where enhanced Hg transport was driven by increased water
fluxes rather than concentration increases; and 3) Hg appears to be
supply limited in relationship to carbon availability and carbon/Hg
relations are less defined in comparison to other regions.

WS8-O2
FOREST HARVEST EFFECTS AND DROUGHT ON HG
TRANSPORT IN A HILLSLOPE-WETLAND COMPLEX ON
THE PRECAMBRIAN SHIELD
1

2

3

ALLAN, Craig , HEYES, Andrew , MAKERETH, Robert J.
(1) University of North Carolina at Charlotte, cjallan@uncc.edu (2)
Chesapeke Biological Laboratory; (3) Ontario Ministry of Natural
Resources, CNFER
Groundwater and surface water fluxes of Methyl Hg (MeHg) and
Total Hg (THg) were measured for five years in a 26 ha zero order
Precambrian Shield hillslope-wetland complex on the Precambrian
Shield in northwestern Ontario, Canada. Unlike results from earlier
forest harvest studies from Finland and Sweden we measured no
detectible change in MeHg or Total Hg concentrations in surface
waters draining the logged catchment. Hg fluxes from the logged
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watershed approximately doubled and this is attributed to the
increased water flux resulting from decreased evapotranspiration
and interception. Post logging internal catchment fluxes of Hg
changed dramatically with the hillslope THg flux increasing four
times over pretreatment conditions. A significant drought episode
two years after logging resulted in a threefold increase in THg
upon rewetting of catchment soils but a sevenfold increase was
observed in the reference catchment. Our results demonstrate the
importance of both natural processes (drought) and anthropogenic
land use change (logging) in modifying the terrestrial processing
and transport of Hg in the Precambrian Shield environment. The
enhanced flux of THg from the reference catchment in relation to
the logged catchment suggests that higher soil moisture and water
tables in the logged catchment may have reduced soil mineralization
rates and subsequent THg release upon catchment rewetting.
Our results also contribute to the growing body of measurements
illustrating the variability in the Hg response to forest management
activities in the boreal forest region.

MG7-P23
MONOMETHYLMERCURY PRODUCTION IN WATER
COLUMN IN TROPICAL RESERVOIR – PRELIMINARY
RESULTS
1

2

1

ALMEIDA, R , DE CARVALHO, D P , MIRANDA, M R , BASTOS
2
1
, W R , MALM, O
(1) Universidade Federal do rio de Janeiro, torquato@biof.ufrj.br (2)
Universidade Federal de Rondonia
The creation of reservoirs in the Amazon contributes to the
mobilization of mercury from the soil followed by its release into
the water column with subsequent conversion of inorganic mercury
to its organic form methylmercury. In this study we evaluated the
distribution of methylmercury in the water column for the tropical
reservoir in the Jamari river in the western Amazon. Samuel
Reservoir flooding began in 1989. The reservoir is in the Jamari
river localized to 52km from the city of Porto Velho. Samples were
collected in five stations from the reservoir during dry season in
July 2010. The M01 station is located 1000 meters upstream the
dam. The M04 station is located in the center of the reservoir. The
M05 station and São Marcos are located in the tributaries of the
Jamari river. The M08 station is a section located 80km upstream
the dam being the passage for the main channel of the lake. Water
column samples (n=23) were collected using a Van Dorn and acidcleaned polypropylene tubing. Vinyl gloves were used for handling
operations. Samples were collected in acid-clean borosilicate bottles.
Aliquots of unfiltered water samples for MMHg determinations
were acidified to 0.5% (v/v) with HCl. The aqueous solutions
were analyzed for MMHg by gas chromatography after ethylation,
separation and detection by atomic fluorescence spectrometric
CG-AFS (MERX™ – Brooks Rand). Limnological parameters such
temperature, pH, dissolved oxygen, conductivity, deepth and redox
were recorded in situ with a Horiba U20 multiparameter probe.
The water column shows anoxic layer starting at 10 meters of the
depth. MeHgT concentration in the water column showed average
-1
values of 0.066 ng.l . The lowest concentration of MeHgT was found
in surface of the water. The M05 station showed metylmercury
-1
concentation in the anoxic layer 18 times higher (0.312 ng.l ) than
concentrations found in the superficial layer. Our preliminary
results suggest that methylmercury may be produced in anoxic layer
of the Samuel dam.
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RS13-O8
SUMMARY OF ASSESSMENT OF GESAMP WORKING
GROUP 37
1

1

2

ALO, Babajide , KEENAN, Helen. E , GESAMP WG 37
(1) balo@unilag.edu.ng (2) GESAM

This presentation is based on the summary of the GESAMP report
to UNEP on mercury in the aquatic environment. The summary is
divided into three main sections: Sources and releases, aquatic and
oceanic transport and assessment of monitoring and evaluation.
Sources can be natural or anthropogenic in origin with both diffuse
and point sources being considered. While point sources are the
most direct entry into an aquatic system, atmospheric deposition is
the dominant input component to the world oceans. Consequently,
reduction of mercury emissions must be the dominant mechanism
of control. Wet deposition is a primary mechanism for transporting
mercury from the atmosphere to surface water and land. Once in
aquatic systems, it can exist in dissolved or particulate forms and
can undergo a number of chemical transformations. Contaminated
sediments at the bottom of surface waters serves as a mercury
reservoir with sediment-bound mercury, recycling back into
the aquatic ecosystem for decades or longer. Mercury has a long
retention time in soils, so mercury that has accumulated in soils
may continue to be released to surface waters and other media
for long periods. Methylmercury (CH3Hg+)is the most common
form of organic mercury in the environment and is more toxic
than elemental or inorganic mercury with the potential for
bioconcentration and bioaccumulation via the aquatic food web.
This places people, all over the world, who consume predatory fish
(or where fish is a dietary staple) at risk. The methylation of mercury
occurs by biotic and abiotic processes, and transformation processes
are influenced by several environmental factors such as pH,
temperature, sulphate deposition, and availability of biodegradable
organic carbon. Currently there are 2 main ways to evaluate
concentrations of mercury in the environment based on principles
of modelling or measuring techniques. Modelling programs have
been studied to better understand the behaviour of substances
in environmental media and used to estimate for mercury and
its compounds in various environmental compartments. The
advantages and disadvantages of modelling versus measuring
techniques will be presented in full.

MS20-P1
HISTORY OF ACCUMULATION OF MERCURY IN
CARIBBEAN COASTAL ZONES, USING RADIOCHRONOLOGICAL TOOLS. REPORT OF THE REGIONAL
PROJECT IAEA-RLA7012
ALONSO-HERNANDEZ, Carlos1, RUIZ-FERNANDEZ, Ana
2
Carolina A.C. , SANCHEZ-CABEZA, Joan Albert3, MARTÍNEZHERRERA, Victor4, QUEJIDO-CABEZAS, Alberto5, GERARDOABAYA, Jane6, BETTI, Maria6
(1) CEAC, carlos@ceac.cu (2) UNAM-Mexico; (3) UAB-Espana; (4)
CIRA-Nicaragua; (5) CIEMAT-Espana; (6) IAEA
In the framework an IAEA Technical Cooperation Project “Use
of Nuclear Techniques to Address the Management Problems of
Coastal Zones in the Caribbean Region (RLA7012)” sediment
cores from twelve coastal areas in the Caribbean were collected,
analyzed for geochemical parameters, pollutants and dating using
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Pb-210 radiochronology models. In this work, we present the
temporal behaviours of mercury in these ecosystems. An increase
in mercury fluxes to the coastal zone is characteristic at all sites,
mainly in densely populated areas (Port-au- Prince, Haiti) or near to
discharges from chlor-alkaly plants (Cartagena bay-Colombia and
Sagua Estuary-Cuba). These results contribute to the sparse database
for mercury in the Caribbean marine environment and represent
the first report of pollution in marine sediments in some sampled
areas.

MG6-O3
MERCURY AND METHYLMERCURY TRANSPORT IN THE
CACHE CREEK SETTLING BASIN, CALIFORNIA, U.S.A.
ALPERS, Charles N.1, FLECK, Jacob A,1, MARVIN-DIPASQUALE,
Mark1, BEAULIEU, Elizabeth1, WRIGHT, Scott A.1
(1) U.S. Geological Survey, cnalpers@usgs.gov
The Cache Creek Settling Basin (CCSB) is a levee-bounded area of
about 14.5 km2 that traps sediment in Cache Creek (CC), which
drains a coastal mountain watershed that has high mercury (Hg)
concentrations. The Hg in CC comes from both natural sources
(hot springs and erosion of hydrothermally altered rocks) and
anthropogenic sources (wastes from historical Hg and gold mines).
The CCSB discharges into the Yolo Bypass, a conveyance that
protects the city of Sacramento and adjacent areas from flooding of
the Sacramento River. In the Sacramento River watershed, which
is the predominant source of water and Hg to the SacramentoSan Joaquin Delta, flow through the CCSB accounts for about
2% of the water balance but about 30% of the Hg load. The
CCSB currently traps about one-half to two-thirds of the load of
suspended sediment (SS) and total Hg (THg) from CC; however,
the budgets for methylmercury (MeHg) and reactive Hg(II) (Hg(II)R)
are unknown. Because of seasonal wet-dry cycles (typical rainfall
November-April and agricultural irrigation June-September), there
is concern that riparian wetlands and agricultural fields within
the CCSB are favorable areas for Hg(II) methylation. Streamgages
at the inflow, outflow gate, and overflow weir of the CCSB have
been monitored for discharge and SS concentration since January
2009, and daily SS loads have been quantified. Water-quality
sampling and analysis of THg, MeHg, Hg(II)R, dissolved organic
carbon (DOC) concentration, and grain-size distribution in SS of
CCSB inflows and outflows began in January 2010. Continuous
monitoring of turbidity with in-situ probes is providing data on
temporal variation in SS concentration, especially during storm
events. Spatial and temporal variations in bed-sediment THg,
MeHg, and Hg(II)R concentrations are being assessed at selected
riparian and agricultural sites within the CCSB during 2010-2011.
Preliminary results of water-quality sampling indicate that the CCSB
is a net source of MeHg and DOC during periods of moderate
flow between storm events (for example, February to March
2010). Concentrations of THg and Hg(II)R in unfiltered water
correlated positively with SS concentration, turbidity, and discharge
during January to May 2010, reinforcing the utility of continuous
monitoring for development of accurate budgets for THg and
Hg(II)R. Aqueous concentrations of MeHg did not show similar
correlations, causing relatively higher uncertainty in calculated
MeHg loads. A preliminary conceptual model for Hg cycling in the
CCSB involves deposition of THg and Hg(II)R during storm flows,
with subsequent methylation of Hg(II)R and export of MeHg.
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TS17-O15
THE INFLUENCE OF GENETIC POLYMORPHISMS ON
MERCURY LEVELS IN BLOOD, URINE AND HAIR –
EVIDENCE FROM GOLD MINERS IN FOUR COUNTRIES
AMEER, Syeda1, DRASCH, Gustav2, ENGSTRÖM, Karin3,
SKERFVING, Staffan3, BOSE-O’REILLY, Stephan4, BROBERG,
Karin3
(1) Lund University, shegufta.ameer@med.lu.se (2) Institute of
Forensic Medicine, Ludwig-Maximilians-University, Munich,
Germany; (3) Department of Laboratory Medicine, Section of
Occupational and Environmental Medicine, Lund University, Lund,
Sweden; (4) Institute of Public Health, Medical Decision Making
and Health Technology Assessment, UMIT – University for Health
Sciences, Medical Informatics and Technology, Hall i.T., Austria
Background
Inorganic mercury (Hg) is used in gold mining. Earlier studies,
conducted in gold mining areas in Indonesia (Böse-O’Reilly et
al. Sci Total Environ 2010), Philippines (Drasch et al. Sci Total
Environ 2001), Tanzania (Böse-O’Reilly et al. Sci Total Environ
2010), and Zimbabwe (Lettmeier et al. Sci Total Environ 2010),
have shown that individuals working or living in gold mining areas
demonstrate high levels of Hg in urine, hair, and blood. However,
there were large differences in levels of Hg among individuals with
similar exposure. This may be due to genetic differences in Hg
toxicokinetics, involving its uptake, biotransformation, distribution
and elimination.
Objective
The aim of this study is to identify genetic variants that affect Hg
toxicokinetics.
Materials and Methods
This study included 1113 participants from the above-mentioned
studies in Indonesia, Philippines, Tanzania, and Zimbabwe, sampled
as a part of the Global Mercury Project. Individuals were classified
as controls (with no specific Hg exposure), or with low (living in a
contaminated mining area) or high (working with Hg) exposure.
Urine, hair, and blood were collected for analysis of Hg by coldvapor atomic absorption spectrometry. Genotyping was done for 45
polymorphisms potentially involved in the toxicokinetics of Hg (i.e
glutathione-related genes and Hg transporters).
Preliminary Results
Some polymorphisms modified the relation between exposure
group and Hg levels. For some, the effect was in the same direction
in all countries studied, whereas for other polymorphisms, the effect
modification could only be seen in one or two.
Conclusion
This is the largest study performed, addressing how genetic factors
influence the toxicokinetics of inorganic Hg. The results can be used
for development of appropriate occupational exposure limit values
taking genetic variability into account.
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RG15-O18
ASSIMILATION AND DEPURATION OF DIETARY
METHYLMERCURY IN FISH – IMPLICATIONS FOR
SEAFOOD SAFETY
1

1

2

AMLUND, Heidi , ELLINGSEN, Ståle , BOYLE, David ,
1
1
LUNDEBYE, Anne-Katrine , TORSTENSEN, Bente E. ,
1
BERNTSSEN, Marc H.G.
(1) NIFES, heidi.amlund@nifes.no; (2) University of Plymouth,
Plymouth, UK
In aquaculture, the inclusion of marine protein (fishmeal)
in fish feed is the dominant source of mercury (Hg), mainly
methylmercury (MeHg), in farmed fish. In Europe, the levels
of contaminants in feed and seafood are regulated through the
European feed and food legislation, which set statutory limits for
a wide range of contaminants in feed ingredients, feed and food,
including seafood. The current maximum level for Hg in fish feed is
0.2 mg/kg feed (Commission Directive 2010/6/EC), and for fish the
maximum level is 0.5 mg/kg wet weight (Commission Regulation
(EC) no 1881/2006) for most species while it is 1.0 mg/kg wet
weight (Commission regulation (EC) no 629/2008) for a limited
list of species including Atlantic halibut, sword fish and tuna.. The
European Food Safety Authority (EFSA) states in their scientific
opinion of the Scientific Panel on Contaminants in the Food Chain
“Mercury as undesirable substance in animal feed” (2008) that
the current maximum level for mercury in fish feed is sufficient to
ensure a mercury level in farmed salmon fillet that does not pose a
risk to consumers. They also state that the validity of the maximum
level needs to be ascertained for other species of farmed fish.
In a series of trials we have investigated the assimilation and
depuration of dietary MeHg in farmed species (Atlantic cod and
Atlantic salmon), as well as in a model organism (zebrafish). In
general, a continuous accumulation of mercury in muscle was seen
during the exposure periods, and the elimination of mercury from
muscle was slow and incomplete within applied depuration periods.
Atlantic cod were fed a MeHg enriched diet (1 mg Hg/kg feed) for
three months followed by a three months depuration period. The
carry-over of MeHg from feed to muscle, described by the estimated
absorption efficiency, was 38%. The final mercury concentration in
muscle was 0.38 ± 0.04 mg Hg/kg ww (n = 6), where more than 90%
of the mercury was in the form of MeHg, and more than 99% was
found in the protein fraction. The results from these trials show that
fish readily take up MeHg from feed and that the MeHg is efficiently
accumulated in the muscle, where it is incorporated into larger
peptides and/or proteins. An overview of these studies will be given,
and the implications for seafood safety will be discussed.

Hg(II) is a semivolatile species that can partition between the gas
and particle phases. Because gases and particles are removed from
the atmosphere with different efficiencies the phase of mercury
has important implications for both the residence time of Hg in
the atmosphere and its pattern of deposition. We constrain Hg(II)
gas-particle partitioning with long-term observational records of
speciated mercury and concurrent data for temperature, relative
humidity, and ambient particulate matter (PM). This analysis uses
observations from sites in urban, rural, and remote environments
across North America. We implement a new mechanistic
representation of Hg(II) gas-particle partitioning in a state-of-thescience global 3-D chemical transport model (GEOS-Chem) for
multi-year simulations. Results indicate that Hg(II) gas-particle
partitioning can be successfully described by a thermochemical
parameterization dependent on PM and temperature, but the
parameters are significantly different from previously published
Hg(II) gas-particle partitioning coefficients derived from
observations.
The modeled deposition of mercury is sensitive to the phase of Hg,
but also to the parameterizations for wet and dry removal processes.
Wet deposition of Hg(II) and HgP in GEOS-Chem is modeled
by scavenging from moist convective updrafts as well as rainout
and washout by large-scale precipitation [Liu et al., 2001]. We
have found that GEOS-Chem has excessive re-evaporation taking
place below convective clouds, reflecting lack of information on
the vertical distribution of precipitation. To address this problem
we have accessed a new NASA global meteorological product, the
Modern Era Reanalysis for Research and Applications (MERRA),
which improves on the current product notably through better
archival of hydrometeorological information. We revised the wet
deposition code in GEOS-Chem to exploit the detailed information
made available by MERRA. Preliminary results comparing the
model to observations from the US Mercury Deposition Network
(MDN) indicate an improvement in the simulation of Hg deposition
over the Gulf Coast.
Deposition is the most environmentally relevant endpoint for
atmospheric mercury because inputs to terrestrial and aquatic
ecosystems can become available for methylation and bioaccumulate
in organisms. We quantify the effects of gas-particle partitioning of
atmospheric mercury on global deposition and assess the impact on
oceanic and terrestrial ecosystems.

RS4-P1
PHOTODEMETHYLATION OF METHYLMERCURY IN
ARCTIC FRESHWATER HOTSPOTS
1

RS1-O4
HG(II) GAS-PARTICLE PARTITIONING AND ITS EFFECT
ON GLOBAL MERCURY DEPOSITION
1

1

1

AMOS, Helen , JACOB, Daniel , SUNDERLAND, Elsie , HOLMES,
2
1
3
Chris , YANTOSCA, Robert , CORBITT, Elisabeth , STEFFEN,
4
4
5
Alexandra , GALARNEAU, Elisabeth , GRAYDON, Jenny , ST
5
LOUIS, Vincent
(1) Harvard University, amos@fas.harvard.edu (2) University of
California, Irvine; (3) Harvard Univeristy; (4) Environment Canada;
(5) University of Alberta
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AMYOT, Marc , GIRARD, Catherine , LAURION, Isabelle ,
1
LECLERC, Maxime
(1) Université de Montréal, m.amyot@umontreal.ca (2) INRS-ETE
Some Arctic freshwater systems have high levels of aqueous
monomethylmercury (MMHg), and our recent survey of 27 thaw
ponds and 7 lakes reported levels ranging from 0.02 to 18.2 ng/L
for MMHg. The highest concentrations of MMHg were mostly
found in runnels (ponds formed over melting ice wedges) and are
considered extreme compared to levels in natural aquatic systems.
Photodemethylation of MMHg into inorganic mercury (Hg) has
been shown to represent a major degradation pathway for this
contaminant in Arctic freshwater ecosystems. In 2008-2010, in
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situ incubation experiments were performed in selected lakes
and runnel ponds on Cornwallis and Bylot Islands (Nunavut)
to assess photodemethylation potential in these natural waters.
Natural water exposed to continuous sunlight for 7 days during
the Arctic summer presented considerably lower concentrations
of MMHg (losses of 34-63% of MMHg after one week) than
water incubated in the dark. The process was shown to be abiotic,
being unaffected by filtration, and appeared to be mediated more
effectively by short wavelengths of solar radiation (UV-A, UVB). Moreover, MMHg has been previously shown to interact
closely with sulfur-containing compounds and reactive oxygen
species, these molecules potentially playing an important role in
photodemethylation. Sulfur compounds (glutathione) and reactive
oxygen species (singlet oxygen, radical OH) were added both in field
and laboratory incubations of natural waters to investigate their role
in mediating photodemethylation, and seemed to accelerate it in all
cases. We conclude that photodemethylation in Arctic freshwater
ecosystems is most effectively mediated by wavelengths <410nm,
and that sulfur-rich compounds and reactive oxygen species play
an important role in chemical exchanges leading to in situ loss of
MMHg through solar irradiation.

RG8-P9
SEASONAL DYNAMICS OF MERCURY IN PLANKTON IN
AN ULTRAOLIGOTROPHIC LAKE: A Δ13C APPROACH
1

2

1

ARCAGNI, Marina , CAMPBELL, Linda , RIZZO, Andrea ,
1
3
3
ARRIBÉRE, María , KYSER, Kurt , KLASSEN, Kerry , RIBEIRO
1
GUEVARA, Sergio
(1) Laboratorio de Análisis por Activación Neutrónica, Centro
Atómico Bariloche, Argentina, marcagni@gmail.com (2) School of
Environmental Studies, Queen’s University Kingston, Canada; (3)
Department of Geology & Geological Engineering, Queen’s University
Kingston, Canada
Total mercury concentration (THg) and stable carbon isotope
13
ratios (δ C) were seasonally measured in three different plankton
fractions (F1: 10-53 μm, F2: 53-200 μm, F3: >200 μm) to assess
seasonal association between THg content and C sources to
plankton in Lake Moreno, an ultraoligotrophic lake in Northeastern
Patagonia (Argentina), which is divided in two basins, East (ME)
and West (MW) that present differing hydrogeomorphic and
catchment features.
-1

TS14-P1
LIFE HISTORY EFFECTS ON MERCURY BURDEN IN
EURYHALINE FISH
1

ANDERSON, M. Robin
(1) Northwest Atlantic Fisheries Centre, m.robin.anderson@dfo-mpo.
gc.ca

THg contents were significantly higher in F1 (up to 209.4 μg g dry
-1
weight (DW) and 257.9 μg g DW in ME and MW, respectively)
than in the other two fractions. A seasonal trend was observed in
the THg contents in F1, with the highest concentrations in fall, and
the lowest in summer. However, a different trend was observed
in the other two fractions which presented lower THg in fall and
winter (except F2 in ME) and higher concentrations in spring and
summer.
13

Mercury burden in freshwater and marine fish is known to be
a function of trophic position and directly related to body size.
However, mercury burdens are rarely compared between fish from
marine and freshwater systems. Data from large scale surveys of
mercury in fish in Newfoundland and Labrador, Canada were
examined to compare the effects of freshwater, estuarine and
marine residence on mercury burden in various diadromous or
euryhaline species. Comparisons were made on a size-weighted
basis as mercury burden generally increases with size in most fish
populations. Anadromous atlantic salmon, arctic char and sea
trout have significantly lower mercury levels than do landlocked
populations. Estuarine populations of other species such as northern
pike, longnose and white suckers and round whitefish also have
lower mercury levels than nearby freshwater populations. Duration
of the at-sea phase, trophic level and prey mercury burden may all
contribute to these patterns. Size-weighted comparisons of trout
and salmon populations from the same river system (Kenamu River,
Labrador) indicate that salmon with a truly marine life history
phase, have lower mercury levels than do sea trout who tend to
remain within the estuary for their marine phase. Although trophic
levels of the two species are similar, sea trout are at sea for only a
few months suggesting that some of the observed mercury burden
accumulated during their freshwater phase.
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δ C values were in general higher in ME than in MW and a
seasonal trend was also observed in both basins. The highest and
lowest values were observed in fall and spring respectively, in
both basins for all fractions. A positive correlation was observed
13
between THg and δ C in both basins, indicating that the high
THg concentrations in plankton were probably associated with
allochthonous C sources. This findings are also supported by
another allochthony indicator evaluated in a previous work, the
color:chlorophyla ratio which showed a seasonal pattern with a
higher ratio in fall and lower in spring. Precipitations in the area are
more abundant during fall and winter, being fall the season where it
rains the most, with the consequent input of allochthonous material
to the lake due to runoff and stream discharges.
The higher THg contents recorded in spring could be related to the
deposition of mercury, via atmospheric transport, in the snowpack
that accumulates in the high altitudes during winter, and flushing
afterwards to the aquatic systems during the spring snowmelt.
This water flowing to Lake Moreno in spring carries out much less
organic materials when compared with the fall runoff, because it
flows mostly through rocky surfaces.
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RG8-P16
TOTAL MERCURY CONCENTRATION IN DIFFERENT
PLANKTON FRACTIONS IN LAKE MORENO (PATAGONIA,
ARGENTINA) IN RELATION WITH Δ15N
1
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ARCAGNI, Marina , RIZZO, Andrea , CAMPBELL, Linda ,
1
3
3
ARRIBÉRE, María , KYSER, Kurt , KLASSEN, Kerry , RIBEIRO
1
GUEVARA, Sergio
(1) Laboratorio de Análisis por Activación Neutrónica, Centro
Atómico Bariloche, Argentina, marcagni@gmail.com (2) School of
Environmental Studies, Queen’s University Kingston, Canada; (3)
Department of Geology & Geological Engineering, Queen’s University
Kingston, Canada
The aim of this work was to assess association between total
15
mercury (THg) and δ N (stable nitrogen isotope ratios) values in
the plankton community in Lake Moreno (Northwest Patagonia,
Argentina), an ultraoligotrophic double-basined lake. The
Moreno East (ME) and West (MW) basins each have differing
hydrogeomorphic and catchment features, allowing us to compare
15
plankton dynamics. THg and δ N were measured in three plankton
fractions (F1: 10-53 μm, F2: 53-200 μm, F3: >200 μm). F1 is
composed of phytoplankton and mixotrophic ciliates, while both F2
and F3 contain mostly consumers such as ciliates, rotifers, copepods
and cladocerans.
THg concentrations were not significantly different between ME
and MW. Within each basin, the smallest fraction had significantly
higher THg concentrations relative to F2 and F3. In both basins,
fraction size was positively correlated with δ15N values, with F1
15
having lowest values. The largest fraction F3 had higher δ N values
in ME than MW. However, there were no other significant between15
basin differences for F1 or F2. THg concentrations and δ N values
were negatively correlated in MW, but there were no significant
correlations for ME plankton.
15

The difference observed in the δ N values between ME and MW in
the F3 fraction may be due to the relative species contribution; e.g.
it is suspected that ME may have a higher proportion of species in
15
F3 which presents higher δ N values than the dominant species in
MW F3 samples. A different proportion of N-fixing algae or higher
waste inputs in one basin than in the other could be also the cause
15
for the different δ N observed between ME and MW. However,
15
there is no significant difference in the δ N values of F1 and F2
between the basins, and an absence of heterocyst indicative of
N-fixation in potential N-fixing algae from this lake.
Despite the smallest plankton fraction can be partially consumed by
the larger fractions, it seems that only a small proportion of the THg
is transferred to the consumers in F2 and F3 fractions.

RG15-P11
DETECTION OF THE SPATIOTEMPORAL TRENDS
OF MERCURY IN LAKE ERIE FISH COMMUNITIES: A
BAYESIAN APPROACH
1

ARHONDITSIS, George
(1) University of Toronto, georgea@utsc.utoronto.ca

data. Our Bayesian statistical approach consists of three steps
aiming to address different questions. First, we used the exponential
and mixed-order decay models to assess the declining rates in
four intensively studied fish species, i.e., the walleye (Stizostedion
vitreum), the yellow perch (Perca flavescens), the smallmouth bass
(Micropterus dolomieui), and the white bass (Morone chrysops).
Because the two models postulate monotonic decrease of the THg
levels, we included first- or second-order random error terms in our
statistical formulations to accommodate non-monotonic patterns
in the data time series. Our analysis reveals an increasing trend in
the THg concentrations, which becomes particularly evident after
the mid-90s. In the second step, we used double exponential models
to quantify the relative magnitude of the THg trends depending on
the type of data used (skinless-boneless fillet versus whole fish data)
and the fish species examined. The observed THg concentrations
were significantly higher in skinless boneless fillet than in whole fish
portions, while the whole fish portions of walleye exhibited faster
decline rates and slower rates of increase relative to the skinless
boneless fillet data. Our analysis also shows lower decline rates and
higher rates of increase in walleye relative to the other three fish
species. Using skinless boneless fillet data, we introduced a double
exponential hierarchical model to infer about the THg trends in
four locations of the Lake Erie (Western Basin, Central Basin,
Long Point Bay and Eastern Basin). Our results revealed that the
contaminant decline rates were higher in Eastern Basin and Central
Basin followed by Western Basin and Long Point Bay, whereas
the fish samples collected from Eastern Basin exhibited relatively
higher rate of increase in THg concentration as compared to other
locations. The food web structural shifts induced by the invasive
species (dreissenid mussels and round goby) may be associated with
the recent THg trends in Lake Erie fish.

TG7-O9
MCGILL CARA PROJECTS: HOMOGENEOUS AND
HETEROGENEOUS MERCURY CHEMICAL REACTIONS
AND SPECIATION
1

ARIYA, Parisa A.
(1) McGill, parisa.ariya@mcgill.ca
Mercury and its related compounds are widely recognized as global
pollutants. Atmospheric gas, aqueous and heterogeneous chemistry
are expected to occur for Hg-containing species and accurate
implementation of their chemical parameters is essential for realistic
modelling of mercury cycling. Although significant progress has
been made, the current state of knowledge of mercury chemistry
is not precise and exhibits numerous uncertainties. At McGill
University, our research theme is involved in addressing a few of
these uncertainties including (a) development of techniques for
chemical characterization of so-called “reactive gaseous mercury”,
(b) perform kinetic and product studies in the homogeneous and
heterogeneous phases, , including at selected environmentally
relevant surfaces. In this paper, we will present some of recent data
supported by the Environment Canada program (CARA), and
discuss our results within the context of environmental mercury
cycling while pointing to the advancement of knowledge and
questions to be solved in future.

The temporal trends of total mercury (THg) in four fish species
in Lake Erie were evaluated based on 35 years of fish contaminant
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TS2-P7

TG5-P3

GEOLOGICAL CONTROLS CONCERNING MERCURY
ACCUMULATIONS IN STREAM AND LAKE SEDIMENTS
ACROSS CANADA

QUANTIFYING THE EFFECTIVENESS OF REMEDIATION
AT GAMBONINI MERCURY MINE IN CALIFORNIA COAST
RANGE

1

1

1

1

ARP, Paul A. , NASR, Mina , OGILVIE, Jae , ARP, John Paul ,
2
3
RENCZ, Andy , MORRISON, Heather
(1) Faculty of Forestry and Environmental Management, University
of New Brunswick, arp2@unb.ca (2) Mineral Resources Division,
Geological Survey of Canada; (3) Science and Technology Integration
Division, Environment Canada
This paper presents a Geological Survey of Canada (GSC) data
survey of mercury (Hg) concentrations in stream sediments (n ~
142,000) for selected areas across Canada based on the general
geological and topographic elevation differences between upland
and lowland streams. Hg concentrations vary widely from 5 to 9,400
ppb per sample, with regional averages from 29 (central Nunavut)
to 165 ppb (Vancouver Island, BC). An extensive cluster (100x400
km, oriented SE-NW) of Hg concentrations > 4000 ppb is located in
the eastern central portion of the Yukon Territory. Regionally and
locally, Hg concentrations tend to be consistently higher in stream
sediments in higher uplands elevations than lowlands. The upland to
lowland delineations were derived nationally and selected regionally,
from coarse- (national, 300 m) and fine-gridded (local, 30 m) digital
elevation models (DEMs).

TG3-P6
CURRENT SITUATION AND POTENTIAL FOR RECYCLING
OF MERCURY CONTAINING PRODUCTS IN JAPAN
1

ASARI, Misuzu
(1) Kyoto University, misuzuasari@eprc.kyoto-u.ac.jp
The collection and recycling of household products containing
mercury is important in both advanced countries and developing
countries. Then, the current situation and potential in Japan were
examined.
In Japan, fluorescent lamps used domestically are typical products
containing mercury. But the management of them is up to each local
government. And the collection rate stays around 20%.
On the other hand, for collected products containing mercury,
there are 20 private recycling companies at main regions in Japan.
For fluorescent lamps, 16 companies recycle them, and the total
recycling capacity is 85,656 tones lamps (4.3 tons mercury) per year.
This capacity is about five times compared with the current recycling
amount, 18,645-tons fluorescent lamps (0.9 tons mercury) per year.
Therefore, it seems important how to promote the collection rate of
used products containing mercury and recycle them.
From other aspects, end of life products which remain in households
are also important. At the “home visit survey”, the existence such as
used clinical thermometers containing mercury was clarified. It is
necessary to prevent unsuitable disposal of them.
For mercury containing products, including the product used in
the past, the discussion on the policy is also necessary as the typical
example of household hazardous wastes.
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AUSTIN, Carrie , KIRCHNER, James W. , WHYTE, Dyan C. ,
2
MYERS, Alexandra
(1) CalEPA, SF Bay Water Board, caustin@waterboards.ca.gov (2)
U.C. Berkeley; (3) CalEPA, SFBay Water Board
How effective is site cleanup? Simple before-and-after comparisons
of contaminant concentrations or loads can be misleading
measures of remediation effectiveness, due to factors external to
the remediation, including weather. We present a new analytical
method, before-and-after contaminant rating curves, to correct for
variations in external driving forces, and thus to clarify remediation
effectiveness. We demonstrate our method using monitoring data
from the Gambonini mercury mine in the California Coast Range.
Measured mercury loads in a stream draining the mine site were
a factor of ~1000 lower five years after remediation, compared to
measurements made prior to remediation. However, the postremediation year also had much lower rainfall, and thus would be
expected to give lower mercury loads because most of the mercury
comes from erosion of the waste pile. Our calculations show that the
variation in rainfall would account for a factor of ~60-80 decrease
in mercury loads (corresponding to an apparent 98-99% removal
efficiency), even without remediation. Our results also show, that
(a) concentrations of mercury in sediment went down (less mine
waste in stream sediment), (b) concentrations of sediment at a
given stream flow went down (less sediment mobilized due to
greater slope stability), and therefore (c) for a given stream flow, a
much smaller load of mercury left the site. By comparing pre- and
post-remediation contaminant rating curves, we show that the mine
remediation can be shown to have reduced mercury loads by a
factor of 10-20 (90-95%) on an all-else-equal basis.

TS14-P4
MERCURY IN A CALIFORNIA ESTUARY (TOMALES BAY)
WITH ONE RECENT (1960’S) MINE SOURCE THAT WAS
REMEDIATED (2000)
1

2

3

AUSTIN, Carrie , RIDOLFI, Kat , MELWANI, Aroon , GRENIER ,
3
J. Letitia
(1) CalEPA, SF Bay Water Board, caustin@waterboards.ca.gov (2)
Formerly SFEI, Now LimnoTech; (3) San Francisco Estuary Institute
(SFEI)
Tomales Bay demonstrates downstream improvements from
mercury mine remediation. Mercury mining in Tomales Bay
occurred in the 1960’s), and the single mine was remediated in
2000. Hydrodynamics confine mine pollution to one area, Walker
Creek (WC) delta, where it is buried by cleaner sediments. WC delta
surface sediment TotHg (mean, ug/g, dry wt) was 1.6 in 2000, 0.9 in
2009; elsewhere in Tomales Bay, 2009 surface sediment TotHg was
0.1–0.2.
Mercury in sediment, particularly at deltas with high primary
productivity, is key to bioaccumulation in Tomales Bay. Mercury is
methylated and bioaccumulated through the food web and at times
exceeds health thresholds for humans and wildlife.
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Human health was the initial driver. In ~2000, both wild and
farmed filter-feeding shellfish had mean MeHg concentrations
well below thresholds; shellfish farms are the largest industrial
operation in Tomales Bay. A favorite sport fish (halibut) consistently
has TotHg (mean, skinless filet, ug/g, ww) at 0.2, and other sport
fish (surfperch, jacksmelt, wild crabs) consistently have lower
concentrations. However, the less frequently consumed sharks and
rays have much higher concentrations (0.5–1.4).
It now appears that threats to wildlife are the primary concern,
particularly in the tidal marshes. In 2009, prey fish TotHg (mean,
ug/g, ww, composites) was equal to the threshold that protects
piscivorous birds. Baywide, TotHg was 0.05 in small (40–110 mm),
whole prey fish caught in subtidal areas. In 2010, we only sampled
at WC delta; TotHg was 0.11 in prey fish caught from the intertidal
channels, and 0.16 in prey fish caught in tidal marsh channels.
MeHg (mean, ug/g, ww, composites) in small marsh crabs (carapace
width 12–26 mm) was 0.06, which is six times greater than the
threshold for piscivorous birds that also consume invertebrates.
We plan to monitor mercury trends in WC delta sediment and
biota over the next decade to ensure that concentrations decline to
safe levels. Additional information is available at www.waterboards.
ca.gov/sanfranciscobay/water_issues/programs/TMDLs/ and www.
sfei.org/documents.

MG6-P7
MERCURY IN CALIFORNIA’S NEW ALMADEN MINING
DISTRICT, NORTH AMERICA’S LARGEST MERCURY
PRODUCER AND WORLD’S 5TH-LARGEST
1

AUSTIN, Carrie
(1) CalEPA, SF Bay Water Board, caustin@waterboards.ca.gov
In its heyday, New Almaden was widely covered by the popular
and scientific press and helped to fuel westward expansion. In
contrast, few of the many environmental studies conducted around
New Almaden in the last 15 years have been published in journals,
although many are posted to websites. The purpose of this poster is
to make these studies known and available to mercury researchers.
This poster is available at: waterboards.ca.gov/sanfranciscobay/
water_issues/programs/TMDLs/
In accordance with common mining practices (1846–1975), calcines
were disposed near creeks. Winter storm flows (Mediterranean
climate) transport wastes downstream. In the 1930’s, two reservoirs
were constructed in polluted creeks adjacent to New Almaden,
at the top of the watershed. Halfway down this watershed, a lake
now fills abandoned gravel quarry pits. In the 1860’s, wetlands at
the bottom of the watershed were diked to create salt ponds. Now,
the largest tidal wetland restoration project on the west coast is
underway to restore these salt ponds back to wetlands, and scientists
are studying mercury in them and upstream.
Aqueous total MeHg reached 10, 50, and 140 ng/L reservoirs
and lake before solar-powered water circulators were installed to
increase oxygen levels. Tot Hg in age-1 Largemouth bass (7–9 cm)
was 0.96, 0.83, and 0.39 mg/kg. TotHg in adult Largemouth bass
(42–44 cm) was 4.3, 6.1, and 2.3 mg/kg.
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TS10-P15
BIOGEOCHEMICAL FACTORS INFLUENCING NET
MERCURY METHYLATION IN CONTAMINATED
FRESHWATER SEDIMENTS FROM THE ST. LAWRENCE
RIVER IN CORNWALL, ONTARIO, CANADA
1

1

AVRAMESCU, Mary-Luyza , YUMIHOZE, Emmanuel ,
2
3
1
HINTELMANN, Holger , RIDAL, Jeff , FORTIN, Danielle , LEAN,
1
David
(1) University of Ottawa, (2) Trent University; (3) St. Lawrence River
Institute
The activity of various anaerobic microbes, including sulfatereducers (SRB), iron-reducers (FeRP) and methanogens (MPA) has
been linked to mercury methylation in aquatic systems, although the
relative importance of each microbial group in the overall process is
poorly understood in natural sediments. The present study focused
on the biogeochemical factors (i.e. the relative importance of
various groups of anaerobic microbes (FeRP, SRB, MPA) that affect
net monomethylmercury (MMHg) formation in contaminated
sediments of the St. Lawrence River (SRL) near Cornwall (Zone
1), Ontario, Canada. Methylation and demethylation potentials
were measured separately by using isotope-enriched mercury
200
199
species ( Hg2+ and MM Hg+) in sediment microcosms treated
with specific microbial inhibitors. Sediments were sampled
and incubated in the dark at room temperature in an anaerobic
chamber for 96h. The potential methylation rate constants (Km)
and demethylation rates (Kd) were found to differ significantly
between microcosms. The MPA-inhibited microcosm had the
-1
highest potential methylation rate constant (0.016 d ), whereas
the two SRB-inhibited microcosms had comparable potential
-1
-1
methylation rate constants (0.003 d and 0.002 d , respectively). The
inhibition of methanogens stimulated net methylation by inhibiting
demethylation and by stimulating methylation along with SRB
activity. The inhibition of both methanogens and SRB was found to
enhance the iron reduction rates but did not completely stop MMHg
production. The strong positive correlation between Km and Sulfate
Reduction Rates (SRR) and between Kd and Methane Production
Rates (MPR) supports the involvement of SRB in Hg methylation
and MPA in MMHg demethylation in the sediments. In contrast,
the strong negative correlation between Kd and Iron Reduction Rates
(FeRR) shows that the increase in FeRR correspond to a decrease
in demethylation, indicating that iron reduction may influence net
methylation in the SLR sediments by decreasing demethylation
rather than favouring methylation.

MS11-P2
UPTAKE OF METHYLMERCURY IN FARM-RAISED
RAINBOW TROUT (ONCORHYNCHUSS MYKISS) AND
YELLOW PERCH (PERCA FLAVESCENS)
1

2

3

BABIARZ, Christopher , BINKOWSKI, Fred , CRESWELL, Joel ,
4
BABBINAT, Abbey
(1) University of Wisconsin --Madison, cbabiarz@wisc.edu (2) Great
Lakes WATER Institute; (3) Brooks-Rand ; (4) University of Wisconsin
-- Madison
Aquaculture in the United States is a rapidly growing industry that
provides stocker, bait, and food fish. Recent reports of contaminant
level differences between wild and farm-raised fish have elevated
interest in best management practices for aquaculture. Reported
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mercury levels in farm-raised fish are well below the 1000 ng/g US
Food and Drug Administration tolerance limit for commercially
sold fish, but occasionally exceed the 49 ng/g consumption advisory
trigger set by the US Environmental Protection Agency. Wisconsin
fish have markedly higher concentrations, ranging from 60 and
530 ng/g HgT. We used a field and laboratory approach to evaluate
the critical components that govern MeHg concentrations in two
contrasting species of fish that are commonly farmed in the Great
Lakes region of the USA. The critical components include the
food source, fish species, growth stage, health, and water quality.
The information gathered was used to calibrate a contaminant
accumulation model that is based on a bioenergetics approach.
Concentrations in fishmeal available in Wisconsin ranged from
9 to 108 ng/g total mercury (HgT) and are typically 75% to 90%
MeHg. Higher concentrations are generally associated with fine
grain feed, and coupled with their higher feeding rates, this suggests
that farm-raised juvenile fish receive a higher burden of mercury
than their older counterparts. We also explored methylation rate
potentials in the detrital material and the pond sediments. Although
these sources have little direct contribution to mercury levels in
fish, they may influence the concentrations in sediment and waste
byproducts. Recovery and beneficial reuse of aquaculture effluents
and byproducts is a growing area of development, and information
on MeHg levels in these compartments is lacking. To our knowledge
these are the first data available on MeHg concentrations in these
compartments. Finally, best-management practices to improve
aquaculture techniques will be presented.

TS5-P2
INFLUENCE OF REGIONAL MERCURY SOURCES ON LAKE
MICHIGAN TRIBUTARIES: A 15-YEAR COMPARISON
1

1

BABIARZ, Christopher , SCHOTT, Trevor
(1) University of Wisconsin -- Madison, cbabiarz@wisc.edu
Fifteen years have passed since the inception of the Lake Michigan
Mass Balance Study (LMMB), and during that period both
industrial use and atmospheric emissions of mercury (Hg) have
been reduced. Given these reductions, and new information on
the residence time of Hg in aquatic ecosystems, we have begun an
abridged version of the tributary monitoring project to provide
an interim benchmark before new caps on mercury emissions are
completely met.
Our past work has shown that flow rate strongly influences the
concentration of total mercury (HgT), methylmercury (MeHg), and
suspended particulate matter (SPM), in rivers. Because the relative
speciation of mercury also varies with flow rate the project focuses
on three distinct flow regimes: base flow, storm events, and the
spring melt. Measurements of HgT and MeHg concentration in the
unfiltered and filtered phases, and important ancillary chemistry
(DOC, pH, specific conductivity, and temperature) are being
quantified.
By establishing the current condition of these tributaries, the project
provides two important outcomes: (a) the data will be an important
longitudinal benchmark to assess the impact of recent and future
emissions reductions, and (b) the premise that tributaries can be
used as sentinels will be tested by comparing the current data to
those collected during the LMMB. By laying this groundwork,
we hope to quantify the regional impact of current Hg emission
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rules and provide a scientific basis for future decisions about
implementing additional control programs in the region.

RG14-O6
HUMAN BIO-MONITORING DATA FROM MERCURY
EXPOSED MINERS IN SIX SMALL-SCALE GOLD MINING
AREAS IN ASIA AND AFRICA
1

1

BAEUML, Jennifer , BOESE-O´REILLY, Stephan , MATTEUCCI
1
1
2
GOTHE, Raffaella , LETTMEIER, Beate , ROIDER, Gabriele ,
2
1
DRASCH, Gustav , SIEBERT, Uwe
(1) Institute of Public Health, Medical Decision Making and Health
Technology Assessment (IPH), University for Health Sciences, Medical
Informatics and Technology (UMIT), Eduard Wallnoefer-Centre
I, A 6060 Hall i.T., Austria, jennifer.baeuml@umit.at (2) Institute
of Forensic Medicine, (LMU) Ludwig Maximilians-University,
Nussbaumstrasse 26, D-80336 Munich, Germany
Objectives
In small-scale gold mining areas in many developing countries,
mercury (Hg) is used to extract gold from ore.
Methods
Data of 1278 participants from Indonesia, Mongolia, Philippines,
Tanzania, and Zimbabwe were combined to analyze the relation
between exposure in small-scale gold mining areas and body
burden.
Four groups were selected relating to their intensity of contact with
mercury: (i) a non exposed control group; (ii) a low exposed group
with participants only living in mining areas, but not working as
miners; (iii) a medium exposed group, miners living in exposed
areas and working with mercury without smelting amalgam; and
(iv) a high exposed group, miners living in exposed areas and
smelting amalgam. The Kruskal–Wallis was used to test for possible
differences over all groups for the amount of mercury between the
various exposed groups. Furthermore, the Mann-Whitney U test
was performed to compare the different exposure groups to the
control group.
Results
Compared to the non-exposed control group, participants living
and/ or miners working in highly exposed areas have significant
higher values of mercury in urine, hair and blood. (p-value < 0.001)
The median mercury value in urine in the control group is < 0.2
μg/l. In the high exposed group of amalgam smelters, the median
in urine is 11.9 μg/l (max. 5240 μg/l). The median in blood in the
control group is < 0.91 μg/l. The median level in blood of the high
exposed group is 7.61 μg/l (max. 429 μg/l). The median for total
mercury in hair samples from the control group is 0.21 μg/g. In the
high exposed group the median hair concentrations are 2.43 μg/g
(max. 239 μg/g). The levels differ as well considerably between the
countries, reflecting a diverse background burden due to different
fish eating habits and different work place methods.
Conclusions
Compared to threshold values a high percentage of exposed
participants had levels above threshold values. These high levels of
mercury are likely to be related with serious health problems.
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RS17-P5
APPLICABILITY OF TWO MOBILE ANALYSERS FOR
MERCURY IN URINE IN SMALL-SCALE GOLD MINING
AREAS
1

1

BAEUML, Jennifer , BOESE-O’REILLY, Stephan , LETTMEIER,
1
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Beate , MAYDL, Alexandra , MESSERER, Katalin , ROIDER,
2
2
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Gabriele , DRASCH, Gustav , SIEBERT, Uwe
(1) Department of Public Health, Information Systems and Health
Technology Assessment, UMIT University for Health Sciences, Medical
Informatics and Technology, Hall i.T., Austria, jennifer.baeuml@umit.
at (2) Institute of Forensic Medicine, (LMU) Ludwig MaximiliansUniversity, Nussbaumstrasse 26, D-80336 Munich, Germany
Background
In artisanal and small-scale gold mining (ASGM) in developing
countries, mercury is still frequently used to extract gold from ore.
The resulting mercury vapor from melting the amalgam is toxic.
Inhabitant’s intake of the vapor via different pathways, like air, water
and food is a serious health hazard. Mercury vapor is a neurotoxic
substance.
Methods
The concentration of mercury in urine was analyzed in different
mining areas in Zimbabwe, Indonesia and Tanzania. During the
field projects, the urine samples were first analyzed by the CV-AAS
(cold vapor atomic absorption spectrometry) with a mobile mercury
analyzer (Lumex® or Seefelder®) and second, in a laboratory with a
stationary CV-AAS mercury analyzer (Perkin Elmer®).
Results
In the first analysis with the mobile mercury analyzer, only the
amount of inorganic mercury in urine was obtained and in
the second analysis the total amount of mercury was detected.
Afterwards, the test results obtained by the mobile analyzer were
compared to the data from the stationary analyzer. There were no
significant differences detectable between the results maintained
with the two different ways of analyzing mercury in urine.
Discussion
Comparing the characteristics of the different analyzers, the
advantages of the mobile analyzers are the lower operating costs and
that they do not need gas for operating, therefore they are easier
to use in remote areas. In contrast, the advantage of the stationary
analyzer is that it is more precise (lower limits of detection).
Conclusion
To identify increased inorganic mercury levels in urine in artisanal
and small-scale gold mining (ASGM), mobile mercury atomic
absorption analyzers are useful.

RG11-P15
DEVELOPING A MERCURY RISK MANAGEMENT PLAN
FOR THE WESTERN CAPE PROVINCE, SOUTH AFRICA
1

2

BAIJNATH-PILLAY, Nitasha , LEANER, Joy J , MAKOALA,
2
2
2
Millicent , BILL, Catherine , CHETTY, Kamaseelan , WINGROVE,
2
3
4
Heinrich , BARRANTES, Vera , MASON, Robert
(1) Dept Environmental Affairs and Development Planning, npillay@
pgwc.gov.za (2) D:EADP; (3) UNITAR; (4) University of Connecticut,
USA
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Anthropogenic activities such as coal combustion, mining of ferrous
and non-ferrous metals, especially gold extraction and refining,
as well as the disposal and incineration of consumer products,
release significant amounts of mercury (Hg) to the regional and
global environment (UNEP 2002). Despite the presence of several
known sources of Hg emissions in southern Africa, there are few
policies that focus on Hg in terms of its risk to human health and
the environment. Given the potential severity and risks associated
with Hg pollution, the Department of Environmental Affairs and
Development Planning (D:EADP) and UNITAR, with funding
obtained from the USEPA, set out to develop a Mercury Risk
Management Plan for the Western Cape Province. Preliminary
work included identifying potential Hg sources in the Province, and
using the information to develop the Mercury Risk Management
Plan. The key issues of the Risk Management Plan will be outlined.
Recommendations for research in terms of reducing the Hg risk
to the environment and human health in the Province will also be
made.

TS17-O4
MERCURY EMISSIONS REDUCTION FOR SMALL-SCALE
GOLD PROCESSING
1

1

BAILEY, Marianne , ENGLE, Marilyn
(1) U.S. Environmental Protection Agency, bailey.marianne@epa.gov
Artisanal and small-scale gold mining remains the largest use of
mercury globally, and the source of the greatest releases to the
environment on a global basis. While considerable attention has
focused on releases from artisanal and small-scale field operations,
the second-stage processing of the miners’ ore is a less wellknown source of significant mercury release and exposure. This
presentation will discuss the magnitude of the problem as well as
technical approaches to controlling mercury vapor releases from
small-scale gold processing, which takes place in gold shops and
buying agencies throughout the world. The presentation will
include a detailed explanation of the USEPA/ANL Mercury Capture
System.

RG11-P2
BIOACCUMULATION OF MERCURY IN FISH IN U.S.
NATIONAL PARKS OF THE WESTERN GREAT LAKES
REGION
1

1
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BAILEY, Sean W. , HARO, Roger J. , ROLFHUS, Kristofer R. ,
1
1
SANDHEINRICH, Mark B. , WIENER, James G.
(1) University of Wisconsin-La Crosse, bailey.sean@uwlax.edu
We are assessing the bioaccumulation of methylmercury in six
national parks of the western Great Lakes region (USA). The parks,
which are managed by the U.S. National Park Service, range from
human-impacted landscapes (Indiana Dunes National Lakeshore) to
relatively pristine wilderness (Isle Royale National Park). Analyses
of dated sediment cores and regional forest soils have shown that
atmospheric deposition is the dominant source of mercury to the
parks—derived mostly from anthropogenic sources. The parks
contain abundant aquatic resources (perennial streams, inland lakes,
wetlands, and near-shore areas in lakes Michigan and Superior) that
support diverse assemblages of warm, cool, and coldwater fishes.
Many fishes—including walleye, northern pike, smallmouth bass,
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and lake trout—are harvested recreationally in the parks, providing
a potential pathway for dietary exposure of park visitors to
methylmercury. Whole prey fish and axial muscle of predatory fish,
as well as other components of the pelagic and benthic food webs,
are being sampled and analyzed to (1) assess spatiotemporal patterns
in contamination, (2) identify parks and surface waters where
methylmercury poses the greatest ecological risk to fish and wildlife,
(3) identify water bodies and species for which fish-consumption
advisories should be posted, and (4) identify lacustrine, watershed,
and trophic factors influencing bioaccumulation of methylmercury.
Fish from some of the parks are bioaccumulating methylmercury
to toxicologically significant concentrations. Mercury levels in axial
muscle of piscivorous fish from several lakes substantially exceeded
0.3 μg/g wet weight, the US Environmental Protection Agency
tissue residue criterion for methylmercury (established to protect
the health of persons who eat noncommercial fish). Concentrations
in many predatory fish exceeded 0.5 μg/g wet weight, an estimated
threshold level associated with altered biochemical processes,
damage to cells and tissues, and reduced reproduction in fish. In
some lakes, concentrations of mercury in whole prey fish may be
high enough to adversely affect production of nesting common
loons. We conclude that mercury contamination is a significant
threat to fish and wildlife in certain national park units of the
western Great Lakes region.

FG9-O8
MERCURY IN COMMON TERNS (STERNA HIRUNDO)
BREEDING IN THE ST. LAWRENCE RIVER AREA OF
CONCERN
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BAIRD, Christopher , LAVOIE, Raphael , HARPER, Lee ,
1
CAMPBELL, Linda
(1) Queen’s University, 9cb61@queensu.ca (2) Riveredge Associates,
LLC
Common terns (Sterna hirundo, COTE) are a species of concern in
the St. Lawrence River system. Given that the River also has many
Areas of Concern (AOC) with elevated contaminants, our goal
was to survey contaminant burdens in COTE adults and juveniles
and assess exposure. We investigated the relationship between diet
(stable carbon (d13C) and nitrogen (d15N) isotopes) and mercury
(Hg) bioaccumulation in three COTE colonies along a 150-km
transect of the St. Lawrence River. The foraging range of the colony
furthest downstream includes two Areas of Concern (AOC), while
the two upstream colonies are more removed from known point
sources of Hg. We also sampled winter- and summer- grown breast
feathers to compare diet and Hg exposure on the terns’ breeding
ground vs. the terns’ wintering grounds. Terns were sampled
twice: upon arrival to the breeding grounds to collect ‘winter’
breast feathers, and just prior to hatching the same individuals
were re-trapped to sample regrown ‘summer’ breast feathers. The
results of this study will assist regional managers in evaluating the
effectiveness of the AOC recovery plan in relation to key migratory
piscivorous bird species.

FS3-O5
PHOTOCHEMICAL MODEL EVALUATION OF SPECIATED
AMBIENT MERCURY COMPARED TO AMNET SITES AND
TOTAL MERCURY WET DEPOSITION USING MDN SITES
1

1

BAKER, Kirk , BASH, Jesse
(1) United States Environmental Protection Agency, baker.kirk@epa.
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Regional scale photochemical transport models are used to estimate
mercury deposition that result from changes in local, regional,
and global scale emissions. The Atmospheric Mercury Network
began making routine sub-hourly measurements of speciated
ambient mercury in 2008 and 2009. This network provides a unique
opportunity to assess how well state of the science photochemical
transport models estimate observed diurnal and seasonal patterns of
ambient speciated mercury: Hg(0), Hg(2+), and Hg(p). In addition,
model estimates of total mercury deposition and rainfall are directly
compared to measurements at monitors in the Mercury Deposition
Network. The Community Multi-scale Air Quality (CMAQ) model
version 4.7.1 represents mercury emissions, removal processes, and
chemical transformations through dry and wet deposition schemes,
gas-phase, and aqueous phase chemistry. The photochemical model
is applied with anthropogenic, biogenic, and geogenic emissions,
boundary conditions, and meteorology for the entire year of 2005
at 12 km grid resolution covering the continental United States.
Particle bound mercury contributes about 4%, Hg(0) 25-29%, and
Hg(2+) 67-71% to total mercury deposition over the continental
United States. Approximately 65% of mercury is removed through
dry processes and 35% through wet processes. The composition of
dry deposition is roughly equal between Hg(0) and Hg(2+) while
Hg(2+) dominates the composition of mercury wet deposition
(>90%). Total wet deposition performance for CMAQ is consistent
with previously published modeling results: annual mean bias and
error are 34% and 52% respectively. CMAQ compares well with total
mercury wet deposition observations in the eastern United States
but over-estimates in the western United States. Systematically overestimated rainfall in the western U.S. in part explains over-estimated
wet deposition and under-estimated mercury concentration in
wet precipitation. Relationships between rainfall and mercury wet
deposition are less clear in the eastern U.S. CMAQ captures the
seasonal trends and diurnal patterns of Hg(0) and Hg(2+) ambient
concentrations and wet deposition well in the eastern U.S. The
modeling system does not capture diurnal patterns of Hg(0) and
Hg(2+) in the western U.S. as well as in the eastern U.S.

RG11-O9
ARE FISH AT RISK FROM MINING-RELATED MERCURY
EXPOSURE IN PINCHI LAKE, BC? KEY RESULTS FROM
LONG-TERM MONITORING AND RISK ASSESSMENT
STUDIES
1

2

BAKER, Randy F. , MANN, Gary S.
(1) Azimuth Consulting Group, rbaker@azimuthgroup.ca (2)
The Pinchi Lake Mercury Mine in northern British Columbia,
Canada, produced elemental mercury from 1940 to 1944 (historic
operation) and from 1968 to 1975 (modern operation). During the
historic operation, mercury-contaminated calcines (primarily in the
form of cinnabar [HgS]) were deposited directly into Pinchi Lake
(55 km2). Mercury concentrations in surface sediments throughout
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most of the lake were between 2 to 20 mg/kg, but increased to 50 to
850 mg/kg in calcine-dominated sediments immediately adjacent
to the mine. A range of monitoring and risk assessment studies
have been conducted since 1974 to understand mercury dynamics
in the aquatic and terrestrial environments at Pinchi Lake. This
presentation focuses on the work conducted to date on fish.
Pinchi Lake fish mercury concentrations are elevated relative to
the same species in nearby lakes and elsewhere in BC. Based on
stable isotope analyses, these differences are mine related and
not due to differences in trophic position. Although fish mercury
concentrations in lake trout (0.81 ppm in 2006 for a standardized
55 cm fish) have declined significantly since the 1970s (5 ppm),
concentrations have not diminished much between the 1980s and
2006 (~1 ppm). Stable isotope work has shown that food chain
length is relatively short and similar to food web structure in
adjacent lakes. Despite reductions in tissue mercury concentrations,
levels are sufficiently elevated to potentially cause sublethal
effects to individual fish based on laboratory studies. From a
risk-based perspective, there is a high degree of uncertainty as to
whether laboratory-based results can be extrapolated to the field
and how any effects to individual, if occurring, ultimately affect
fish populations. Lake trout should have the highest potential
for sublethal effects to individuals given their elevated tissue
concentrations and we compare literature-derived thresholds with
site-specific tissue concentrations. However, available information
on meristics, catch effort and growth rates suggests that populationlevel effects are unlikely. The long-term fishing advisory for the lake
has limited fishing, which confounds comparisons to other lakes
that sustain fishing pressure. Planned long-term monitoring will
investigate the potential for effects to individual fish in Pinchi Lake
relative to fish from reference lakes.

WS14-O1
BIOGEOCHEMISTRY AND PRODUCTION
OF METHYLMERCURY IN SEDIMENTS OF
ANTHROPOGENICALLY IMPACTED ESTUARIES IN THE
NORTHEASTERN U.S.
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Elevated levels of methylmercury (MeHg) in fish is a global human
health and environmental concern and coastal systems, which
are little studied, could be important conduits for the production
and trophic transfer of MeHg. Water, sediment, and biota were
therefore sampled to study MeHg production and bioaccumulation in both contaminated and pristine estuaries from Maine to
New Jersey in 2008 and 2009. Sediment measurements (core and
grab samples) included solid phase and pore water MeHg and total
mercury (Hg), rates of methylation and demethylation using stable
isotopes, organic matter content by loss on ignition (LOI), and pore
water dissolved organic carbon (DOC) and sulfide. Water column
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parameters included dissolved and particulate MeHg and total Hg,
total suspended solids (TSS), nutrients, and DOC. Sediment total
Hg spans 3 orders of magnitude among estuarine sites (0.01 to 20
-1
nmol g ), and correlates well with organic matter (LOI) in a range
-1
of 1 to 18%. Sediment MeHg ranges from 0.2 to 50 pmol g among
locations, with elevated MeHg and total Hg in anthropogenically
impacted areas (e.g., Mill Creek, NJ) as compared to rural/residential estuaries (e.g., Waquoit Bay, MA). Among intensively sampled
-1
locations, average sediment MeHg was highest (7.9 to 39 pmol g ;
0.4 to 0.6% of total Hg [%MeHg]) in cores (8 cm) from the contaminated Hackensack (NJ) site, and less at Portsmouth (NH, 3.4 to 7.7
pmol g-1; 0.2 to 0.3% MeHg) and Wells (ME, 0.2 to 2.6 pmol g-1;
2.0 to 2.8% MeHg). Elevated %MeHg at the Wells site was associated
with comparatively low levels of sediment total Hg (0.01 to 0.1 nmol
-1
g ) and reduced organic matter (0.5 to 3.7%), and suggests a higher
methylation rate as compared to the other sites. Increased rates of
methylation at Wells are supported by lower pore water inorganic
-1
Hg (HgII) partitioning coefficients (KD; 1.7 to 3.1 L kg ), indicating
greater bioavailability of HgII to methylating bacteria. Preliminary
observations suggest that organic matter is the main control over
MeHg production among the geographically separated estuaries
included in this study. We will discuss these relationships and the
major factors controlling MeHg formation and fate in the presentation.

RG1-O6
RAPID DETERMINATION OF HG(0) PRODUCED
ENZYMATICALLY BY BACTERIA WITH NOVEL GOLD
MICRODISK ELECTRODES
1

1
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1
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(1) Scienze Molecolari e Nanosistemi, Cà Foscari University, baldi@
unive.it
Sensor miniaturization and rapid analytical measurements are
important tasks to determine microbial activity and toxic species
such as gaseous Hg(0. The use of voltammetric microelectrodes
is advantageous, as small electrodes display attractive properties
such as low ohmic drop and capacitive current, enhanced mass
transport and high faradaic current densities, possibility to perform
measurements in situ. Based on disk shaped gold microelectrodes,
a novel procedure has been developed to monitor gaseous Hg(0)
produced by Hg-resistant Pseudomonas putida strain FB1. To
this purpose, a series of 8 microelectrodes 25 μm in diameter was
prepared and employed as sensors for the detection of Hg(0) above
cultural media. This analytical method is based on the accumulation
of metallic mercury onto the gold surface of the microelectrode and
then stripping out the amalgamated mercury by the use of anodic
stripping voltammetry (ASV). In order to test the performance of
microelectrode sensors for Hg(0) determination, a broad Hgresistant Pseudomonas putida strain FB1 was cultivated in Nelson
medium and its activity evaluated towards the reduction action of
2+
Hg . The Hg(0) production was also performed in cytosol extracted
from bacterial cells by ultrasonic cell treatments. The amount of
2+
Hg reduced to Hg(0) is linked to the enzymatic oxidation of
NADPH with 1:1 stoichiometry. 50 μl of cytosol was incubated with
a complete assay mixture containing 2μM NADPH. This cofactor
oxidation was followed and determined by light luminescent
multi-plate reader. This allowed correlating the amount of NADPH
cofactor oxidation with charges measured by ASV. The effect of
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HgCl2 concentration and exposure time on cell inhibition was
examined in detail. The methodology developed was also applied for
in situ measurement in sediments and biological samples.

Geophysics, University of Minnesota, Minneapolis, MN 55455; (3) St.
Croix Watershed Research Station, Science Museum of Minnesota,
Marine on St. Croix, MN 55047; (4) Department of Geology, Gustavus
Adolphus College, St. Peter, MN 56082

TS16-O2

Lake Pepin is a large natural floodplain lake on the Upper
Mississippi River located about 80 km downstream of the
Minneapolis/St. Paul (Twin Cities) metropolitan area. The lake is an
effective trap for sediments carried by the river, and sediment cores
there record the quantitative history of Hg and sediment loads in
the river dating back to local Euro-American settlement (c. 1830).
210
Pb-dated sediment cores collected in 1995-1996 showed large
inputs of Hg to the river during the middle part of the 20th century
as development of the metropolitan area upstream accelerated, but
Hg loads have decreased since about 1970 due to reduced inputs
from wastewater and other sources. Recently (2006-2008), new
sediment cores were collected at the same locations as 10 of the
previous cores using precise GPS coordinates. Analysis of these
dated cores provides a measure of changing Hg and sediment loads
in the river since 1996. Post-1996 chronologies were calculated
based on a precise alignment of prominent magnetic susceptibility
peaks evident in both the original and repeat cores. This method
accounted for varying degrees of sediment compaction among the
cores resulting from differences in sediment accumulation rates at
each site. Our results indicate a 23% reduction in the whole-basin
-1
Hg accumulation rate over the past 10-12 years, from 110 kg yr to
-1
85 kg yr . Sediment accumulation rates declined by 12% (876 ktons
-1
-1
yr to 770 ktons yr ), and the whole-basin mean Hg concentration
-1
-1
decreased from 125 ng g to 110 ng g . Reduced loads of Hg in the
Upper Mississippi River at Lake Pepin over the past decade probably
reflect further improvements in wastewater treatment and reduced
direct and indirect (i.e. atmospheric deposition) inputs, but may
also indicate declining contributions from contaminated legacy
sediments eroded from areas within and downstream of the Twin
Cities. The recent Hg accumulation rate in Lake Pepin remains well
-1
above the pre-settlement level there (3 kg yr ) and also far above
-1
the current rate observed in Lake St. Croix (7 kg yr ), a similar
natural impoundment on the nearby St. Croix River. While Hg
accumulating in the sediments of Lake St. Croix is derived primarily
from atmospheric inputs to the relatively undeveloped watershed,
the much higher Hg accumulation rate in Lake Pepin reflects
continuing large erosional inputs from row-crop agricultural areas
in the Minnesota River sub-basin and lingering inputs from the
dense urban area upstream.

REDUCED MERCURY UPTAKE IN SOFT TISSUES OF
TAPES PHILIPPINARUM FROM MARANO AND GRADO
LAGOONS (ITALY) DUE TO MERCURY RESISTANT
BACTERIA COLONIZATION
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(1) Scienze Molecolari e Nanosistemi, baldi@unive.it (2) Biologia
Evoluzionistica, Università di Firenze; (3) Scienze Molecolari e
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Mercury pollution at the Marano and Grado lagoons (Italy) is
caused by Isonzo river carrying cinnabar from Hydria mines
(Slovenia) and from outflows of a chloro-alkali plant,. Despite of
this contamination, clams (Tapes philippinarum) cultivation is one
of the main economical activities in the region. Recently, a study
performed by ISPRA (Istituto Superiore per la Protezione e la
Ricerca Ambientale) demonstrated that clams cultivated in different
stations of two lagoons did not accumulate total mercury and
methylmercury as might be expected. Hg contents in soft tissues of
cultivated and natural population of clams remained under values
within the law. Thus, we hypothesyze that this low Hg uptake, in
spite of sediments contamination should be the result of clamsbacteria symbiontic adaptation to Hg pollution. Natural clams were
collected in four out of 10 stations: M-2, M-4 from Marano and GD
and IGC from Grado Lagoons. Alive clams were sterile dissected
in siphon, gills, and epato-pancreas. The tissue was lain carefully
on solid Nelson medium amended with 5 mg.l-1 of HgCl2 and
incubated at 30°C. Fourteen bacterial colonies, growing directly on
soft tissue, were isolated and strains were identified by 16S DNA
sequencing and analysis, revealing that isolates were representative
of eight bacterial genera, four Gram-positive (Enterococcus,
Bacillus, Jeotgalicoccus and Staphylococcus) and four Gram-negative
(Stenotrophomonas, Vibrio, Raoultella and Enterobacter). Strains
were checked for plasmids and merA genes. Biochemical tests for
Hg reduction was performed with complete assay mixture amended
with NADPH in order to associate bacterial activity with elemental
Hg(0) production. Optical and transmission electronic microscopy
observations were performed to identify bacteria which colonize
soft tissue of clams. Endo-symbyontic bacteria were also observed
by TEM analyses. In conclusion, Hg-resistant bacteria play a role
in clam adaptation to Hg polluted in our areas and maintain Hg
concentrations in tissue under threshold values within the law by
enzymatic Hg reduction to volatile Hg(0).

MG7-P20
UPDATED HISTORY OF HG LOADING IN THE UPPER
MISSISSIPPI RIVER BASED ON RECENT SEDIMENT
CORES FROM LAKE PEPIN
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DEVELOPMENT AND APPLICATION OF THE SETAC-UNEP
GLOBAL MERCURY PARTNERSHIP
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harvard.edu (2) Society of Environmental Toxicology and Chemistry
Mercury deposition and contamination is widespread and welldocumented and continues to be a public-health issue of concern
for certain sectors of the global human population. In early
2013 the United Nations Environment Programme’s (UNEP)
internationally binding treaty on the control of mercury will be
signed. Documentation of the pervasiveness of this contaminant
is a first step toward understanding the potential environmental
health and ecological implications of mercury pollution and will
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be critical to the success of the UNEP program. Identifying broad
scale distribution patterns of mercury bioaccumulation can convey
to regulators that certain ecosystems may be degraded and require
development of policies and regulations that may reduce mercury
emissions, and ultimately, improve air and water quality. A more
synthesized, holistic, perspective on the mechanisms related to
aquatic and terrestrial biogeochemistry linkages of fate, transport,
and bioavailability of mercury in aquatic ecosystems will result
from long term, multi-ecosystem monitoring programs coupled
with process-oriented research questions. Here we identify UNEP
partnership goals, key topics, and highlight recent and relevant
scientific and mercury policy advances in the field. SETAC is
particularly looking to promote advances in mercury isotope
chemistry, new mercury source apportionment models, and a
well-defined Environmental Risk Assessment protocol for mercury.
Additionally, we outline the necessary steps for advancing and
developing SETAC’s contributions to the partnership and discuss
methods for identifying clear and measureable objectives.

FS15-O9
RELATION BETWEEN MERCURY AND SELENIUM
IN UMBILICAL CORD BLOOD, MATERNAL BLOOD
AND BREAST MILK IN PREGNANT WOMEN FROM
MEDITERRANEAN
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It is well known that an antagonistic effect exists between selenium
(Se) and mercury (Hg), and that Se can play a protective role against
Hg toxicity in organisms. In order to find an evidence for such
connection, total Hg and Se were determined in 1654 umbilical
cord blood samples, 1081 maternal blood samples, and 1051 breast
milk samples in pregnant women from Slovenia, Croatia, Italy and
Greece. Methyl mercury (MeHg) was determined in a subset of
samples (468 umbilical cord blood samples, 364 maternal blood
samples, and 268 breast milk samples). The study was part of a
research project within the EU 6th framework programme Public
health impact of long-term low-level mixed element exposure in
susceptible population strata (PHIME).
Total Hg and Se levels in cord blood of Slovenian women (Med 1.52
ng/g and 76 ng/g, respectively) were significantly lower compared
to the levels in women from Croatia (Med 2.94 ng/g and 96 ng/g,
respectively), Italy (Med 3.94 ng/g and 113 ng/g, respectively) and
Greece (Med 5.81 ng/g and 104 ng/g, respectively). Total Hg levels
in women from Greece were significantly higher than the levels in
women from other countries, while the Se levels were the highest
in women from Italy. Positive and significant linear correlation
between Hg and Se was found in cord blood, maternal blood and
breast milk of women in Slovenia, Croatia and Italy, while the
association was poor and insignificant in women from Greece.
Hg and Se were found to be associated also in blood of Slovenian
women aged 50-59 and children aged 6-11 from mercury mine area,
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but not in children from other areas of Slovenia. Se in maternal
and cord blood, but not in milk, was significantly correlated with
the intake of many food items in pregnancy. The strongest direct
associations regarded cheese and some vegetables (artichokes and
fennels). In addition, both Hg and Se were significantly associated
with fish consumption, possibly explaining correlations between
these two elements found in selected biomarkers. Nevertheless,
our observations might be also a consequence of a Se protective
mechanism against mercury toxicity in certain populations.
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THE ASSOCIATION OF MERCURY, FISH CONSUMPTION
AND CHILD DEVELOPMENT IN A MEDITERRANEAN
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The effects of prenatal mercury exposure through fish consumption
on neurodevelopment have been studied in several populations.
Yet, findings have been inconsistent, particularly when assessing
the effects of exposure to low mercury levels. To assess the effect
of low-level prenatal mercury exposure through fish consumption
on neurodevelopment among residents in Mediterranean regions
of Italy, Slovenia, Croatia and Greece, we conducted a prospective
cohort study within PHIME, a research project of EU Sixth
Framework. Main exposures were total mercury (THg) and
methylmercury (MeHg) concentration in mother’s hair in pregnancy
and in cord blood, and mother’s fish intake in pregnancy. Child’s
neurodevelopmental outcomes were Bayley III composite cognitive,
language, and motor scores at 18 months. Covariates included
pregnancy history, socioeconomic status, child characteristics,
breastfeeding, childcare, etc. Data were analyzed with multivariate
linear regression. 2189 mothers were enrolled in the study during
pregnancy. 1729 mother-child pairs provided information at child’s
birth. Follow-up at 18 months was 85%. The distribution of mother’s
hair THg (ng/g) was: mean 1023, median 729, 25pct 396, 75pct
1270, mean ratio MeHg/THg 0.90. Cord blood THg (ng/g) was:
mean 5.39, median 3.75, 25pct 1.87, 75pct 6.87, mean ratio MeHg/
THg 0.91. Spearman’s correlation between THg in hair and cord
blood was: r=0.81, p<0.0001. Mother’s consumption of fish (weekly
servings of 150g) was: mean 1.76, median 1.38, 25pct 0.92, 75pct
2.11. While unadjusted models showed a negative association of
Bayley cognitive score with THg (in both hair and cord blood) and
no association with fish consumption, after adjustment for country
and relevant covariates, Bayley cognitive score was no longer
associated with THg but positively associated with fish (b=0.8345,
p=0.0162). Bayley language score was positively associated with
fish consumption in both unadjusted and adjusted models but not
associated with THg. Bayley motor score was negatively associated
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with THg only in unadjusted models. In conclusion, in models
adjusted for country and other potential confounders, Hg in hair
and cord blood did not decrease Bayley scores and a moderate but
significant beneficial effect of fish consumption in pregnancy was
observed for cognitive and language development. Polyunsaturated
fatty acids (PUFAs) analyses in mother’s serum will evaluate
whether the effect of fish is mediated by PUFAs contained.

WS10-O1
MICROBIAL MERCURY METHYLATION: HISTORICAL
PERSPECTIVES, CURRENT UNDERSTANDINGS, AND
FUTURE DIRECTIONS
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Mercury methylation by anaerobic microorganisms was discovered
in the late 1960’s shortly after the severity of methylmercury
toxicosis was realized following the Minamata Bay incidence.
Initial research efforts were focused on the role of methanogens in
methylation due to the importance of transmethylation of negatively
charged methyl groups in their metabolism; these studies have
defined a role for methyl cobalamine (vitamin B12) as the methyl
donor in methylation. It was not until intact environmental samples
were examined that the surprising role of sulfate reducing bacteria
(SRB) in methylation was discovered and confirmed with pure
cultures and field investigations. A detailed mechanistic study
demonstrated that in Desulfovibrio desulfuricans methylation
occurred when a methyl group was enzymatically transferred to
2+
Hg rather than to CoA-SH in the acetylcoenzyme (CoA) pathway.
An elegant series of studies that combined chemical speciation
modeling with pure cultures and field observations identified
neutral and aqueous soluble complexes of Hg with sulfides as the
form that is available to methylating SRB by passive diffusion
through their cell envelope.
However, findings reported in the last decade showed that (i) iron
reducing bacteria that are affiliated with the Deltaproteobacteria
may methylate Hg, (ii) among some SRB, methylation may
not involve methyl B12 or the CoA pathway, (iii) there is little
relationship between the phylogeny of SRB and their ability to
methylate Hg, and (iv) active transport of thiolated Hg(II) is
involved in methylation. These observations have resulted in an
appreciation of how complex Hg methylation is; however, a clear
picture on the mechanism of methylation is yet to emerge. Future
studies based on these recent findings will be made even more
exciting by the availability of sequenced genomes of several Hg
methylating bacteria and the promise these hold for directed genetic
and biochemical studies on methylation. In addition, the diversity
of methylating microbes may be expanding with the discovery of
water column (aerobic?) methylation in the marine environment
and demonstrations of methylation by methanogens and by
syntrophic associations. Thus, new directions are opening that will
enhance the depth and breadth of our understanding of microbial
Hg methylation.

MG2-P2
A SPATIAL ANALYSIS OF MERCURY CONCENTRATION
AND ISOTOPIC RATIO IN LICHENS FROM SOUTH
WESTERN FRANCE (PYRÉNÉES-ATLANTIQUES)
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A recent study demonstrated that analysis of the dispersion
of mercury isotopes in epiphytic lichens can distinguish local
anthropogenic sources of contamination and background
atmospheric inputs (variable deficit in odd isotopes). The
project proposes to study the variability of mercury atmospheric
contamination in lichens of the Pyrénées-Atlantiques (South-West
of France), a mesoscale area exhibiting urban, rural, mountain
range and coastal land type. To this end, a purposive sampling was
conducted in the area including geographic information system
data output to take into account the different characteristics of such
as population density, water balance and distance to the ocean.
Different geographical areas were identified as urban, industrial,
agricultural and forest where various species of lichens were
collected such as Usnea sp., Evernia Prunastri, Parmelia Sulcata et
Lobaria pulmonaria, and mixed in order to be representative of the
biological diversity of each sampling site. Selected sample collection
was also carried out during two different seasons (spring and
fall). Comparison of mercury concentrations in lichens indicates
relatively low levels over the Pyrénées-Atlantiques indicating no
significant sources of contamination (from 0.038 to 0.160μg/g).
Nevertheless, the isotopic composition of lichens determined by
MC-ICP-MS may reveal a contribution of local sources for lichens
collected in urban and industrial zones. Instead lichens taken
away from these sources (agricultural and forestry areas) exhibit a
background pollution linked to global atmospheric mercury inputs.
This study demonstrates that mercury isotopic composition, in
opposition to mercury concentration, measured in lichens from
less polluted area may provide a better discrimination of mercury
atmospheric contamination pathways. The possibility of identifying
sources of contamination despite similar concentrations of mercury
in the investigated area will be discussed taking into account various
geographical parameters available from each sampling sites.
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DETERMINATION OF INORGANIC MERCURY IN FISH
LIVER BY DIRECT MERCURY ANALYZER
1

2

3

BARST, BD , HAMMERSCHMIDT, CR , CHUMCHAL, MM ,
4
5
1
SMITH, JD , RAINWATER, TR , DREVNICK, PE
(1) INRS-ETE, Université du Québec, benbarst@hotmail.com (2)
Department of Earth and Environmental Sciences, Wright State
University; (3) Department of Biology, Texas Christian University;
(4) Department of Biological Sciences & Institute of Applied Science,
University of North Texas; (5) Department of Obstetrics and
Gynecology, Medical University of South Carolina, Hollings Marine
Laboratory
Mercury is found in the environment in elemental, inorganic, and
organic forms. Methylmercury, the predominant organic form,
compromises the majority of mercury in fish muscle tissue (≥90%).
For this reason total mercury analysis is often substituted for the
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more time consuming and expensive methylmercury analysis
in fish muscle, while mercury speciation is reserved for analysis
of organs like the liver. The percentage of methylmercury in fish
liver is more variable and could be dependent on species-specific
physiology. Past research from our laboratory and others has linked
hepatic damage in fish with elevated hepatic inorganic mercury
concentrations. Knowledge of methylmercury and inorganic
mercury concentrations is therefore essential when studying hepatic
mercury toxicity in fish. Here, we present a quick and relatively
inexpensive method for inorganic mercury determination in fish
liver. This method involves microwave acid digestion, removal of
the methylmercury from the acid (with toluene) and analysis of
inorganic mercury in a diluted aliquot of the acid by Direct Mercury
Analyzer (DMA-80). We have demonstrated good reproducibility
and recovery of inorganic mercury. Methylmercury can also be
analyzed by DMA-80, after it is transferred from toluene to an
aqueous phase (L-cysteine solution), but recovery is low (<70%).
Instead, methylmercury concentrations can be calculated by
subtracting the determined inorganic fraction from total mercury
in the same sample. We are currently validating the method by
comparison with accepted techniques (GC-CVAFS and Thiourea
Complex IC-CVAFS).

TS5-O7
MERCURY IN PISCIVOROUS WILDLIFE FROM THE
GREAT LAKES REGION: SPATIOTEMPORAL PATTERNS,
EXPOSURE, AND ADVERSE EFFECTS
1

2

3

BASU, Niladri , BOWERMAN, William , EVERS, David , MARTIN,
4
5
4
Pamela , MEYER, Michael , SCHEUHAMMER, Tony , STROM,
5
Sean
(1) University of Michigan, niladri@umich.edu (2) Clemson
University; (3) Biodiversity Research Institute; (4) Environment
Canada
This talk will focus on the “wildlife” studies that are part of the
collaborative Project for Integrating Multimedia Measurements
of Mercury in the Great Lakes, sponsored by the Great Lakes
Atmospheric Deposition (GLAD) Program. The overall Project goal
is to compile, integrate, and interpret a wide variety of dispersed
Hg data holdings. Here, we present data from fish-eating wildlife
to address key questions concerning spatiotemporal patterns of
environmental Hg contamination and resulting health effects in
the Great Lakes region. The results presented follow 2+ year active
participation among academic, governmental, and NGO partners.
First we provide an overview of mercury and why it is of concern
to piscivorous wildlife particularly in the Great Lakes region. Next
we provide species-specific data concerning spatial and temporal
patterns of exposure. Data will be presented from common loons,
bald eagles, herring gulls, double crested cormorants, mink, and
river otters. The risks (classified as low, medium, high) associated
with these exposures will be characterized by comparing tissue
residue values with data from controlled laboratory studies on
common loons and mink. We will make judgments based on
impairments to reproduction and behavior as these are ecologically
relevant endpoints that can be scaled to population-level impacts.
Results from all species across multiple geographical regions will be
integrated to help document trends and patterns of mercury risk to
piscivorous wildlife. The information presented here is expected to
advance both policy development and scientific assessments regarding
mercury risks to piscivorous wildlife in the Great Lakes region.
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TS6-O2
EFFECTS OF MERCURY ON YELLOW PERCH (PERCA
FLAVESCENS) REPRODUCTIVE AND GENERAL HEALTH,
IN KEJIMKUJIK NATIONAL PARK AND HISTORIC SITE,
NOVA SCOTIA
1

1

BATCHELAR, Katharina L. , KIDD, Karen A. , MUNKITTRICK,
1
2
3
Kelly R. , DREVNICK, Paul E. , BURGESS, Neil M.
(1) Canadian Rivers Institute, University of New Brunswick,
k.fischer@unb.ca (2) INRS-ETE, Université du Québec; (3)
Environment Canada
Kejimkujik National Park and National Historic Site (KNPNHS),
located in southwestern Nova Scotia, Canada, has been designated
a Hg “hotspot” due to high concentrations of Hg found in common
loons (Gavia immer) and their main prey, yellow perch (Perca
flavescens) within the park. Concentrations of total Hg in yellow
perch in KNPNHS have increased over the last decade, and many
currently exceed the tissue threshold effect level for juvenile and
-1
adult fish of 0.2 μg Hg g (ww). To determine whether the elevated
Hg is negatively affecting the general and reproductive health of
this species, sexually mature male and female yellow perch were
collected in the fall of 2009 and 2010 from 12 lakes known to
contain perch with differing Hg concentrations. Several health
variables (condition, liver somatic index (LSI), gonadosomatic
index (GSI), macrophage aggregates, and oocyte development)
were examined in these fish, and compared between lakes. Mean
total mercury concentrations in dorsal muscle of these perch
-1
ranged from 0.08 – 2.13 μg Hg g (ww) (n = 17 to 51/lake) across
lakes. Significant among-lake, within sex differences in condition
and GSI do not appear to be related to muscle Hg concentrations,
and no effects of Hg on oocyte development were found. However,
LSI is positively related across lakes to total Hg in muscle, and the
proportion of macrophage aggregates (an indicator of oxidative
stress and tissue damage) found in the liver, kidney and spleen
were positively related to total Hg in muscle. Analysis of plasma sex
steroid concentrations, and the expression of stress related genes in
the liver, is ongoing. The effects of Hg seen in these wild perch may
be also occurring in other wild fish populations; a concern given
that Hg is a global pollutant.

RS4-O16
THE MEASUREMENT OF ORGANIC MERCURY SPECIES IN
THE ARCTIC TROPOSPHERE
1

1

BAYA, Anabelle Pascale , HINTELMANN, Holger
(1) Trent University, pascalebaya@trentu.ca

Mercury (Hg) exhibits long range transport due to its persistence in
the atmosphere and bio-accumulates in aquatic ecosystems in the
form of monomethylmercury (MMHg), the toxic form of mercury.
There are however uncertainties regarding the sources and fate
of MMHg in the ecosystem. Even if the atmosphere is the major
pathway of Hg contamination in the arctic, the direct atmospheric
MMHg contribution to the aquatic ecosystem is not well understood
due to the lack of known reliable measurement methods.
MMHg is formed by methylation of reactive mercury (Hg2+),
or demethylation of dimethylmercury (DMHg) in the aquatic
ecosystem. Various studies suggest that DMHg can be volatilized
from surface water. We hypothesized that atmospheric DMHg
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quickly degrades to MMHg in the atmosphere and is then deposited
to snow packs on ice fields. In this fashion, DMHg would be a major
source of MMHg to snow or the open water itself
An analytical method was developed to establish the presence of
organic Hg species in arctic air. The method is based on species
specific Hg isotopic dilution and online ethylation of MMHg from
air samples and trapping of ethylated MMHg and DMHg on Tenax
traps. This study presents for the first time concentrations of organic
mercury species (monomethylmercury and dimethylmercury) in
the arctic lower atmosphere measured during the CGCS Amundsen
expedition in summer 2010.
The Hudson Bay airshed is dominated by MMHg ranging from
3.9 – 8.1 (mean = 5.5 ± 2.0, n=6) pg/m3, while concentrations of
DMHg ranged from < LOD to 1.6 (mean = 2.8 ± 3.6, n = 5) pg/
3
m . In the high Arctic however, DMHg concentrations are highest
3
ranging from 1.8 to 9.6 (mean = 4.1 ± 2.3, n = 13) pg/m . MMHg
levels were significantly lower than those measured in Hudson Bay
3
ranging from < LOD to 5.2 (mean = 2.3 ± 1.8, n = 8) pg/m .This
supports the possibility that organic mercury species are volatilized
from the ocean and contribute to MMHg bio-accumulating in the
arctic ecosystem. The concentrations of organic Hg in water as well
as the extent of DMHg photodegradation may be important factors
affecting the organic Hg species concentrations. The potential
sources and factors affecting organic Hg species concentrations and
compositions in arctic troposphere will be further discussed in the
presentation.

RS1-P17
THE DEVELOPMENT OF AN ANALYTICAL METHOD TO
MEASURE ORGANIC MERCURY SPECIES (MMHG AND
DMHG) IN THE ARCTIC LOWER ATMOSPHERE
1

1

BAYA, Anabelle Pascale , HINTELMANN, Holger
(1) Trent University, pascalebaya@trentu.ca

A good knowledge of the processes and Hg composition in the
lower atmosphere is important to understand the cycle and bioaccumulation of momenethylmercury (MMHg) in the ecosystem.
The direct atmospheric MMHg contribution to the aquatic
ecosystem is unclear due to the lack of known reliable measurement
methods.
An analytical method to determine gaseous organic mercury
species concentrations namely monomethylmercury (MMHg)and
dimethylmercury (DMHg) in air was developed and successfully
used to measure organic Hg in the arctic troposphere during the
CCGS Amundsen expedition in 2010.
The method is based on species specific Hg isotopic dilution and
consists of collecting DMHg and MMHg (after inline ethylation
to MeEtHg with sodium tetraethylborate) from air samples on
Tenax traps. Up to 40 L of air are sampled and collected Hg species
from up to 4 field traps are desorbed onto an analytical Tenax trap
to form a composite sample. Isotope enriched gaseous MMHg
201
(MM Hg) and DMHg (DM198Hg) standards from a permeation
tube are mixed in-line with the air sample as a yield tracer to assess
the overall method performance. The analytical traps are stored and
later analyzed in the lab at Trent University by thermodesorption
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and introduced into a gas chromatograph connected to an
inductively coupled plasma mass spectrometer (GC-ICP/MS) for
separation and detection. Since the GC-ICP/MS method can detect
as little as 0.1 pg of Hg absolute, a 150 L sample volume translates to
3
an overall method detection limit of 0.7 pg/ m .
Using the method described above, MMHg and DMHg
concentrations were successfully measured and are presented for the
first time. It is observed that the organic species composition varies
among arctic regions, with a higher proportion of MMHg in the
3
Hudson Bay (mean = 5.5 ± 2.0, n=5 pg/m ), while concentrations
3
of DMHg were 2.8 ± 3.6 pg/m . In the high Arctic however, DMHg
3
concentrations are highest (mean = 4.1 ± 2.3, n = 13 pg/m ). MMHg
levels were significantly lower than those measured in Hudson Bay
3
(mean = 2.3 ± 1.8, n = 8 pg/m ).

RS9-O16
IMPACT OF DEFORESTATION ON TRANSFERS OF
TERRIGENOUS ORGANIC MATTER AND ASSOCIATED
MERCURY TO AQUATIC SYSTEMS IN THE BRAZILIAN
AMAZON: A LIGNIN BIOMARKER APPROACH
1

1

1

BÉLANGER, Emilie , LUCOTTE, Marc , OESTREICHER, Jordan ,
1
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MOINGT, Matthieu , DAVIDSON, Robert , GRÉGOIRE, Benjamin
(1) UQÀM, emilie.belan@gmail.com (2) UQÀM, Biodôme of
Montreal
In the Brazilian Amazon, studies have shown that recent
deforestation contributes to soil mercury (Hg) release trough
terrigenous fluxes of humus and soil materials to the aquatic
environment. As mercury contamination has become a problem to
human health trough fish consumption, it is of prior importance to
elucidate the dynamics of this diffuse pollution. Terrestrial organic
matter (TOM) is known as an important transportation vector of
soil Hg. The aim of this study was to investigate the movements of
organic matter and its associated Hg from the watershed to aquatic
systems. The natural dynamics of drainage basins are being modified
by local small-scale farmers using slash-and-burn practices to
convert forest into agricultural lands, pastures and fallows. Lignin
biomarkers were used to trace back the respective inputs of TOM
from each land use to the water system of the Tapajos River (state
of Pará). Samples of vegetation (leaves and bark) were collected in
order to establish the specific lignin signature of the different land
covers (agrarian soils, pasture, fallows and forest). Six sediment
cores from the floodplain lakes and 33 soil cores from the region
were retrieved and analyzed for Hg and lignin biomarkers. In
complement, suspended particulate matter was collected with
tangential flow filtration in 4 lakes of the watershed and analyzed
in a similar way. Our results show a link between TOM fluxes
and sedimentary Hg concentrations. A general increase of THg
concentrations in most recent sediment was noted, with maximum
values ranging up to 310 ng/g in the most deforested areas.
Establishing the dynamic portrait of Hg movements in the newly
colonized watersheds of the Amazon could lead to the development
of conservation measures adapted to this environment.
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FG10-O10
MERCURY VERTICAL TRANSPORT IN THE STRATIFIED
WATER COLUMN
1

2

BEŁDOWSKI, Jacek , BELDOWSKA, Magdalena , KULIŃSKI,
1
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Karol , MIOTK, Michał , MASSEL, Stanisław , SAGAN, Sławomir
(1) Institute of Oceanology PAS, hyron@iopan.gda.pl (2) University of
Gdansk
Mercury is characterized with a high affinity for particulate matter
in the aquatic environment. It is adsorbed on the surface of organic
matter rich particles or absorbed by the phytoplankton. In the
course of sedimentation part of this metals is liberated into the
water column as dissolved species. Those processes are specially
intensive when suspended matter settling is hindered due to salinity
or temperature gradients, influencing the density of seawater. Baltic
Sea is characterized by both seasonal and permanent stratification.
A seasonal thermocline is present at a depth of c.a. 10 meters,
while a permanent halocline is usually located at the depth of to
50 meters. A limited water exchange with the North Sea, with no
through mixing leads to hypoxia and anoxia in the bottom waters.
Hence, density gradients in the Baltic Sea bottom waters are often
accompanied by a change of redox conditions – which makes
species transformation even faster. Profiles of mercury dissolved
and particulate forms have been analysed in order to assess the
magnitude of this process at different regions of the southern Baltic
Sea prior to and during phytoplankton blooms in years 20082010. They are presented against background of particulate and
dissolved organic carbon (POC, DOC) and SPM profiles. Suspended
matter settling speed was calculated according to modified NavierStokes equation, to estimate the rate of mercury solid/dissolved
partitioning. Mercury proved to be sensitive to the presence of
phytoplankton, magnitude of solar radiation and water column
stratification. It has been estimated, basing on high resolution
profiles, that up to 60% of the initial metal concentration is removed
to the water column after passing through a density anomally.

TS8-P6
VARIATIONS OF HG IN CULTIVATED SOILS DURING THE
FIRST YEAR UPON IMPLEMENTATION OF TRADITIONAL
AND IMPROVED AGRICULTURAL SYSTEMS, IN THE
BRAZILIAN AMAZON
1

1
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BÉLIVEAU, Annie , LUCOTTE, Marc , DAVIDSON, Robert ,
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PAQUET, Serge
(1) Université du Québec à Montréal, beliveau.annie@gmail.com (2)
Université du Québec à Montréal, Biodôme de Montréal
Previous research has shown that the conversion of the Amazon
forest into agricultural lands through slash-and-burn practices,
causing the release of natural soil mercury (Hg) towards aquatic
environment, has important impacts on ecosystems and human
health. Local communities are exposed to this contaminant via fish
consumption. As recent studies suggested that soil Hg mobility
could be related to the massive cations input resulting from biomass
burning, the adoption of agroforestry systems based on a nonrecurrent use of fire could be an alternative to traditional slash-andburn cultivation. Our objective was to compare soil Hg changes and
distribution one year after forest clearing, in two types of cultivation
systems, as an effort to encourage the adoption of more sustainable
land-use practices in the Amazon. Our results showed that, at initial
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state (before cultivation), no regional gradient existed in soil Hg
levels and that clayey soils had higher total Hg levels (most Hg was
adsorbed on soil fine particles). An inverse relationship between
initial cations and Hg was also observed, suggesting a competition
for adsorption sites in soil fine particles. One year after forest
clearing, in both types of agricultural systems, signs of Hg mobility
was detected at soil surface (0-5cm). In slash-and-burn cultivation
sites, a shift in Hg soil fractions occurred at surface horizon. Indeed,
a transfer of Hg from fine to coarser soil (and less reactive) particles
was observed, indicating that chemical bonds between Hg and fine
particles could have been altered. This early Hg mobility in the
soil suggests that Hg release would probably occur as agricultural
activities go on. In agroforestry systems, Hg loss was observed in
surface horizon for clayey soils and in deep horizon for sandy soils.
This Hg loss occurred in first year of cultivation, reflecting similar
patterns of those observed in traditional agriculture at this early
stage, which could be explained by the use of fire to implement
the agroforestry plantations. This study reinforces the assumption
that the act of burning is of primary importance for soil Hg release,
and justifies promoting agricultural practices based on a reduced
use of fire in order to lower negative impacts of land use on soils,
ecosystems and human health.

RS19-P1
ADOPTION OF PRACTICES AIMING AT REDUCING SOIL
HG MOBILITY: THE CHALLENGES OF PROMOTING
SUSTAINABLE AGRICULTURE IN THE PLUPH
PROJECT, LINKING HUMAN HEALTH, LAND USE
AND ENVIRONMENTAL CHANGE, IN THE BRAZILIAN
AMAZON
1

1

1
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Johanne
(1) Université du Québec à Montréal, beliveau.annie@gmail.com
By causing the release of natural soil mercury (Hg) towards aquatic
environment, the conversion of the Amazon forest into agricultural
land has important impacts on ecosystems and human health. As
recent studies suggested that soil mercury mobility could result
from biomass burning, the implementation of agro-forestry systems
could be an interesting alternative to traditional slash-and-burn
cultivation to reduce Hg loss. One of the objectives of the PLUPH
project is to use Hg human exposure related to environmental
change as a lever to promote the adoption of sustainable farming
practices, as alternatives to slash-and-burn agriculture, in the
Amazon. Rural communities of the Tapajós Region (Brazil)
participated in this study. With the collaboration of villagers,
three types of agroforestry systems were implemented in 2009.
These systems are expected to have a lower negative impact on
the environment and on human health, as they may contribute to
the diminution of soil erosion and to the retention of soil Hg. Soil
samples collected in four agroforestry systems during two sampling
campaigns (when they were newly deforested, and after one year of
cultivation) showed that a loss of soil Hg occurred at soil surface,
suggesting a transfer of the contaminant towards the aquatic
environment in the first year of cultivation, which is probably related
to the use of fire to clear the forest. Several community workshops
were done to discuss the relationships between Hg exposure and
agricultural practices. Also, focus groups were realised with different
groups of participants in order to better understand local perception
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and knowledge concerning the relationships between environmental
change and human health. Furthermore, semi-directed interviews
were conducted in order to investigate farmer’s perceptions about
experimenting with agricultural practices that could contribute
to enhance Hg retention in agricultural soils. The results showed
a marked difference of vision between local communities and
researchers regarding their comprehension of the relation between
health problems and environmental degradation, and about the
possible ways to address the situations. The different visions, as well
as the farmer’s perceptions about the benefits and disadvantages of
traditional and alternative agriculture, have to be taken into account
when implementing projects aiming at addressing human health
risks such as Hg exposure, and their relationships with land use
practices.

TS10-P3
EFFECT OF SELENIUM ON THE METHYLATION OF
MERCURY BY THE SULFUR-REDUCING BACTERIUM
DESULFOVIBRIO DESULFURICANS
1

BELZILE, Nelson
(1)Laurentian University, nbelzile@laurentian.ca
The mercury methylation activity of the sulfur-reducing bacterium
Desulfovibrio desulfuricans was investigated at environmentally
relevant levels of mercury and under controlled laboratory
conditions. Particular attention was given to the role of sulfur and
selenium on the availability of Hg for the methylation process. A
poisoning effect of hydrogen sulfide that evolved during incubation
was observed and eventually eliminated with a chemical trap.
The formation of methyl mercury was remarkably reduced when
selenite was introduced in the culture medium. A proteomic study
using polyacryamide 2D gel electrophoresis and mass spectrometry
showed repeatedly that, proteins responsible for regulating other
enzymes involved in methylation, had disappeared in culture
medium containing selenite. Volatile forms of selenium, probably
dimethylselenide also evolved during anaerobic culture incubations.

MS11-P6
INTERACTIONS BETWEEN SE AND HG IN AQUATIC
ANIMALS
1

BELZILE, Nelson
(1) Laurentian University, nbelzile@laurentian.ca
Lakes around Sudbury, Canada contain Se at higher than
background levels which decrease with distance away from the
centre of the mining and smelting activities. This creates an ideal
site for studies on the interactions between Se and Hg in aquatic
organisms. It has been demonstrated in our field studies that the
presence of Se in lake water decreases the mercury assimilation
and methylation in fish and other aquatic organisms. A reverse
relationship between total/methyl mercury and Se in fish and its
different organs and in various species of aquatic invertebrates
has been systematically observed. In a study with different fish
organs, it was also observed that a drastic drop in the proportion of
methylmercury over total Hg occurred when Se concentration in
lake reached a certain level, suggesting the existence of threshold
concentrations of Se in triggering a demethylation process within
living organisms. Furthermore, our recent study with mute swan
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shows a clear positive correlation between Se and Hg. The capture
birds from Lake Erie and Lake St. Clair did not demonstrate any
obvious physical stress from accumulated Se.

TS7-P3
DEVELOPMENT OF A MERCURY LOAD MODEL USING
TOPMODEL AT MCTIER CREEK, SOUTH CAROLINA
1

1

1

BENEDICT, Stephen T , FEASTER, Toby D , BRADLEY, Paul M ,
1
CONRADS, Paul A
(1) US Geological Survey, benedict@usgs.gov
McTier Creek is a small watershed located in Aiken County, South
Carolina and forms part of the headwaters for the Edisto River
basin. The Edisto River basin is noted for having some of the highest
measured fish-tissue mercury concentrations in the United States.
In an attempt to improve the understanding of the factors causing
these high mercury levels, the National Water-Quality Assessment
Program of the U.S. Geological Survey conducted an extensive
field investigation of mercury in the McTier Creek ecosystem.
This investigation included the collection of hydrologic, biologic,
and water-quality data as well as the development of a number of
hydrologic and water-quality models. One modeling effort involved
the development of a simple water-quality load model that utilized a
mass-balance equation in conjunction with hydrologic simulations
from the topography-based hydrological model (TOPMODEL).
Several variants of this load model were developed including
one, called TOPLOAD, which utilized the simulated surface and
subsurface flow components taken directly from TOPMODEL. A
second variant, TOPLOAD-H, added a groundwater partitioning
algorithm (Hornberger and others, 1994) to TOPMODEL, thereby
providing for multiple groundwater flow components. A brief
description of the development of these simple mercury load models
and results of the simulation in the McTier Creek basin will be
presented.
Reference:
Hornberger, G.M., Bencala, K.E., and McKnight, D.M., 1994,
Hydrological controls on dissolvedorganic carbon during snowmelt
in the Snake River near Montezuma, Colorado: Biogeochemistry, v.
25, p. 147–165.

RG8-P12
SEASONAL MERCURY CYCLING IN A NEW ENGLAND
VERNAL POOL
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BENOIT, J.M. , DENISON, Katherine , SACHA, Nicole
(1) Wheaton College, jbenoit@wheatonma.edu

Vernal Pools are small, shallow water bodies that commonly
occur in wooded areas, possess no permanent inlet or outlet, and
lack established fish populations. These seasonally-flooded pools
support a rich invertebrate fauna, and they are critical habitat
for amphibians. Although the ecology of vernal pools has been
extensively studied, little is known about the cycling of mercury
in these ecosystems. In our year-long investigation in Wheaton’s
vernal pool in Norton, Massachusetts, we collected fresh leaf litter
(litterfall) depositing on the pool between October 6 and December
1, 2010. Preliminary estimates indicate that the litterfall fluxes of
total mercury (HgT) and methyl mercury (MeHg) were 11 ug m-2
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and 80 ng m-2, respectively, over that time period. About 0.7% of
the HgT in litterfall was present as MeHg In order to determine
the extent of MeHg production after deposition, we also collected
detrital leaf litter year-round from the floor of both the vernal pool
and the surrounding forest. The pool began to fill with water in
mid-November and was completely filled by early January 2011.
HgT concentrations in the litter layer increased slightly throughout
the year, reaching 60±20 ng/gdw inside and 59±7 ng/gdw outside
the pool. MeHg concentration remained at a relatively constant 1%
in leaf litter on the forest floor. In contrast, MeHg concentrations
increased in the vernal pool shortly after inundation, reaching 8%
of HgT by early spring. Preliminary studies on pool invertebrates
show that two detritivore groups, scuds (Amphipoda) and sow bugs
(Isopoda), bioaccumulated MeHg about 8-fold relative to the leaf
litter substrate. Overall, our results indicate significant production
and bioaccumulation of MeHg in Wheaton’s vernal pool. This MeHg
could be exported to the surrounding forest through the food web.
We plan to quantify export of MeHg via emergent insects in the
second spring of the study.

RS4-O13
MERCURY IN THE EUROPEAN ARCTIC: WHAT WE KNOW
FROM OBSERVATIONS IN NY-ÅLESUND, SVALBARD
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BERG, Torunn , HOLE, Lars R. , PFAFFHUBER, Katrine Aspmo ,
4
STEEN, Anne Orderdalen
(1) NTNU, torunn.berg@chem.ntnu.no (2) Norwegian Meteorological
Institute; (3) Norwegian Institute for Air Research; (4) Norwegian
University of Science and Technology
Intense research on mercury in Ny-Ålesund, Svalbard has revealed
new aspects of importance to the fragile Arctic ecosystem.
Atmospheric mercury speciation measurements were startet up
in April 2007 at the Zeppelin air monitoring station. Based on the
second longest time series of composite gaseous elemental mercury
(GEM), reactive gaseous mercury (RGM) and particulate mercury
(PHg) measurements available from an Arctic site a clear seasonal
variation was uncovered. It is well accepted that parts of GEM is
converted to RGM and PHg during the annual recurring springtime
phenomenon AMDE. Increased PHg concentrations occurred
almost exclusively during intense AMDEs from March through
April, and constituted on average 75% of the reactive mercury
species during the respective period. Increased RGM concentrations
occurred from March through August. The prolonged period with
increased RGM concentration denotes more mercury deposited to
the Ny-Ålesund environment than first anticipated.
According to what previously known increased GEM fluxes were
measured by a GEM flux gradient method during springmelt in
late May. Low total Hg concentrations in meltwater collected from
the onset of snowmelt question the importance of meltwater in
delivering a significant amount of mercury to the Arctic Ocean (i.e.
ionic pulse or spring event). It seems likely that parts of the mercury
accumulated in the snowpack is released to the atmosphere upon
snowmelt (as indicated by the increased GEM flux), well before
meltwater reach marine ecosystems.
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Significant GEM fluxes were observed from mid June through
December. It was speculated whether the GEM flux observed
during the non-AMDE period could reflect the background GEM
flux under the influence of the fluctuating background GEM
-3
concentration in the northern hemisphere (1.5 - 1.7 ngm ).
The Hg speciation measurements as well as the GEM flux gradient
measurements in Ny-Ålesund are still ongoing.

RS9-O11
PROCESSES AFFECTING FLUX OF TOTAL MERCURY,
METHYL MERCURY, AND DISSOLVED ORGANIC CARBON
FROM TIDAL MANGROVES IN THE SHARK RIVER,
EVERGLADES NATIONAL PARK, FLORIDA, USA
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1
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(1) USGS, bbergama@usgs.gov (2) Florida Gulf Coast University; (3)
Florida Fish and Wildlife Conservation Commission
Elevated mercury levels have long been reported in the foodwebs
of the Florida Everglades and adjacent coastal waters. However,
processes affecting mercury species distribution within the
Everglades and fringing mangrove marsh remain poorly
understood. Mangroves are of particular interest because their
high organic matter inputs, high reported rates of sulfate reduction
and high reported methyl mercury concentrations suggest methyl
mercury production is high, while concentrations of mercury in fish
tend to be lower with proximity to the coast.
In this study, we sought to improve our understanding of processes
controlling production and transport of DOC and mercury species
from tidal mangrove environments into adjacent aquatic systems,
Everglades marshes, or the Gulf of Mexico. We sampled the Shark
River in Everglades National Park over a two day period, and
continuously measured discharge and fluorescent dissolved organic
matter (FDOM) over a two week period in September of 2010.
We observed strong significant relationships between FDOM and
2
2
DOC (r = 0.99), between FDOM and filtered total Hg (r = 0.82),
and between FDOM and filtered MeHg (r2 = 0.90). Relationships
between FDOM and particulate mercury species were not
significant.
The strong relationships between the dissolved materials and FDOM
allowed us to calculate the tidal fluxes as a product of the continuous
measurements of FDOM and discharge. Areal fluxes were estimated
as a function of tidal exchange volume and change in tide height.
-2 -1
Calculated areal fluxes of DOC (~0.8 g C m d ) are similar to
-1
global estimates of DOC flux from mangroves (~0.6 g m-2 C d )
and to fluxes previously reported from a Shark River mangrove
-1
mesocosm (~0.8 g C m-2 d ). However, areal fluxes of dissolved
mercury species – ~136 ng m-2 d-1 for dissolved Hg and ~0.8 ng
-2 -1
m d for dissolved MeHg - were 10 to 100 times greater than
values previously published for wetlands, but similar to tidal fluxes
measured by us in a San Francisco Bay tidal wetland.
These results indicate that tidal transport of mercury species
from tidal mangrove marshes can represent large sources of
total and methyl mercury to local aquatic systems and coastal
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foodwebs, with the magnitude of transport related to the physical
dynamics. These results also demonstrate the utility of using in situ
optical measurements in combination with physical dynamical
measurements to understand DOC and Hg processes in tidal
environments.

MS11-O15
INTERACTIVE EFFECTS OF MATERNAL AND DIETARY
MERCURY EXPOSURE HAVE LATENT AND LETHAL
CONSEQUENCES FOR AMPHIBIAN LARVAE
1

1

1

BERGERON, Christine , HOPKINS, William , TODD, Brian ,
1
2
HEPNER, Mark , UNRINE, Jason
(1) Virginia Tech, cbergero@vt.edu (2) University of Kentucky
Depending on their life history, organisms may be exposed both
maternally and environmentally to contaminants, potentially
placing them at greater risk of adverse effects than when exposed
via either of the two pathways independently. Although adverse
effects of maternally-derived contaminant exposure have been well
documented, our study is one of the few to investigate the individual
and combined effects of maternally- and environmentally- derived
contaminants during critical periods of development. Amphibians,
with their complex life cycles, provide an especially good model
to study the context specificity of immediate and latent effects
of one or more routes of contaminant exposure. We examined
whether embryonic exposure to maternally-derived mercury (Hg)
interacts additively or synergistically with dietary exposure to
negatively influence larval development in American toads (Bufo
americanus). We collected eggs from breeding pairs at reference and
Hg-contaminated sites (20.6 ± 1.3 and 149.1 ± 18.0 ng/g total Hg,
respectively) from our field site on the South River, VA (USA) and
monitored performance, development, and survival of larvae fed
three experimental Hg diets (total Hg: 0.01, 2.5, and 10 μg/g) with
environmentally relevant methylmercury (MeHg) concentrations.
The resulting average total Hg concentrations in metamorphs
ranged from 50 ng/g (75% MeHg) to 1,800 ng/g (30% MeHg). We
observed negative sublethal effects of both maternal and dietary
Hg exposure routes on larval development, specifically growth,
duration of metamorphic climax, and swimming performance. The
effects of maternal and/or dietary Hg manifested differently, but
maternal Hg exposure had a greater overall influence on offspring
health than dietary exposure. However, the combination of sublethal
effects of the two exposure routes acted synergistically, with lethal
consequences; larvae exposed to maternal Hg and high dietary
Hg experienced 50% greater mortality compared to larvae from
reference mothers fed the control diet. Our study is one of the first
to demonstrate that the latent effects of maternally transferred
contaminants may be exacerbated by further exposure later in
ontogeny, findings that may have important implications for both
wildlife and human health, and further emphasizes the importance
of investigating the effects of environmentally relevant routes of
contaminant exposure over multiple early life stages.
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MG2-O3
THE EXPLORATION OF THE SIGNATURES OF MASSINDEPENDENT FRACTIONATION OF MERCURY
1

1

BERGQUIST, Bridget A. , GHOSH, Sanghamitra , CHANDEN,
1
1
2
Priyanka , ROSE, Carla , BLUM, Joel D.
(1) University of Toronto, bergquist@geology.utoronto.ca (2)
University of Michigan
The recent discovery of both large mass-dependent fractionation
(MDF) and mass-independent fractionation (MIF) of Hg isotopes
has made the promise of tracing Hg in the environment and in
food webs very exciting. In order to utilize Hg isotopes, it is
necessary to understand mechanisms of fractionation along with
the environmental factors that affect the expression of isotopic
fractionation. Currently it is thought that Hg isotope fractionation
is driven by three mechanisms: (1) classical MDF, (2) the magnetic
isotope effect (MIE), and (3) the nuclear volume effect (NVE).
The MIF observed for Hg isotopes is thought to arise either from
the MIE, which is due to the non-zero nuclear spin and nuclear
magnetic moments of odd-mass isotopes, or the NVE, which
arises from the non-linear scaling of nuclear volume with mass for
heavy isotopes. Distinguishing MIE and NVE is difficult because
both predict MIF for only the odd isotopes. However it may be
possible to distinguish between these mechanisms and different
biogeochemical transformations of Hg using both the magnitude
199
201
of MIF observed and the Δ Hg/Δ Hg ratio. Results of recent
experiments to characterize MIE and NVE for Hg reactions will be
discussed.
So far, the only processes demonstrated experimentally to produce
large MIF for Hg (>1‰, similar in magnitude to the MIF observed
in natural samples such as fish) are photochemical processes. The
first experiments that demonstrated MIF for Hg isotopes were
for aqueous photo-reduction, and it was suggested that the cause
of MIF was the MIE. We have continued to investigate photoreduction and the factors that affect photo-reduction. Experiments
were performed investigating the frequency and intensity of light
available and the amount and type of dissolved organic matter.
We observe a relationship between the magnitude of MIF and the
energy of light available, and the type and amount of DOC also
affect MIF. We have also investigated aqueous photo-oxidation and
observe large MIF for this process. Additionally, MIF is observed
dark kinetic reactions. With large MIF, it is likely that the cause is
MIE. However with smaller MIF (<0.5‰), the NVE could also
be responsible for MIF. To confirm theoretical predictions of the
isotopic signature of the NVE for Hg, we investigated mercury
liquid-vapor evaporation under equilibrium conditions in the dark
at room temperature (similar to Estrade et al., 2008). These Isotopic
199
201
results and their Δ Hg/Δ Hg ratio Hg ratios will be discussed.
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TS17-O16
EFFORTS TO REDUCE MERCURY EMISSIONS FROM
ARTISANAL AND SMALL-SCALE GOLD MINING –
UNIDO’S PERSPECTIVE
1

BERNAUDAT, Ludovic A
(1)UNIDO, L.Bernaudat@unido.org
Although its definition may lead the public to think that its scale is
limited, Artisanal and Small-Scale Gold Mining (ASGM) produces
up to 30% of the annual gold output employing more than 10
million miners in over 65 countries. For the sector, mercury
amalgamation remains the method of choice to extract gold
from the ore and because of generally low technical awareness,
unnecessary high quantities of mercury are used with almost
all ending up in the environment. However, successfully and
sustainably transferring new techniques is not trivial. As they
generally have low level of technical expertise, miners learn by
example and the acceptance of a new technique is a long learning
process. UNIDO, as the UN organisation dealing with industrial
activity, has been actively involved in ASGM projects for more
than 15 years. Although ASGM interventions have to be holistic
as it arises from and is the source of a number of issues, technical
assistance is always at the center of UNIDO’s interventions.
UNIDO’s strategy is to first transfer technologies to ensure that the
sector drastically reduces its mercury emissions and then to assist
miners to move to non-mercury techniques. In the ore processing,
two steps are responsible for the majority the emissions: metallic
mercury is released to the water body during the amalgamation
process and mercury vapours are released during amalgam burning.
For the first step, UNIDO’s projects concentrate in eliminating
the worst practices such as whole ore amalgamation and instead
promote pre-amalgamation ore concentration reducing the amount
of mercury needed followed by controlled amalgamation in
dedicated vessels or cemented pools, depending on the amount to
process. For amalgam burning, UNIDO promotes the replacement
of the traditional open burning with the utilisation of locally made
retorts allowing mercury recycling. In any case, for a technology
transfer to be successful, the new equipments have to be built locally.
For more advanced sites, replacement with non-mercury techniques
is also possible. UNIDO is now working with its partners in the
UNEP Global Mercury Partnership to develop more projects and
encourage replication.
A separate presentation is planned in session 18.

TG5-O3
A COMPREHENSIVE EVALUATION OF THE IMPACTS
OF HYPOLIMNETIC OXYGENATION ON MERCURY
CYCLING IN THE AQUATIC ECOSYSTEM OF TWIN LAKES,
WASHINGTON
1

1

1

DENT, Stephen , BEUTEL, Marc , MOORE, Barry ,
2
SHALLENBERGER, Ed
(1) Washington State University, sdent@wsu.edu (2) Confederated
Tribes of the Colville Indian Reservation
The accumulation of mercury in freshwater aquatic food webs is
a widespread and growing health concern as nearly one-third of
lakes in the US have fish consumption advisories in place due to
elevated concentrations of mercury in fish tissue. Ionic mercury
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deposition, primarily sourced from coal fired power plants, enter
aquatic ecosystems within freshwater lakes, and given the right
anaerobic conditions is converted to the more toxic and bioavailable
methylmercury (MeHg). MeHg can partition to organic seston
such as algae, and subsequently biomagnify up the aquatic food
web, where seemingly harmless levels in the water can concentrate
into potentially toxic levels in fish tissue. North and South Twin
Lakes, WA, are moderately deep (Zmean ~10 m; Zmax ~ 15 m),
meso-eutrophic, dimictic lakes that exhibit seasonal hypolimnetic
anoxia during summer thermal stratification . Beginning in 2009,
a hypolimnetic oxygenation system was operated in North Twin to
help improve the lakes coldwater fishery. The objective of this study
was to evaluate spatial and temporal patterns of the total and methyl
mercury in the water column and zooplankton before and after the
implementation of hypolimnetic oxygenation in North Twin Lake in
2009, using South Twin as a untreated nearby reference lake. In 2008
prior to oxygenation, peak levels of methylmercury in anaerobic
bottom waters of North and South Twin Lakes were 0.4-0.6 ng/L.
In 2009 levels were < 0.05 ng/L in oxygenated North Twin Lake,
but were again elevated in anaerobic bottom waters of South Twin
Lake. Metals analysis shows a decrease in iron and manganese
above the sediment water interface but an increase in the upper
hypolimnion in response to oxygenation. This may be due to a still
anoxic sediment water interface, as seen in the dissolved oxygen
profiles, and the upward advective movement of the bubble plume.
Regarding zooplankton, total mercury was significantly higher
towards the end of the season in zooplankton from oxygenated
North Twin Lake relative to non-oxygenated South Twin Lake in
both 2009 and 2010. Methylmercury data for zooplankton and
other pending results will be presented. This study sheds light on
the complex, and at times counterintuitive nature of mercury’s
biogeochemistry and bioaccumulation in freshwater lakes.

TS10-P6
ANALYTICAL PROBLEMS TO QUANTIFY MERCURY
REDUCTASE ACTIVITY AND USE IT TO ASSESS BACTERIA
POTENTIAL FOR BIOREMEDIATION OF MERCURY
POLLUTION
1

2

BEZERRA, Adriana L , SILVA FILHO, Moacelio V , BARROCAS,
1
1
3
Paulo R , VASCONCELLOS, Ana C , DUQUE, Sheila S , REBELLO,
4
Raquel C
(1) Department of Sanitation and Environmental Health, ENSPFiocruz, adrianalima@ensp.fiocruz.br (2) CESTEH, ENSP-Fiocruz;
(3) IOC, Fiocruz; (4) Biology Department, ENSP-Fiocruz
Mercury-resistant bacteria isolated from the environment have
been shown to be a very promising tool to bioremediate mercury
pollution. The most common microbial resistance mechanism is
the transformation of Hg(II) compounds to elemental mercury
(Hg0). This biotransformation is catalyzed by the enzyme mercury
reductase (MR), product of merA gene. This study reports the
analytical problems to quantify MR activity and use it to assess
bacteria potential for Hg bioremediation. Two standard Escherichia
coli samples (ATCC 35218–Hg resistant strain and ATCC 23724–Hg
sensible) and one wild strain (Leclercia adecarboxylata) were used
in this research. The main steps in the protocol to quantify MR
activity are: 1) Bacteria cells cultivation until mid-log exponential
growth, to ensure the same physiological state; 2) Standardization of
cell biomass amount that are harvest for the bioassays; 3) Disruption
of the bacteria cells, avoiding the presence of viable cells; 4) Isolation
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of soluble fractions by centrifugation; 5) Measurement of the MR
activity. Each of these steps were tested and the main results were:
1) The generation time (38-41min) was determined for all bacteria
tested, after a maximal of 5 hours of cell growth, with or without 5
μM of Hg added to the medium; 2) Cell biomass was washed with
saline until supernatant had at most 0.1g/L of proteins and diluted
to an absorbance of 5.0 at 600nm; 3) The use of glass beads and
vortex for cell disruption did not cause a significant cell death and
produced turbid homogenates with very variable protein levels;
4) Soluble fractions need to be obtained after a centrifugation of
at least 30 minutes at 35,000g; 5) Photometric studies of the MR
reaction kinetics showed that Hg(II) reacts with NADPH and with
components of bacterial soluble fractions. To avoid interferences,
the protocol to measure MR activity needs: a) Checking out
NADPH concentration in the reaction medium, by measuring
absorption at 340nm, before use; b) Pre-incubating samples
with reaction medium for at least 20 minutes; c) Starting the MR
reaction by Hg(II) addition, recording A340nm for more 20min. The
Absorbance dropped down very fast during the first minutes after
Hg(II) addition, as result of Hg(II) reduction. Then, it decreased
linearly for the rest of time reaction. For the MR quantification, this
linear part of the reaction should be used to avoid mistakes.

PCBs/dioxins/furans were to decrease below their consumption
guidelines. Using Ontario Ministry of the Environment (OMOE)
fish mercury measurements and consumption guidelines, we
developed consumption advisories for the Canadian Great Lakes
based only on mercury levels (i.e., ignore other contaminants).
Restrictions on fish consumption from this “Hg-only” scenario
were compared with the current restrictions advised for the
Great Lakes fish. The overall results suggest that the percentage
of advisories resulting in partial or complete restrictions for the
general population would decrease from 39%, 44%, 59% and
66% to 7%, 3%, <1%, and 5% for Lakes Superior, Huron, Erie and
Ontario, respectively. There would be no restriction for the general
population on consumption of pink, coho and Chinook salmon. For
various blocks considered in the Canadian Great Lakes advisories,
Peninsula Harbour would be the only block with >15% (33%)
restriction.

TS5-P3
CHANGES IN MERCURY LEVELS IN GREAT LAKES FISH
BETWEEN 1970S AND 2007
1

TS8-P10
ACCUMULATION OF ATMOSPHERIC MERCURY IN
FOREST CANOPIES
1

2

2

BHATTI, Jagtar S. , NASR, Mina , ARP, Paul A. , NOSEWORTHY,
2
Josh
(1) Canadian Forest Service Natural Resources Canada, Jagtar.
Bhatti@NRCan-RNCan.gc.ca (2) University of New Brunswick
Forests are found as significant scavengers and storage of mercury
(Hg) in watersheds. This study aimed forest biomass modelling
to quantify the extent of accumulation and release of mercury in
softwood and softwood-mixedwood stands. Within this modeling
framework, atmospheric Hg scavenged by the forest canopy is
allocated to the foliage, wood, forest floor and roots components.
Also considered is the turn-over of the accumulating forest biomass
and biomass-attached Hg into soil organic matter, and the recycling
of Hg that is already present in the soil, assuming steady-state
conditions. Soil weathering rate, litterfall, decomposition rate, forest
floor and soil biomixing, fire cycle, and surface evasions including
surface volatilization and fungi and ground vegetation uptake are
included in the model.

TS5-P4
MERCURY IN CANADIAN GREAT LAKES FISH: A
CONCERN FOR HUMAN CONSUMPTION?

2

BHAVSAR, Satyendra , GEWURTZ, Sarah , MCGOLDRICK,
2
2
1
Daryl , KEIR, Michael , BACKUS, Sean
(1) Ontario Ministry of Environment, satyendra.bhavsar@ontario.ca,
s.bhavsar@utoronto.ca (2) Environment Canada
A number of initiatives have curtailed anthropogenic mercury
emissions in North America over the last two decades; however,
various factors, including long range transport of global emissions,
may complicate the response of fish mercury levels to remedial
actions. Since the Great Lakes of North America are together the
largest surface freshwater body of the world and are under the
influence of many complicating factors, trends in fish from the
Great Lakes can reflect the overall impact of mercury management
actions at local, regional and perhaps global scales. Here we
present a comprehensive view of mercury trends in Canadian Great
Lakes fish using two large (total 5807 samples), different (fillet and
whole fish), and long-term (1970s-2007) monitoring datasets. The
spatial differences in lake trout and walleye mercury levels during
this period have generally been within a factor of 2-3 with Lakes
Erie and Superior having the lowest and highest concentrations,
respectively. These spatial differences have diminished in the recent
years (2000-2007). The concentrations have generally declined over
the three decades (mid-1970s to 2007); however, in recent years,
the concentrations are flat in Lake Ontario walleye and appear to be
increasing in Lake Erie walleye. There was a mismatch in the Lake
Ontario lake trout and walleye temporal trends, which shows the
importance of considering more than one fish species for proper
spatial/temporal trend assessments.

1

BHAVSAR, Satyendra
(1) Ontario Ministry of Environment, satyendra.bhavsar@ontario.ca,
s.bhavsar@utoronto.ca
Mercury is a leading cause of fish consumption advisories in
North America. However, most of the fish consumption advisories
issued for the Canadian Great Lakes based on the most restrictive
contaminant is due to elevated levels of dioxin-like PCBs and
dioxins/furans. It is not clear whether the current mercury levels
would restrict fish consumption if largely anthropogenically derived
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TS2-O4
AN ASSESSMENT OF MERCURY IN NORTHERN
PIKE (ESOX LUCIUS) FOOD WEBS IN CONTRASTING
WATERSHEDS
1

1
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(1) Water Science and Technology Directorate, Environment Canada,
Saskatoon, SK, kristin.bielefeld@ec.gc.ca (2) Water Science and
Technology Directorate, Environment Canada, Burlington, ON
Under the Clean Air Regulatory Agenda (CARA), a regulatory
framework for air emissions, Environment Canada is studying lakes
impacted by major atmospheric mercury (Hg) emitters. The goal
of this study is to assess the localized impact of Hg pollution from
major industry on lakes in two areas, the Precambrian shield of
northern Saskatchewan and Manitoba and the boreal plain of central
Alberta, and to investigate differences in food web biomagnification
between the two study locations. Shield lakes are relatively isolated,
surrounded by boreal forest and have received emissions from
the Hudson Bay Mining and Smelting complex in Flin Flon, MB
since 1930; Hg levels are highly elevated in nearby lake sediments.
Central Alberta lakes are highly productive and receive inputs
from the surrounding cottage and agricultural landscape in
addition to emissions from a complex system of four large coalfired power plants, in operation since the 1950’s; Hg levels are only
slightly elevated in lake sediments. In summer 2009, we collected
northern pike (Esox lucius), forage fish, benthic invertebrates and
zooplankton from five lakes in each area. We hypothesized that
the high productivity of the lakes in central Alberta would result
in lower (as compared to Flin Flon lakes) Hg levels in northern
pike due to faster growth rates; however pike are growing at similar
rates in both areas i.e. length-age and weight-age regressions are
similar. In the immediate Flin Flon area, Hg levels in northern pike
do not reflect those of the high concentrations in the sediments;
they, like Alberta pike, are below consumption guidelines of 0.5
μg/g. The notable exception is McLurg Lake, approximately 70 km
northwest of the Flin Flon smelter, where mean THg concentrations
in fish is 1.22±0.57 μg/g. In the summer of 2010, we sampled two
additional lakes in this area; pike from these lakes also had high Hg
concentrations (mean THg 0.88±0.37 μg/g). Similar observations
were made in a study conducted in the 1980’s. Also being discussed
is the characterization of the food webs of the Flin Flon and Alberta
15
13
15
lakes using δ N and δ C stable isotopes and the use of δ N and
Hg regressions to determine biomagnification rates within each
lake. These findings will highlight the importance of implementing
emissions controls specific to ecological and environmental factors
and will have key implications for future industry.

Mercury in its various chemical states is known to have adverse
effects on human health. The European FP7 Research Project
GMOS (Global Mercury Observation System) is currently working
on the implementation of a world spanning observation system for
atmospheric mercury. GMOS also includes the global and regional
modelling of atmospheric mercury. Here, the focus is on the further
development of the mercury chemistry schemes, on the coupling
of the global and regional model systems and their application
to investigate past and future pathways of atmospheric mercury
transport. Three different model systems are used on the regional
scale, one of it is the Hg-version of the Community Multiscale Air
Quality (CMAQ) model. At the Helmholtz-Zentrum Geesthacht,
CMAQ is applied to determine atmospheric concentrations of
mercury in the area of the North- and Baltic Sea. Anthropogenic
mercury emissions are distributed in space and time by the SMOKE
for Europe emission model. The worldwide oceans are known to
be responsible for roughly half of today’s mercury emissions into
the atmosphere. This includes the North- and Baltic Seas which
are major sources for mercury inside our model domain. To
determine the mercury flux between the ocean and the atmosphere
we plan to couple the three dimensional ocean model ECOSMO
to the chemistry transport model (CTM). ECOSMO is a physicalbiogeochemical model based on the Hamburg Shelf Ocean Model
(HAMSOM). The CTM calculates the direct deposition of nutrients
and mercury into the ocean. ECOSMO was expanded to include
0
2+
the mercury species Hg , Hg , and particulate Hgpart. The model
0
2
accounts for photoreactions between Hg and Hg + as well as dark
0
oxidation of Hg . Additionally, ECOSMO uses atmospheric nutrient
depositions to determine the growth of phytoplankton, which
has an influence on the mercury chemistry by reduction of Hg2+.
Especially in the North Sea phytoplankton can have a large influence
on the oceanic mercury chemistry. Finally meteorological fields are
used to determine the concentration dependent flux of mercury
between the ocean and the atmosphere.
Because the ocean can be a source as well as a sink for mercury the
spatial resolution provided by a three-dimensional ocean model
is expected to enhance our capability of modelling atmospheric
mercury concentrations. The coupled model system will be
presented and the impact of the oceanic mercury emissions on
the atmospheric transport and deposition of mercury will be
demonstrated.

WS8-O1
FORESTRY AND MERCURY: UNDERSTANDING THE
CONNECTION IN ORDER TO BREAK IT
1

BISHOP, Kevin
(1) Uppsala University, kevin.bishop@geo.uu.se

MG4A-P11
ATMOSPHERE OCEAN EXCHANGE OF MERCURY IN A
COUPLED REGIONAL MODEL FOR THE NORTH AND
BALTIC SEA AREA
1
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(1) Helmholtz-Zentrum Geesthacht, johannes.bieser@hzg.de (2)
Geophysical Institute, University of Bergen
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Research from the boreal-nemoral zone indicates a strong
connection between forestry operations and the input of mercury/
methylmercury to aquatic ecosystems. A synthesis of research
available in 2006 concluded that between 9 and 23% of the mercury
in the fish of forested Swedish lakes was released into the aquatic
ecosystem in conjunction with forest operations. As more studies
have been completed, however, large differences are appearing in
the magnitude of the Hg response to forest operations (harvest,
site preparation, drainage, drain-blocking) with respect to leakage
and bioaccumulation of methylmercury. This presentation will
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synthesize results from a dozen recently completed and ongoing
studies in Finland, Sweden, Norway and Canada. Both intensive
catchment-scale studies and larger, synoptic surveys are included.
In some cases mercury concentrations in waters and the biota
were largely unchanged, while in other cases, manifold increases
persisting for up to a decade have been observed. Understanding
why there are differences in catchment sensitivity can improve
management strategies to mitigate the contribution of forest
operations to the mercury problem in freshwater fish. Alternative
hypotheses will be considered, including the possibility that it is the
increases in water tables associated with forest harvest that inundate
previously oxic soils explains some of the more extreme harvest
effects on methylmercury.

RG8-P11
MERCURY BIOMAGNIFICATION IN FOOD WEBS OF
TROPICAL COASTAL ECOSYSTEMS OF BRAZIL
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(1) Federal University of Rio de Janeiro, tbisi@yahoo.com.br (2)
University of Liege; (3) University of Rio de Janeiro State ; (4) Botocinza Institute
Some micropollutants, like mercury, undergo increase in
concentrations upward trophic levels, reaching high concentrations
in top-chain organisms. The present study investigated mercury
flow through food webs of three tropical coastal ecosystems:
Guanabara, Sepetiba and Ilha Grande Bays (Rio de Janeiro State,
Brazilian Coast). The investigation was carried out by examining the
15
relationship between ratios of stable isotopes nitrogen (δ N), as an
indicator of trophic level, and total mercury (THg) concentrations in
muscle samples from 34 species, including crustacean, cephalopod,
fish and dolphin species (n = 346). Stable isotope measurements
were performed on a V.G. Optima (Micromass) IR-MS coupled to
an N-C-S elemental analyzer (Carlo Erba) and THg concentration
was determined by Cold Vapor/Atomic Absorption Spectrometry.
Trophic Magnification factor (TMF) was use for quantifying food
web biomagnification. Average muscular THg concentration was
lowest in Litopenaeus schmitti (Penaeidae) (3.65 ng/g in Guanabara
Bay and 4.24 ng/g in Sepetiba Bay) and in Sardinella brasiliensis
(Clupeidae) (4.63 ng/g in Ilha Grande Bay) and highest in Guiana
dolphin, Sotalia guianensis (920.30 ng/g in Guanabara Bay, 269.23
ng/g in Sepetiba Bay and 688.45 ng/g in Ilha Grande Bay). THg
concentrations in biota from Ilha Grande Bay were not only higher
than in organisms from Sepetiba Bay (post-hoc test, p<0.05) but also
comparable to the THg levels in animals from Guanabara Bay that
is one of the most contaminated systems of the Brazilian coast. This
finding is likely to be a consequence of a higher percentage of Hg
bioavailable in Ilha Grande Bay as well it strengthens the hypothesis
that South Atlantic Central Water (SACW) constitutes an additional
source of Hg to the Ilha Grande Bay food web. A positive linear
relationship was found between logarithmic concentrations of THg
(log-transformed) and δ15N values for Guanabara and Ilha Grande
Bays (linear regression, p<0.005), but not for Sepetiba Bay (linear
regression, p>0.09). Our findings showed TMF (antilog of the
regression slope with base 10) above 1 for Guanabara (1.55) and Ilha
Grande Bays (1.63), demonstrating that THg is being biomagnified
up the food chains in Rio de Janeiro Bays.

WWW.MERCURY2011.ORG

TG7-O12
TOWARDS THE DETERMINATION OF REALISTIC
MERCURY METHYLATION RATES FROM NEW AND AGED
MERCURY DEPOSITS IN MARINE SEDIMENTS UTILIZING
A NOVEL ISOTOPE TRACER METHODOLOGY
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(1) Umeå University, erik.bjorn@chem.umu.se (2) Swedish University
of Agricultural Sciences
The implementation of stable isotope tracer methods has given
invaluable knowledge about Hg biogeochemical processes, including
formation of CH3Hg. It has however been acknowledged that
the availability for reactions of tracers, normally added as labile
dissolved complexes, likely is higher than for ambient Hg, yielding
unrealistically high reaction rates.
Here we propose a novel, fundamentally different, approach utilizing
solid phase isotope tracers with well-defined chemical structures
mimicking as closely as possible the structure of ambient Hg in
sediments. The aims are to obtain more representative tracers, and
thereby be able to determine reaction rates closer to the incipient,
and also be able to determine and compare methylation rates for Hg
structures of different geochemical “age”.
Estuarine sediments were incubated with isotope tracers of four
II
-199
different Hg solid phases; cinnabar: a HgS(s), metacinnabar:
-201
II
-200
II
β HgS(s), Hg bound to Mackinawite: FeS Hg(s) and Hg
-196
bound to organic matter: OM Hg(s). A traditionally used
II
198
dissolved Hg tracer ( Hg(NO3)2(aq)) was also included and
formation of CH3Hg was determined for all tracers as well as
for ambient Hg. Using the Hg(NO3)2(aq) tracer overestimated
the methylation rate constant, km, of ambient Hg up to 15 times,
whereas applying solid-phase tracers corresponding to the solidphase speciation of ambient Hg in the sediment (70% β-HgS and
30% OM-Hg as determined independently by Hg-EXAFS) yielded
km values within a factor of 2 of km for ambient Hg. Indeed the
Hg(NO3)2(aq) tracer yielded km values 3-6 and 20-60 times higher
than the OM-Hg(s) and β-HgS(s) tracers.
The results show that using proper solid phase tracers will give
realistic estimates of ambient Hg methylation rates and that the solid
II
phase speciation of Hg is one of the principle factors controlling Hg
methylation rates in sediments and that also geochemically aged Hg
is available for methylation.
The usefulness of the new isotope tracer methodology to study
methylation from new and aged Hg deposits was further explored
in a mesocosm study utilizing 12 isolated tubes of 70 cm id and 5 m
height. Intact 65 cm diameter sediment cores were spiked with OMHg(s), β-HgS(s) and CH3Hg-OM(s) isotope tracers and immersed
into water-filled mesocosms followed by additions of Hg(NO3)2(aq)
and CH3HgCl(aq) tracers to the water phase and formation and
degradation of CH3Hg was studied during 8 weeks.

31

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada

RS9-P9
DETERMINATION OF LOW MOLECULAR MASS
MERCURY-THIOL COMPLEXES BY LC-ICPMS
1

2

3

BJÖRN, Erik , POPP, Maximilian , SKYLLBERG, Ulf
(1) Umeå University, erik.bjorn@chem.umu.se (2) AQura GmbH; (3)
Swedish University of Agricultural Sciences
The importance of low molecular mass (LMM) Hg-thiol complexes
in Hg biogeochemical processes has recently been highlighted, e.g.
by demonstrating enhanced Hg methylation in bacteria cultures
1
when adding cysteine. The lack of suitable analytical methodologies
to quantify specific LMM Hg-thiol complexes is however
hampering, both to establish the presence of such species in various
types of natural waters as well as to conduct fundamental studies of
their stability and interactions in controlled model systems.
An LC-ICPMS method was developed for the determination of
HgII complexes with cysteine, gluthatione, mercaptoacetic acid
and 3-mercaptoproprionic acid. Dissolved HgCl2 was incubated
with respective thiol under N2-atmosphere and the conditions for
synthesis and storage of Hg-thiol complexes were optimized. The
molecular structures of synthesized complexes were verified via
molecular ion mass determination and isotopic pattern recognition
by ESIMS analysis. For the LC-ICPMS method, LC separation
modes based on reversed-phase, hydrophilic interaction and
ion-exchange were evaluated. The final optimized method was
based on reversed-phase LC-ICPMS using a water/acetonitrile
step-gradient and species-unspecific isotope dilution analysis
to correct for changes in analyte sensitivity during the gradient
elution. The separation of the four model complexes and unreacted
HgCl2 was accomplished within 15 minutes. The overall yield,
including synthesis and column recovery, ranged from 100% for
Hg-cysteine to 50% for Hg-mercaptoacetic acid. Detection limits
were in the low to sub ng/ml range, making the method useful for
a variety of experiments with model systems, but would require the
development of a pre-concentration step before expected natural
concentrations of the Hg-thiol complexes can be determined. The
method was applied to determine the stability of Hg-cysteine and
Hg-gluthatione complexes in solution under N2-atmosphere in the
presence of inorganic sulfide.
1.

J.K. Shaefer, F.M.M. Morel, Nat. Geosci., 2009, 2, 123

RG11-O4
THE TROPICAL AFRICAN MERCURY ANOMALY: LOWER
THAN EXPECTED MERCURY CONCENTRATIONS IN FISH
AND HUMAN HAIR
1

2

2

BLACK, Frank , BOKHUTLO, Thethela , SOMOXA, Aaron ,
2
2
MAETHAMAKO, Mothusi , MODISAEMANG, Ontlogetse ,
3
1
KEMOSEDILE, Thebe , COBB-ADAMS, Cristina , MOSEPELE,
3
3
Ketlhatlogile , CHIMBARI, Moses
(1) Princeton University, fblack@princeton.edu (2) Botswana
Department of Wildlife and National Parks, Fisheries Division; (3)
Henry Oppenheimer Okavango Research Centre
Wetlands and newly flooded areas are known to be sites of enhanced
production of monomethylmercury, the form of mercury that is
readily biomagnified in aquatic food chains to potentially toxic
levels. The Okavango Delta in Botswana, Southern Africa, is the
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largest inland delta in the world and a wetland ecosystem that
experiences dramatic annual flooding of large tracts of seasonal
floodplains. The Delta was, therefore, expected to be home to high
mercury levels in fish and to be an area where local subsistence
fishing communities would be at substantial risk of mercury toxicity
from fish consumption. Total mercury concentrations measured
in 27 species of fish from the Okavango Delta averaged (mean ±
s.d., wet weight) 19 ± 19 ng g-1 in non-piscivorous fish, and 59 ±
53 ng g-1 in piscivorous fish. These mercury concentrations are
similar to those reported for fish from lakes in other areas of tropical
Africa, demonstrating that not all wetlands are sites of elevated
mercury concentrations in biota. Even more intriguing is that
concentrations of mercury in fish from across tropical Africa are
systematically and substantially lower than those typically reported
for fish from freshwater ecosystems elsewhere globally. The reasons
for this apparent “African mercury anomaly” are unclear, but this
finding poses a unique opportunity to improve our understanding
of mercury’s biogeochemical cycling in the environment. Mercury
concentrations measured in human hair collected in subsistence
fishing communities in the Okavango Delta were similarly low (0.21
± 0.22 μg g-1 dry weight) despite high levels of fish consumption,
and reflect the low mercury concentrations in the fish here.

TG4B-P14
MERCURY DEPOSITION AND CYCLING IN FORESTS
ALONG AN ELEVATION TRANSECT IN THE ADIRONDACK
MOUNTAINS
1

1

BLACKWELL, Bradley D , DRISCOLL, Charles T
(1) Syracuse University, bradleydouglas@gmail.com

Mercury contamination is generally considered to be of highest
concern in aquatic habitats, but recent evidence has indicated
that terrestrial food webs could also be experiencing negative
consequences of mercury contamination. Birds in forests from high
elevation areas have been shown to have elevated blood mercury
concentrations even though there is no known mechanism of
mercury methylation within the terrestrial environment. In order
to determine how terrestrial food webs are affected by mercury,
it is important to know where mercury originates and how it is
subsequently cycled through a forest. In this study, we established
two transects along the eastern and western sides of Whiteface
Mountain, New York, USA. The 24 sample sites ranged from
450-1450 m above sea level and covered three distinct forest types:
deciduous/hardwood forest, spruce/fir conifer forest, and stunted
alpine/fir forest. Sites were sampled periodically during the 2009 and
2010 growing seasons. Wet deposition of mercury was measured
using throughfall collectors, and dry deposition was estimated
by collecting live canopy foliage samples and analyzing them for
mercury. In addition, a cloud sampler was deployed at the summit
to estimate mercury inputs through cloud vapor. Mercury inputs to
the forest floor from litter were estimated by collecting litter in litter
traps, and soil samples were collected from organic soil layers to
measure mercury accumulation within the forest floor. Preliminary
analysis indicates that throughfall inputs and organic soil mercury
accumulation are both higher in coniferous forest areas than in
deciduous forest areas, and cloud deposition could potentially be a
significant source of mercury to high-elevation ecosystems.
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MG4A-O9
SPATIAL PATTERNS OF MERCURY IN CANOPY FOLIAGE
AND ORGANIC SOILS IN ADIRONDACK PARK, NY
1

1

BLACKWELL, Bradley D , DRISCOLL, Charles T
(1) Syracuse University, bradleydouglas@gmail.com

Atmospheric transport and deposition of mercury can have
deleterious effects on remote ecosystems, including the Adirondack
Park in upstate New York, USA. Several studies have focused on
the contamination of aquatic ecosystems within the park, but very
few studies have examined the cycling of mercury through forests.
One source of mercury inputs into forests is direct atmospheric
uptake by leaves and needles and the subsequent addition of that
mercury into the forest floor as leaves senesce. In this study we
examine spatial patterns in the accumulation of mercury in foliage
and soil across the Adirondack Park. Fifty plots that represent a
range of elevation, species composition, and precipitation quantity
were selected as study sites. Canopy foliage was collected from
dominant species at all 50 sites within a two week period in August
2009. In addition, species relative basal area was measured and
soil samples were collected from organic horizons at each plot.
In the lab, all samples were analyzed for total mercury, percent
carbon, percent nitrogen and leaf mass per area (LMA). Results
show species-specific differences in foliar uptake of mercury
with the lowest concentrations found in first-year growth conifer
needles (white pine, Pinus strobus) and the highest concentrations
found in black cherry (Prunus serotina). In this presentation
we explore relationships between mercury and percent carbon,
percent nitrogen, LMA and geographic variables such as latitude,
longitude, and elevation. Using spatial analysis we developed maps
of estimated foliar deposition of mercury for the Adirondack Park,
and these data are combined with spatial models of wet deposition,
dry deposition, and litterfall mass to produce a high-resolution
model of total mercury deposition within the Adirondack Park. The
relationship between total mercury deposition and soil mercury
concentrations will be discussed.

TS5-O3
WET AND DRY DEPOSITION OF MERCURY IN THE
GREAT LAKES REGION: SPATIOTEMPORAL PATTERNS,
ENVIRONMENTAL CORRELATES, AND CANOPY
INTERACTIONS
1

1

BLANCHARD, Pierrette , ZHANG, Leiming , BACKUS, Sean
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M. , DAVID, Gay A. , RISCH, Marty R. , HOLSEN, Thomas M. ,
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MARSIK, Frank J. , ST. LOUIS, Vincent L.
(1) Environment Canada, pierrette.blanchard@ec.gc.ca (2) University
of Illinois; (3) United States Geological Survey; (4) Clarkson
University; (5) University of Michigan; (6) University of Alberta
Atmospheric deposition (dry and wet) is an important pathway
for mercury to enter ecosystems. In the Great Lakes region,
atmospheric measurements of mercury have been made for several
years to estimate wet and dry deposition. Mercury in precipitation
data obtained from several deposition networks, were analyzed to
determine spatial and temporal trends specific to the Great Lakes
region. Dry deposition of atmospheric mercury is calculated using
an inference method from speciation measurements. Most recently,
continuous mercury speciation data have been available at multiple
sites in the Great Lakes region to allow comparison with regional
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deposition models. The inference of dry deposition using mercury
speciation data needs verification through actual dry deposition
measurements. Challenges associated with such measurements
are many but advances are forthcoming. Finally, deposition to
ecosystem must take into account land type and in particular the
role of canopy in mercury fate. This presentation will provide
an overview of synthesis papers that explore the contribution of
gaseous elemental mercury, speciation mercury and mercury in
precipitation to the overall atmospheric deposition in the Great
Lakes basin.

TG7-P1
SOLUBILITY OF HGCL2 AND HGO IN LIQUID
HYDROCARBONS AND DERIVED HENRY’S LAW
CONSTANTS AS A FUNCTION OF TEMPERATURE (-65 oC
TO +65 oC)
1

2

BLOOM, Nicolas , GALLUP, Darrell
(1)URS Corp. R&D , nbloom@ymail.com (2) Thermochem Inc.
o

The solubility of elemental mercury (Hg ) was determined in
30 pure and mixed hydrocarbons (and water) from -65oC to
+65oC, over the range where each sample remained a liquid.
o
Measurements were made both of Hg , and of total mercury (HgT)-demonstrating that previously reported Hgo solubility data (made
by measuring HgT) may be severely biased high. We observed
that oxygenated hydrocarbons react to form soluble oxidized
o
species that result in HgT levels far higher than the true Hg levels
present. Aliphatic and aromatic hydrocarbons, on the other hand,
o
often contain impurities that oxidize Hg to fine particulates that
can contaminate the measurements and introduce considerable
o
variability if HgT is reported as Hg . The oxidizing components of
non-oxygenated hydrocarbons can be eliminated by first shaking
the hydrocarbon with an aqueous solution of NH2OH.HCl or with
pure Cu granules. The solubility of HgCl2 was quantified in a small
subset of hydrocarbons, and was found to always be orders of
o
magnitude more soluble than Hg . No conversion of HgCl2 to Hgo
was observed in solution. In most cases, multiple determinations
at each of three or more temperatures were obtained, allowing
the concentration to be expressed as an exponential function of
o
AT
o
temperature ([Hg ] = Ke ). The solubility of Hg at any temperature
varies by about a factor of five as a function of solvent type: lowest in
o
polar compounds such as CH3OH or C2Cl3F3 (300-500 ng/g at 22 C)
o
and highest in aromatic compounds (2,500-3,000 ng/g at 22 C). The
solubility of HgCl2 spans 5 orders of magnitude, with the greatest
solubility in polar solvents. Calculating the ratio of the solubility of
o
Hg in air and in the solvent of interest at each temperature allowed
us also to determine the Henry’s Law distribution coefficient (KH)
o
for Hg in each solvent as a function of temperature. We continue to
investigate the possibility of making KH calculations for HgCl2. The
o
high solubility of Hg in solvents such as xylene, without significant
conversion of species, further allowed us to develop a means of
o
quantifying Hg concentrations in soils and sludges. Typically, a
0.25-10.0 gram aliquot of soil is extracted in xylene using air-free
end-over-end agitation for 48 hours, or in CHCl3 with insertion
of an ultrasonic probe for one hour. After allowing the solids to
o
settle, the solvent phase is analyzed directly for Hg , allowing it’s
quantification in the range of 0.001μg/Kg to 5,000 μg/Kg.
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FS22-O3
GEOCHEMISTRY AND FATE OF MERCURY IN COAL FIRED
POWER PLANT FLUE GAS DESULFURIZATION (FGD)
SCRUBBER SYSTEMS
1

2

BLOOM, Nicolas S , CHU, Paul
(1) URS Corp. R&D, nbloom@ymail.com (2) Electric Power Research
Institute
Recent investigations regarding the behaviour of mercury in
coal-fired power plant FGD scrubbers and subsequent wastewater
treatment systems have revealed some surprising results. In some
FGD systems, Hg is found to be largely in the labile Hg(ll) form,
while at the other extreme, virtually all of the inorganic Hg is so
strongly complexed that it is not even extractable by ammonium
pyrrolidine dithiocarbamate (APDC). These observations are
strongly correlated with the degree of successful Hg removal
by the waste water treatment systems downstream of the FGD
scrubbers. Breaking down the chemical composition of the
aqueous matrices revealed two likely variables most strongly
affecting the complexation of Hg in solution—Total iodine and
dissolved organic carbon (DOC), most likely in the form of humic
acids. While the source of iodine is likely due to the combustion
of the coal, the presence of humic-like substances is more of a
mystery. However, after careful consideration, it seems likely that
humic substances derive from the dissolution of massive amounts
of limestone used in the FGD scrubbers. We provide current
evidence for these conclusions, together with a plan for future lab
and modeling studies which will further clarify the very complex
set of parameters and reactions controlling the geochemistry and
fate of Hg in FGD systems. In addition to iodine and humic acids,
another key control on the fate of Hg may be the mineralogy of
the solid phase, which includes gypsum (CaSO4.2H2O), anhydrite
(CaSO4), calcite (CaCO3), aragonite (CaCO3), hematite (Fe2O3),
goethite (am-FeOOH), and pyrolusite (MnO2), all of which differ
in their adsorption characteristics with respect to Hg(ll). The FGD
aqueous phase is also awash with strongly complexing ligands such
as thiosulfate (S2O3=), dithionite (S2O2=), meta-bisulfite (S2O5=),
polycarboxylic acids, and amidosulfonic acids (e.g. amido-disulfonic
acid (ADS or HN(HSO3)2), and hydroxylamine monosulfonic
acid (HAMS or HOHNHSO3). Finally, in some FGD systems, the
ORP-pH boundaries are consistent with the production of reduced
o
o
o
o
elemental mercury (Hg ), as well as Se , S , and Ag , all of which
o
bind strongly with Hg , and so affect which phase Hg will report
to. We will present data collected from six (unidentified) real world
sites, as well as preliminary modeling efforts using Rockware’s
Geochemist’s Workbench™.

MG2-O8
MERCURY CONCENTRATION AND ISOTOPIC
COMPOSITION OF EPIPHYTIC LICHENS IN THE VICINITY
OF ALBERTA OIL SANDS DEVELOPMENT
1

1

1

BLUM, Joel D , JOHNSON, Marcus W , GLEASON, Jamie D ,
1
2
3
DEMERS, Jason D , MATTHEW S, Landis , KRUPA, Sagar
(1) University of Michigan, jdblum@umich.edu (2) EPA; (3)
University of Minnesota
A single species of epiphytic tree lichen (Hypogymnia physodes)
was sampled at remote sites in a grid pattern 0.5 to 200 km from the
Alberta oil sands industrial complex north of Ft McMurray, Alberta,
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Canada. Mercury concentrations in lichens have been used in many
previous studies as a measure of spatial variations in atmospheric
Hg deposition rates. The stable Hg isotopic composition has also
recently been used as a monitor of additions of anthropogenic Hg
to its regional background deposition. Hg concentrations ranged
from 0.07 to 0.27 μg/g, which is similar to that measured by others
for remote sites >800 km from Hudson Bay (beyond the area of
influence of atmospheric mercury depletion events), in southern
Ontario and Quebec. Concentrations were not correlated with
distance from the sources, and based on concentration alone we
would conclude that there is no evidence for anomalously high
atmospheric Hg deposition near the industrial complex. However,
the stable Hg isotope composition of the lichens does change
systematically with distance from these sources. Most notably the
lichens display varying levels of mass independent fractionation
(MIF) with both Δ201Hg and Δ199Hg ranging from near 0.0‰
close to the sources and systematically falling to -0.4‰ about
10 km farther away. The Δ199Hg/Δ201Hg slope is close to one,
suggesting that the MIF results from photochemical reduction of
Hg(II) to Hg(0). Mass dependent fractionation (MDF) does not
change systematically with distance from the oil sands development
sources, and δ202Hg averages -1.9‰. The spatial trends show
that the industrial sources affect the MIF isotope values without
significantly affecting the MDF values or the Hg concentrations
of the lichens. It is possible that other atmospheric pollutants,
such as SO2 (which is known to affect the vitality of lichens), are
influencing Hg deposition rates to lichens and also possibly affecting
the degree of photochemical reduction of Hg on lichen surfaces,
which may be the cause of the observed MIF. Investigations of the
Hg concentration and isotopic composition of emissions from
the oils sands development may provide further insight into the
interpretation of Hg isotope trends in the lichens.

RG9-P18
EFFECTS OF AGRICULTURAL LAND USE ON MERCURY
CONCENTRATIONS IN TADPOLES FROM WETLANDS IN
THE GREAT PLAINS OF NORTH AMERICA
1

1

BOCZULAK, Stacy , HALL, Britt D.
(1) University of Regina, stacyboczulak@hotmail.com
The long-range transport of Hg through the atmosphere and
hydrological systems of landscapes can cause elevated levels of
Hg accumulation in remote areas such as the wetlands of the
prairie pothole region in the Great Plains of North America. These
systems offer ideal conditions for the production of neurotoxic
methylmercury (MeHg), the bioaccumulation of which is a major
health concern for wildlife and humans that consume aquatic
organisms. In amphibians, increased concentrations of MeHg
have led to decreased growth, lower survival, and developmental
instability, and since amphibians can be an important prey item for
higher trophic levels, this may lead to similar effects in predators
such as birds and fish. Furthermore, amphibian populations are
experiencing a recent global decline, which may be attributed
to heavy-metal pollution of this susceptible class of animals. We
measured total Hg (THg) concentrations in two tadpole species
(boreal chorus-Pseudacris maculata, and wood- Rana sylvatica)
residing in wetlands surrounded by four different land-use types:
wildlife areas, minimum tillage farms (heavy pesticide use and
tilling 0-1 times a year), organic farms (no inorganic pesticide use),
and conventional farms (pesticide use and tilling 3 times a year).
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Total Hg concentrations and body burdens were lower in boreal
chorus frog tadpoles (mean ±standard error: 597 ±132ng/g, and
33 ±17ng/frog) than wood frog tadpoles (1688 ±336ng/g, and 329
±76ng/frog), which was expected, as boreal chorus tadpoles are
herbivorous while wood tadpoles exhibit omnivorous tendencies.
We observed differences in tadpole THg concentrations from
ponds with different land uses. The lowest concentrations were
found in tadpoles from wildlife areas (chorus: 152 ±16ng/g, wood:
463 ±248ng/g), followed by those from minimum tillage farms
(chorus: 392 ±142ng/g, wood: 716 ±341ng/g), and organic farms
(chorus: 1228 ±485ng/g, wood: 1082 ±680ng/g), respectively.
Tadpoles sampled from conventional farms contained the highest
THg concentrations (chorus: 913 ±272ng/g, wood: 3348 ±847ng/g)
of all land-use types. However we did not observe significant
differences in body burdens. Our results suggest that both trophic
level and factors associated with land use may influence tadpole
THg levels. The observed concentrations in tadpoles were higher
than gastropods sampled in similar systems, which occupy a similar
trophic level (range = 11.7 - 161.2, 25.9-2736.4, and 41.2-7889.3 ng/g
for gastropods, chorus tadpoles and wood tadpoles, respectively).
Thus, tadpoles may be accelerating the bioaccumulation process in
these Saskatchewan wetlands.

RG1-P15

Results of surveys show that Zeeman atomic absorption
spectrometer complemented with necessary attachments can be
a versatile tool for determination of mercury in various sorts of
samples. Elevated mercury concentrations were found in some, but
not all samples.
References
[1] Z. Gavare, E. Bogans, A. Skudra, A. Svagere, Mercury pollution
surveys in Riga (Latvia), Abstracts of 11th Workshop on
Progress in Analytical Methodologies for Trace Metal
Speciation, Munster, Germany, Sept. 4 – 7 (2007) 78.
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TG5-P12
MERCURY EXTRACTION FROM CONTAMINATED SOILS
USING L-CYSTEINE - SPECIES DEPENDENCY AND
TRANSFORMATION PROCESSES
1

MERCURY CONCENTRATION DETERMINATION IN
DIFFERENT TYPES OF SAMPLES FROM WASTE DUMP
SITES IN LATVIA
1

1

1

BOGANS, Egils , SVAGERE, Anda , SKUDRA, Janis , GAVARE,
1
2
Zanda , POIKANE, Rita
(1) Institute of Atomic Physics and Spectroscopy, University of Latvia,
egils.bogans@gmail.com (2) Latvian Institute of Aquatic Ecology
There are many common objects that contain mercury, for instance,
mercury lamps, switches and mercury thermometers. Though
EU regulations target minimization of mercury use, there are still
a number of such objects in circulation. When disposed, they
usually are thrown into trashcans and afterwards transported to the
waste dump. From there mercury makes its way into environment
increasing mercury pollution. The first step on a way to stop this
increase is gathering the data about mercury presence at waste
dump sites to allow for informed decisions about necessary further
actions.
Judging from the results of previous surveys (e.g., [1]), disposed
trash is one of the mercury pollution sources in Latvia. The aim
of this study is to evaluate usability of Zeeman atomic absorption
spectrometer RA-915+ for monitoring of mercury concentrations
in different types of samples at waste dump sites. Mercury pollution
surveys at several corresponding locations were performed,
analyzing air, water and soil samples.
Mercury concentration in the air was measured in real-time, using
capability of RA-915+ analyzer to make direct measurements. For
mercury concentration determination in water samples, the analyzer
together with RP-91 attachment was used; the principle of operation
is based on could vapor atomic absorption spectroscopy – CVAAS. Mercury determination in soil was performed, decomposing
samples and atomizing contained mercury in pyrolitic furnace
attachment RP-91C.
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A sometimes considered approach in soil remediation techniques
is the use of natural heavy metal complexing agents such as amino
acids to form soluble organic complexes for soil leaching. L-cysteine
is the essential amino acid with the highest affinity for soft metal
ions and is considered as a potential leaching agent to remove Hg
from contaminated soils. Mercury (Hg) mobilisation from soils by
L-cysteine has rarely been investigated and little is known about
the stability of Hg-L-Cystein complexes. The objective of this study
was to evaluate the applicability of L-cysteine for mobilisation of
Hg from contaminated soils containing different Hg binding forms
such as Hg adsorbed to mineral surfaces, Hg bound to soil organic
matter, and Hg sulphide (HgS).
Using laboratory-scale batch and column experiments, soils were
subjected to extraction using L-cysteine solutions with S:Hg-molar
ratios of 1, 2, 10, 20, 100 and 200. In 24 h-batch experiments, the
addition of L-cysteine led to an increase of Hg in the leachates of
42% for soils with Hg bound to mineral surfaces. In additional
column experiments the maximum Hg removal rate was 75%.
In comparison, leaching with water could only mobilise 1% of
inorganically bound Hg, proving the high mobilisation potential of
L-cysteine. For soils with organically bound Hg or HgS, only 1-5%
of Hg could be mobilised. Thus, the extraction of Hg from soils
with L-cysteine is highly dependent on soil composition and the Hg
binding form in the soil. Hg speciation analyses of leachates indicate
that Hg-L-cysteine-complexes are mainly easy reducible and labile
complexes. Speciation analysis in soil samples using a Hg thermo
desorption method revealed that, besides the formation of Hg-Lcysteine-complexes, reduction to elemental mercury Hg(0) takes
place at low S:Hg-ratios (1 to 10), assumingly by microbial activity.
At higher S:Hg-ratios of 10 and 100 precipitation of stable Hg-S
complexes could be observed. L-cysteine shows a high mobilisation
potential for inorganically bound Hg, but Hg species transformation
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processes and the labile character of Hg-L-cysteine complexes are
limitations for considering L-cysteine leaching as a remediation
strategy.

TS16-O10
SIGNS AND SYMPTOMS OF MERCURY EXPOSED GOLD
MINERS
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Background
Gold miners use mercury to extract gold from the ore. Liquid
mercury is added to the crushed gold ore binding to an amalgam.
This amalgam is smelted without any protection to extract the gold
from the amalgam. The amalgam burners, who are directly exposed
to mercury vapor, are extremely burdened.
Methods
Gold miners were assessed in different small-scale gold mining areas
in the Philippines, Mongolia, Tanzania, Zimbabwe and Indonesia
(1-4). Urine, blood and hair samples were taken from each
participant, (and also additional control groups), and consequently
analyzed for mercury (n=1077). The participants were medically
investigated, following a standardized protocol. In each country,
volunteers from unburdened areas served as controls (n=143).
Amalgam burners (n=418) and miners using mercury for panning
(n= 179) are especially exposed, but also the general population
in mining areas is seriously at risk (n=337). The medical data was
statistically analyzed (Chi-square, Mann-Whitney test, KruskalWallis test, correlation coefficient).
Results
Mercury concentrations in all three specimens were elevated
(control versus exposed groups p<0.001 Mann Whitney
test, Kruskal Wallis test). In some cases very high mercury
concentrations were found. Symptoms, characteristic for a chronic
mercury vapor exposure were frequent. Ataxia of gait was found
in 7% of the control group and 35% of the amalgam smelters
(Chi-square p<0.001). Dysdiadochokinesia was found in 18% of
the control group and 34% of the amalgam smelters (Chi-square
p<0.001). Neuro-psychological tests such as the match-box test, a
test for co-ordination, intentional tremor and concentration, show
poorer results in comparison to the control group (significant
correlation p<0.001). 74.3% of the amalgam burners were diagnosed
as mercury intoxicated, compared to 0.8% within the control group
(Chi-square p<0.001).
Conclusion
Many of the miners have health problems related to the mercury
exposure in the immediate environment. The most important
conclusion is that the exposure has to be reduced. The use of
mercury needs to be reduced as a first priority. Mining and housing
areas need to be separated. Mercury free technologies have to be
developed and used. Health care systems need to be prepared and
trained for this new emerging “amalgam burner disease”.
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MS20-P6
TOTAL MERCURY IN FEED, MUSCLE AND LIVER OF
FARMED NILE TILAPIA
1

2

BOTARO, Daniele , SCHRAMM, Karl-Werner , TORRES, Joao
1
1
Paulo , MALM, Olaf
(1) UFRJ, danibot13@gmail.com (2) TUM
Fish consumption is considered an important source of contaminant
exposure and farmed fish can be exposed to contaminants via feed
supply. Total mercury concentrations (THg) were determined in the
muscle, liver and feed of farmed Nile tilapia (juveniles and adults)
from 4 different fish farms (net cage and pond systems), by a flow
injection mercury system. Mercury concentrations observed in
-1
muscle and liver were lower (12.8 - 28.7 μg.kg ; ww.) pasting than
the values recommended by Brazilian regulatory agency (ANVISA)
-1
for fish of 500 μgTHg.kg and fish farm NC1 showed the highest
THg concentrations when compared to the other fish farms. There
are reports of strong gold exploration around 1987 in this region,
where more than 100 ferries worked in mining this metal. The
low THg concentrations found in muscle of farmed tilapia in this
study confirm the low tendency of these fish to accumulate Hg,
since they are less exposed to this contaminant than wild tilapias.
Other factors, such as higher growth rate and shorter life span
when compared to wild fish can contribute to marked reductions
in THg concentrations. Body lipid content can also influence
contaminant concentrations accumulated in an organism. Lipid
concentrations in the present study in fish muscle ranged from
0.7 to 4.3%, noting that lipid levels were higher in NC than in PS
fish farms. Thus, higher THg concentrations in the muscle tissue
with lower lipid concentrations (PS farms) were observed. The
low THg concentrations found in the analysed fish feed (5.2 – 33.2
-1
μg.kg ; ww.) can be also responsible for the low concentration in
fish muscle. Therefore, continuous monitoring of contaminant
concentrations in fish feed is necessary due to variations in the
use of ingredients, which cause variations in the concentrations of
undesirable substances in commercial feeds. In relation to tissue
analysis, a statistically significant difference (P <0.05) between Hg
accumulation in liver and muscle was observed, where the liver
presented the highest concentrations. Regarding fish age difference,
a statistically significant difference (P <0.05) was observed when
comparing Hg accumulation between adults and juveniles, with
larger fish having higher THg concentrations than smaller fish.
Differences in bioaccumulation rates can be related to the different
nutritional needs of fish in different life stages. Thus, fish age is an
important factor, due to changes in food supplies, as well as the
increased exposure time of the animals to Hg. Thanks go to CNPq/
MAPA/SDA 577906/2008-9 for financial support and scholarships
conceded.
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TS14-P13
MERCURY, LEAD, ARSENIC AND CADMIUM IN FRESH
AND FROZEN FARMED SHRIMP AND POND WATER
FROM THREE SHRIMP FARMS
1

1

1

BOTARO, Daniele , MALM, Olaf , TORRES, Joao Paulo
(1) UFRJ, danibot13@gmail.com

Trace metals are not obvious pollutants present in shrimp farm
effluents. However, some trace metals are present as natural
components in aquafeeds, as impurities in fertilizers or as active
principles of pesticides, which can be accumulated in shrimp tissue.
Were analyzed 90 muscle samples of fresh and frozen farmed
shrimp and pond water collected in three farms in Brazil, between
September 2007 and May 2010. It were determined total mercury
concentrations by a flow injection mercury system and, lead, arsenic
and cadmium concentrations by graphite furnace atomic absorption
spectrophotometry. Mercury levels in the farmed shrimp ranged
from 0.01 – 0.18 mg.kg-1 in fresh shrimp, and from 0.002 – 0.008
mg.kg-1 in frozen shrimp (wet weight). A similar behavior was
observed to lead concentrations, since frozen shrimp presented
-1
markedly lower lead concentrations (0.30 – 0.89 mg.kg ) than
-1
fresh shrimp (0.92 – 2.89 mg.kg ). In the case of arsenic, were
-1
observed concentrations of 0.01 – 0.77 mg.kg in fresh shrimp
muscle, and were no detected concentrations of this trace metal
-1
in muscle of frozen shrimp (Limit of detection of 0.002 mg.kg ).
The shrimp freezing process consists of a preliminary washing
thoroughly in chlorinated water (5 ppm) to remove any remaining
mud or sand, and to reduce bacterial contamination. The shrimp
are drained as much as possible and are then ready for freezing
through quick-freezing tunnel (individually quick frozen). The is
no evidence indicating that this process contributed to reduce trace
metals levels in frozen shrimp, but is clear that lead, arsenic and
mercury levels are markedly lower in frozen than fresh shrimp. It
was observed low concentrations of trace metals in pond water and
consenquentley in shrimp muscle. In relation to years monitored,
in 2008 it was possible to observe a slightly higher concentration of
all trace metals in fresh shrimps compared to other years. Episodes
of intensive precipitation caused recurrent devastating floods in the
region in 2008, and caused harm to farms evaluated. Thus, increased
concentrations of these trace metals in the rainy season may be
related to resuspension of particles deposited in the sediment of
the bottom in the ponds and therefore available for incorporation
into these trace metals by aquatic biota. It can be concluded that
farmed shrimp in Brazil is safe for human consumption. Thanks
go to CNPq/MAPA/SDA 577906/2008-9 for financial support and
scholarships conceded.

TG10-P9
A PRELIMINARY TOTAL MERCURY AND
METHYLMERCURY BUDGET IN A COASTAL ESTUARY:
OYSTER POND, CAPE COD, MASSACHUSETTS
1
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BOTHNER, Michael H. , LAMBORG, Carl H. , CASSO, Michael
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A. , DREVNICK, Paul E. , HAMMERSCHMIDT, Chad R. ,
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TABERSKY, Daniel
(1) U.S. Geological Survey, mbothner@usgs.gov (2) Woods Hole
Oceanographic Institution; (3) US Geological Survey; (4) Universite
du Quebec; (5) Wright State University; (6) Department of Chemistry
and Applied Biosciences at ETH Zürich
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The Oyster Pond watershed and estuary in Falmouth, MA, has
been a recent focus of research that estimates the magnitude of
sources, sinks, and transport pathways of total mercury (Hg) and
monomethylmercury (MMHg) in this ecosystem.
Estimated sources of total Hg and MMHg to this system include wet
and dry deposition from the atmosphere, surface runoff, pore water
diffusion, and groundwater advection. Processes by which Hg leaves
the system are net deposition with accumulating sediments, river
outflow, evasion, photodecomposition, and by outward migration
of diadromous fish (river herring, American eels, and white perch)
that have accumulated Hg while living in the pond. The two major
findings from the budget analysis are: 1. emigrating fish could
account for 40% of the MMHg exiting with river flow into coastal
waters, and 2. septage introduced to groundwater from developed
neighborhoods could cause conditions that enhance the transport of
Hg to water bodies fed by groundwater.
The present net deposition rate of total Hg buried in sediments of
2
Oyster Pond as determined in dated sediment cores is 37 μg/m /
year, about 3 times higher than the pre-industrial deposition rate
2
(12.9 μg/m /year in the 1860s). The highest Hg deposition rate
2
occurred in the 1950s (118 μg/m /year), possibly reflecting greater
regional and local sources following World War II, which have
subsequently diminished.
In oxic areas of the pond we measured the highest concentrations
of MMHg in pond sediments (4.4 μg/kg), in pore waters (18 ng/L),
and the highest diffusion fluxes of MMHg from pore water to
2
overlying water (22 μg/m /year). In contrast, the anoxic areas of the
pond had significantly lower MMHg, yet had the highest total Hg
in sediments (440 μg/kg), pore waters (90 ng/L), and fluxes to the
2
overlying water (31 μg/m /year). One consequence of man-made or
natural processes (such as sea level rise) that increase the tidal and/
or storm-induced flushing in Oyster Pond is that re-oxygenation
of bottom waters would likely follow, resulting in increased MMHg
fluxes from the sediment to the water column and subsequently to
the food web.

TG10-P14
UNRAVELING THE MERCURY BIOGEOCHEMISTRY AT
THE SEDIMENT – WATER INTERFACE IN AN INTERTIDAL
ENVIRONMENT FROM COMBINED FIELD AND
LABORATORY EXPERIMENTAL STRATEGIES
1

1

BOUCHET, Sylvain , BRIDOU, Romain , RODRIGUEZ1
1
GONZALEZ, Pablo , TESSIER, Emmanuel , MONPERRUS,
1
2
2
Mathilde , ABRIL, Gwenael , ANSCHUTZ, Pierre 2, THOUZEAU,
3
3
1
Gerard , CLAVIER, Jacques , AMOUROUX, David
(1) IPREM-ECABIE, s_bouchet@hotmail.com (2) EPOC Universite
Bordeaux 1; (3) LEMAR-IUEM
The Hg cycling in biologically productive coastal areas is of special
importance because of the potential for bioaccumulation of
monomethylmercury (MMHg) into aquatic organisms. In shallow
coastal waters, the extended intertidal zone support most of the
biogeochemical transformations of the ecosystem and represents
a dynamic environment promoting the transformations of Hg
species and their subsequent redistribution. To better understand
the factors affecting Hg mobility and transformations in this
environment, complementary field and lab incubation experiments
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using isotopically enriched tracers were performed in the Arcachon
Bay, a tidal lagoon (SW France). Field experiments were performed
at different seasons to assess the variability of the water column
concentrations, the sediment – water flux densities (with benthic
chambers) and the potential formation and degradation of MMHg
and inorganic Hg (IHg) in both water and sediments. On the other
hand, a laboratory experiment was specifically designed to assess
with high resolution the fate of Hg in surficial sediments under
redox oscillations, characteristic of coastal ecosystems.
Benthic fluxes of dissolved IHg and MMHg were found to be
highly variable and differed between seasons by two orders of
magnitude with the maxima occurring in late winter conditions.
The organic matter mineralization appeared as a major process for
the Hg species remobilization with its intensity regulated by the
occurrence of sulfur reduced solid/dissolved species at the sediment
– water interface during the warmer periods. The methylation
and demethylation potentials were in opposition lower by a factor
2 during winter compared to spring or fall conditions. Benthic
exchanges in the intertidal zones may represent a significant source
of Hg species for the water column as demonstrated by dissolved
concentrations that could doubled during low tide.
In the laboratory experiment, redox transition events were found
to significantly enhance the aqueous Hg species concentrations
(up to a factor 7), while the MMHg burden was not greatly affected
(maximum 2-fold increase recorded). The remobilization of Hg
species was mostly associated with the reactivity of Fe/S species
while the variations of MMHg production were related to shift in
IHg speciation.
Overall, the extents of methylation and demethylation potentials
found in situ and in the laboratory experiment were comparable
while the factors influencing the Hg mobility diverged,
demonstrating how those two approaches complement each other.

WS14-O2
MERCURY SPECIATION IN THE EASTERN NORTH
ATLANTIC: RESULTS FROM THE U.S. GEOTRACES ZONAL
SECTION
1

TS14-P2
BENTHIC METHYLMERCURY FLUXES ON THE
CONTINENTAL SHELF AND SLOPE OF THE NORTHWEST
ATLANTIC OCEAN
1

1

BOWMAN, Katlin L. , NALLURI, Deepthi , FITZGERALD,
2
1
William F. , HAMMERSCHMIDT, Chad R
(1) Wright State University, bowman.49@wright.edu (2) University of
Connecticut
Benthic mobilization of methylmercury (MeHg) from sediments
on the continental shelf and slope is posited to be a major source
of the contaminant to marine biota. However, and unfortunately,
there is a near absence of either measured or diffusional estimates
of MeHg exchange across the sediment-water interface on the
continental margin. With benthic shipboard flux chambers
(SBFCs) and diffusional calculations based on measured pore water
concentrations, we quantified the efflux of MeHg from sediment at
multiple sites on the continental shelf and slope of the northwest
Atlantic Ocean during three oceanographic cruises in 2008–2010.
Intact sediment cores and overlying water for use in SBFCs were
sampled successfully from ocean depths ranging between 60
and 3000 m. Preliminary results suggest that sediment fluxes are
comparable to those estimated from vertical gradients of MeHg in
the overlying water column and are in general agreement with a
prior report of the oceanographic magnitude of this flux. Production
and mobilization from sediment on the continental margin is an
important source of MeHg to coastal fisheries and, potentially, the
open ocean.

2

BOWMAN, Katlin L. , LAMBORG, Carl H. , HAMMERSCHMIDT,
1
Chad R.
(1) Wright State University, bowman.49@wright.edu (2) Woods Hole
Oceanographic Institution
Mercury (Hg) speciation measurements were performed on board
the R/V Knorr during the first leg of the U.S. GEOTRACES North
Atlantic Ocean zonal section in Fall 2010. All four of the principal
mercury species (monomethylmercury, dimethylmercury, elemental
Hg, and total Hg) were determined in high vertical and horizontal
resolution at eight stations off the coast of North Africa, an ocean
region that experiences significant coastal upwelling, atmospheric
dust deposition, and associated high levels of biological productivity.
Preliminary results suggest that filtered total Hg has both scavenging
and nutrient-type vertical distributions at different locations in the
northeast Atlantic. Elemental Hg, in contrast, has strong nutrientlike profiles, with deep water concentrations as much as 50% of
total Hg. This is in contrast to the western side of the basin where
elemental Hg in deep water is much less abundant.
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Monomethylmercury (MMHg) distributions have pronounced
mid-water maxima associated with the oxygen minimum zone.
Increased levels in the oxygen minimum likely result from either
in situ methylation or isopycnal transport from the margin.
MMHg levels in the mixed layer and North Atlantic Deep Water
on the eastern side of the ocean basin are similar to those we have
recently measured in the western North Atlantic. High-quality Hg
speciation results from the international GEOTRACES program
will help constrain oceanic budgets and cycling models for toxic and
bioaccumulative MMHg in the ocean.

TG10-P5
DECOMPOSITION OF METHYLMERCURY IN SURFACE
WATER OF THE NORTHWEST ATLANTIC OCEAN
1

1

BOWMAN, Katlin L. , HAMMERSCHMIDT, Chad R.
(1)Wright State University, bowman.49@wright.edu

Biological and photochemical processes can decompose toxic
monomethylmercury (MMHg) and render mercury less available
for biological uptake. However, and in contrast to freshwater
systems, little is known about MMHg decomposition in the marine
environment. We are investigating the kinetics and mechanisms
of MMHg decomposition in seawater from multiple locations on
the continental margin of the northwest Atlantic Ocean. Ship-deck
incubation tests were performed during oceanographic cruises
in 2009 and 2010. Preliminary results suggest that 1) both biotic
and photochemical pathways are important, 2) rate constants
of decomposition are similar among locations and comparable
to those determined in freshwater lakes, and 3) the mechanism
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of photochemical destruction in seawater is different from that
in lakes. Experiments in 2010 sought to identify alternative
photochemical pathways. Quantitative knowledge of the kinetics
and mechanisms of MMHg decomposition in seawater will help
constrain oceanic budgets and cycling models.

RG1-P9
EXTRACTION OF MONOMETHYLMERCURY FROM
SEAWATER FOR LOW-FEMTOMOLAR DETERMINATION
1

1

BOWMAN, Katlin L. , HAMMERSCHMIDT, Chad R.
(1) Wright State University, bowman.49@wright.edu

Humans are exposed to toxic monomethylmercury (MMHg)
principally by the consumption of marine fish. However, and due in
part to analytical limitations, little is known about the distribution,
sources, and biogeochemical cycling of MMHg in the ocean, where
aqueous concentrations are in the femtomolar range and often
less than current limits of detection. Here, we present a simple
method for extraction and analysis of MMHg in seawater that has
a detection limit of about 2 fM for a 2-L sample, which is a 10-fold
improvement over current approaches. The technique, which is
readily adaptable to a shipboard laboratory, involves purging and
quantification of dimethylmercury (DMHg) from an unaltered
2-L water sample followed by acidification to 1% with H2SO4 for
> 6 h, pH neutralization, derivatization of MMHg in the seawater
matrix with an ethylating agent, and purge-and-trap analysis with
gas-chromatographic cold-vapor atomic fluorescence spectrometry.
The method was developed and validated with analyses of seawater
from the North Atlantic and Pacific Oceans, in addition to two fresh
waters. This technique can be used to quantify, differentiate, and
develop an improved understanding of the biogeochemistries of
MMHg and DMHg in the ocean.

TG7-O2
METHYLMERCURY DYNAMICS IN SURFACE SEDIMENTS
OF DYSTROPHIC LAKES
1

1
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1
LARSSEN, Thorjørn
(1) Norwegian Institute for Water Research (NIVA), hbr@niva.no
Results from a recent survey show increasing levels of mercury
in fresh water fish in Norway. As a result of European emission
reductions of mercury, atmospheric deposition of mercury has
decreased in the same time period. Hence, explanations for
increased levels of mercury in fish are most likely related to
processes in the lake or catchment. Sediments are important spots
for microbial methylation, and the biogeochemical cycling of
mercury in sediments is substantial for the understanding of how
mercury transfers to water and biota.

taken seasonally (autumn, winter, spring) and at different depths
(1-9 metres) and distance (0-150 metres) from the typically peaty
shores of the lake.
Continuous measurements of oxygen in the lake’s water column
indicate a dynamic redox system. The system has highly oxic
conditions throughout the water column during late autumn
months and anoxic conditions in the deeper water in the winter. In
addition, there is considerable variation in the redox potential in
the surface sediments, with increasing oxic conditions with distance
from the shore. The most anoxic conditions are found close to the
peat bog shoreline. Despite the highly dynamic redox conditions
in the system, concentrations of MeHg in the lake outlet stream
show low seasonal variations. This indicates that local hotspots of
methylation may be important for the mercury uptake in biota, but
not for the overall catchment budget of MeHg.
Distribution of both MeHg and TotHg under temporal and spatial
variation in redox potential will be shown. Correlation between
MeHg and redox potential in the lake sediments may give a broader
understanding of the processes involving cycling of MeHg in
dystrophic lake systems. Combined with TOC levels this will also be
important data in the assessment of why levels of mercury in fish in
these lake systems are increasing.

TS7-P2
SPATIAL AND SEASONAL VARIABILITY OF DISSOLVED
METHYLMERCURY IN CONTRASTING STREAM BASINS
IN THE EASTERN UNITED STATES
1
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We assessed methylmercury (MeHg) concentrations across
multiple ecological scales in the Edisto and Upper Hudson Rivers.
A general downstream increase in concentrations indicated a
continuous supply of MeHg to the stream channel throughout
the Edisto basin. In the Upper Hudson basin, higher MeHg
concentrations in tributaries than in the main channel indicated
that significant sources of MeHg exist in headwater locations but
that environmental factors attenuate concentrations as water moves
downstream. The results indicated that production in wetland/
floodplain areas, hydrologic transport to the stream aquatic
environment, and attenuation in open water areas are fundamental
controls on dissolved MeHg concentrations in lotic habitats in
diverse geographic, climatic, and ecologic settings. These results
provide a foundation for several of the Hg modeling efforts being
presented in Session S7.

In order to investigate the role of methylation and de-methylation in
the sediments of typical Norwegian dystrophic small lakes, sediment
cores and surface sediments were collected from the Lake Langtjern
research site. The lake is located in southeast Norway and extensive
work has previously been done to establish input and output fluxes
of mercury at the site. Concentrations of total mercury (TotHg) and
methylmercury (MeHg) were determined in the sediments, and
redox potential and TOC content were measured. Samples were

WWW.MERCURY2011.ORG

39

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
seleno-dependent glutathione peroxidase (SeGpx) and GR were also
determined.

MG7-P1
FLOOD HYDROLOGY AND METHYLMERCURY
AVAILABILITY IN COASTAL PLAIN RIVERS
1

1
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(1) USGS, pbradley@usgs.gov
Mercury (Hg) burdens in top-predator fish differ substantially
between adjacent South Carolina Coastal Plain river basins with
similar wetlands coverage. In the Congaree River, floodwaters
frequently originate in the Blue Ridge and Piedmont regions, where
wetlands coverage and surface-water dissolved methylmercury
(MeHg) concentrations are low. Piedmont-driven flood events
can lead to downward hydraulic gradients in the Coastal Plain
riparian wetland margins, inhibiting MeHg transport from wetland
sediments, and decreasing MeHg availability in the Congaree River
habitat. In the adjacent Edisto River basin, floodwaters originate
only within Coastal Plain sediments, maintaining upward hydraulic
gradients even during flood events, promoting MeHg transport to
the water column, and enhancing MeHg availability in the Edisto
River habitat. These results indicate that flood hydrodynamics
contribute to the variability in Hg vulnerability between Coastal
Plain rivers and that comprehensive regional assessment of the
relationship between flood hydrodynamics and Hg risk in Coastal
Plain streams is warranted.

FS15-O5
IN VIVO INTERACTION BETWEEN MERCURY
COMPOUNDS AND SELENIUM: EFFECTS ON
THIOREDOXIN REDUCTASE AND GLUTATHIONE
PEROXIDASE
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Mercury compounds exert toxic effects by interacting with
proteins. Seleno-enzymes, such as thioredoxin reductase (TrxR),
which are involved in vital cellular functions (e.g. protein repair,
stress response), were demonstrated to be particularly sensitive to
mercury compounds. Recently, we showed that in vivo exposure
to methylmercury inhibits TrxR but not glutathione reductase
(GR), an homologous enzyme without selenium in its active site.
In this study, our aim was to understand how sodium selenide
supplementation interferes with the interaction between mercury
compounds and enzymatic systems involved in anti-oxidant
regulation in vertebrates.
Juvenile zebra-seabreams (Diplodus cervinus) were divided in six
groups under different exposure conditions: control, Se control,
Hg(II), MeHg, MeHg and Se co-exposure, Hg(II) and Se coexposure. Exposure lasted 28 days followed by a 14-day depuration
period with clean seawater. Additionally, fishes exposed to MeHg
and Hg(II) were split in two groups during the depuration period,
one kept in clean seawater and the other supplemented with Se.
-1
Exposure concentrations in tanks were 2 μg L for MeHg and
-1
Hg(II) and 10 μg L for Se. Fishes were sampled at days 14, 28 and
42 and the brain, liver and kidney were analyzed for total mercury,
MeHg and Se contents. Activities of TrxR, thioredoxin (Trx),
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The accumulation of mercury in the organs studied was much
higher (10-fold) in fishes exposed to MeHg than in those exposed to
Hg(II). Selenium co-exposure had no influence in the accumulation
of Hg(II) but decreased to half the accumulation of MeHg. Exposure
to both mercury compounds decreased significantly the activity of
TrxR (>50%) in all the organs analyzed. A protective effect of the
thioredoxin system was observed with Se supplementation, in the
liver of fishes co-exposed to Hg(II) and Se. Supplementation of Se
during the depuration phase had no visible effects. The activity of
SeGpx was only affected in the brain of fishes exposed to MeHg and
co-exposed to MeHg and Se. GR activity in organs was independent
of the exposure conditions. These results will be discussed
considering the importance of these antioxidant systems, the
structure of the enzymes involved and their contribution to clarify
the molecular mechanisms of mercury toxicity.

RS4-O7
TOTAL MERCURY AND METHYLMERCURY FLUXES
FROM PEATLAND –DOMINATED CATCHMENTS OF THE
HUDSON BAY LOWLANDS
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BRANFIREUN, Brian , PRICE, Jonathan
(1) University of Western Ontario, bbranfir@uwo.ca (2) University of
Waterloo, Department of Geography
It is well established that peatlands are important modifiers
of downstream water quality in any catchment where they are
found. Although small headwater peatlands are very important
in controlling downstream water quality, there have been no
attempts to scale up the process-based knowledge that we have
about mercury cycling in small peatlands to the larger extensive
peatland systems of the world. The Hudson Bay Lowlands (HBL)
is the second largest peatland complex in the world with a total
area of approximately 320000 sq km. In light the importance of
the carbon stock and predictions of significant climate change
impacts, research effort has gone into studying the carbon dynamics
of the HBL peatlands however there has been no research on
the role of the HBL peatlands in governing the water quality or
quantity of the important tributaries of Hudson Bay. The published
importance of mercury loading to the Hudson Bay/James Bay in
terms of ecosystem and human impact stands in stark contrast
with the limited data available for major tributaries. Perhaps of
greatest importance are emerging concerns over land-use and/or
climate changes in the HBL that affect peat hydrology and mercury
dynamics; these concerns are based solely on conjecture because of
the absence of empirical data.
As part of a study of the impacts of land-use change associated
with mining activities in this region, we have been investigating the
mercury and methylmercury dynamics of two small ‘headwater’
catchments that deliver runoff ultimately to the Attiwapiskat
River. ne catchment is influenced by a change in hydrology as a
result of mine dewatering, and the other is a reference catchment
subject only to natural variability in hydrology due to differences in
seasonal and annual weather patterns. Our results over three years
of study indicate that there is dramatic between-year variation in
surface water total mercury and methylmercury concentrations
(up to ~2x) for a given stream. Between streams, there is a similar
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range of variability driven largely by differing natural hydrological
processes, calling into question are definition of a reference stream
or watershed. Total and methylmercury concentrations are very
low relative to more southerly peatland-dominated watersheds (e.g.
2008 mean THg and MeHg ~1 ng/L and ~ 50 pg/L respectively).
Despite this, the aquatic organisms of these cold-water ecosystems
are sensitive to even these low Hg concentrations because of their
exceptionally slow growth rates.

FG9-O7
ESTABLISHING REGIONAL TRENDS OF MERCURY
AVAILABILITY IN THE ANTARCTIC PENINSULA USING
EGG MEMBRANE OF PYGOSCELIS PENGUINS
1
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Antarctica is one of the most remote regions on our planet and
has no known point sources of mercury contamination. These
characteristics make it an excellent location for investigating
long-range mercury transport and atmospheric deposition. At
present, the bioavailability of mercury in coastal and pelagic marine
food webs surrounding the Antarctic Peninsula (AP) is not well
understood and research is often limited to a few seabird breeding
colonies throughout this large region. The purpose of the present
study was to evaluate spatial trends in mercury availability in
the Southern Ocean surrounding the Antarctic Peninsula using
Pygoscelis penguins as biomonitors. In the Antarctic, penguins
can serve as excellent biomonitors as they forage at a moderate
trophic level, have a long lifespan and permanent ecological
niche, breed in large colonies of hundreds to thousands of nesting
pairs, and have previously been shown to accumulate biologically
relevant concentrations of mercury. Eggshells from three species
of Pygoscelis penguins (P. adeliae, P.papua, and P. antarctica) have
been collected annually over the past six years across the AP as part
of on-going investigations into penguin diets and foraging habits.
Stable isotope analysis of eggshells collected in 2006 has provided
evidence of geographic and interspecific differences in dietary
composition and foraging habits among species; this study found
that Adélie penguin (P. adeliae) eggshells from the eastern AP, South
Shetlands, and South Orkneys shared similar isotopic signatures
15
13
while those in the western AP had significantly lower δ N and δ C
values. To investigate whether this geographic disparity in dietary
composition and foraging habits has led to regional differences
in the risk of exposure to mercury, we analyzed mercury in egg
membranes collected from Pygoscelis penguins from 23 breeding
colonies along the eastern and western AP, South Shetland Islands,
and South Orkneys in 2006. Preliminary analyses suggest that
dietary exposure to mercury in the Southern Ocean surrounding the
Antarctic Peninsula may be uniform as no differences in mercury
were detected in Adélie penguin egg membrane among breeding
colonies. Analyses into interspecific differences and annual trends of
mercury availability in this region are ongoing as a means to better
characterize the deposition of this pollutant in an ostensibly remote
ecosystem.

TS16-O3
MERCURY SPECIATION DRIVEN BY SEASONAL CHANGES
IN CONTAMINATED ESTUARINE ENVIRONMENT
1

1

1

BRATKIČ, Arne , HORVAT, Milena , OGRINC, Nives , FAJON,
1
1
1
1
Vesna , SNOJ TRATNIK, Janja , KOTNIK, Jože , KOCMAN, David
(1) Jožef Stefan Institute, arne.bratkic@ijs.si
Mercury (Hg) represents one of the most potent toxics and its
environmental cycle is not yet clearly established. The shifting
between several species with various toxicity is, however, strongly
linked to physico-chemical settings in the environment and also
dependent upon biological activity. As seasonal changes greatly
affect influencing parameters, a seasonal study was conducted in
order to better understand the controls on Hg water cycling and
thus its potential to enter biota and the food chain.
The investigated area was Gulf of Trieste at the river Soča estuary,
which is under high human-induced environmental stress due to
water traffic, intensive mariculture and gas terminal construction.
Mercury is imported into this environment by river Soča, which
transports Hg originating from cinnabar deposits in the region of
closed mercury mine in Idrija. During four samplings (September
2009, May, August and October 2010) Hg species were determined
in sediments and in water column on a relatively short space scale to
asses the influence of seasonal changes throughout the year. Possible
influences of elevated freshwater input were also considered. This
study is particularly unique, since the last seasonal investigation
occured in 1995 and 1997 (Horvat et al, 1999).
The measurements of sedimentary Hg indicate that its input has
not decreased during recent years, which is consistent with findings
of Horvat et al. (1999). Furthermore, decrease of total Hg (THg)
with depth was only evident in September 2009, whereas in other
samplings was not very distinct. In contrast, methylmercury
(MeHg) concentrations were generally higher at sediment-water
interface. MeHg was never more than 0,15% of total Hg but was
comparatively higher in May and August 2010 (sampling occured
after rain events). In September 2009 and August 2010 were the
concentrations of THg and MeHg higher closer to the river mouth.
Results also show that up to half of water column Hg is present
as dissolved gaseous species or can be easily reduced. The rest
is mostly bound to particulates larger than 0,45 μm. The water
column appears to be uniformly mixed as no vertical gradient was
observed, except that gaseous Hg concentrations are higher closer
to surface. To conclude, the seasonal changes show influence on
Hg concentration in upper sediment, but not in the water column,
which has an important capability to reduce Hg. Hg input to the
area may be significantly increased after heavy rain or snowmelt.

RS4-O3
YOU ARE WHAT YOU EAT: HOW DIETARY CHANGE CAN
AFFECT MERCURY EXPOSURE IN SEABIRDS
1

1

2

BRAUNE, Birgit , GASTON, Anthony J. , FERGUSON, Steven H.
(1) Environment Canada, birgit.braune@ec.gc.ca (2) Fisheries and
Oceans Canada
Mercury exposure in seabirds occurs primarily via the diet.
Significant increases in mercury concentrations have occurred
in eggs of thick-billed murres (Uria lomvia) from Canada’s High

WWW.MERCURY2011.ORG

41

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
Arctic since 1975. In contrast, mercury in murre eggs from
northern Hudson Bay, which have been monitored since 1993,
have shown no significant change. The reasons for these trends
are complex, involving emissions from human activities as well as
natural emissions, coupled with environmental and biological (e.g.
food-web) processes which may also be affected by climate change.
Warming ocean conditions and longer ice-free periods have been
documented for Hudson Bay over the last 25 years. Arctic cod
(Boreogadus saida) is the main prey of thick-billed murres at Prince
Leopold Island in the high Arctic and, until the mid-1990s, was
the most common prey item found in the diet of nestling murres
throughout the Canadian Arctic. Since the early 1980s, however, a
shift in the diet of thick-billed murres breeding on Coats Island in
northern Hudson Bay has occurred, from arctic cod and benthic
fish species to capelin (Mallotus villosus) and sandlance (Ammodytes
15
hexaptera). Using δ N values as an index of trophic position, we
have noted a decrease in trophic position as reflected in thickbilled murre eggs from Coats Island since 1998 compared with
1993 values. Fish samples collected from adult murres bringing
food to their chicks on Coats Island were analyzed for mercury and
other chemical contaminants to determine if exposure of thickbilled murres to contaminants through their diet on the breeding
grounds has changed with the change in diet. The arctic cod fed
to thick-billed murre chicks occupy a higher trophic position and
have higher concentrations of total mercury in them than either
the capelin or sandlance. The change in diet suggests that there may
have been a shift to a lower exposure to contaminants through diet.
Such dietary changes must be taken into account when evaluating
contaminant temporal trends.

MG7-P19
IMPACT OF A WASTE WATER TREATMENT PLANT ON
MERCURY METHYLATION IN FRESHWATER SEDIMENTS
FROM A BAY OF LAKE GENEVA, SWITZERLAND
1

2

3

BRAVO, Andrea , GUEDRON, Stephane , ZOPFI, Jokob ,
4
5
5
AMOUROUX, David , WILDI, Walter , DOMINIK, Janusz
(1) Geneva University , andrea.garcia@unige.ch (2) LGIT Grenoble;
(3) Neuchatel University; (4) univ-pau.fr; (5) Geneva University
Mercury (Hg) is one of the most hazardous contaminants in
sediments of Vidy Bay, which receives treated domestic and
industrial wastewater and is recognized as the most contaminated
area of Lake Geneva. High concentrations of iron have been found
in Vidy Bay sediments due to the addition of Fe(III)-oxides as
de-phosphatation treatment in the Waste Water Treatment Plant
(WWTP). Recent studies suggested that part of the biological
Hg methylation in freshwater sediment may be attributed to the
activity of iron-reducing bacteria (IRB). The purpose of this study is
focussed on methylation process in sediment cores of Vidy Bay.
A detailed study was carried out on sediment cores collected in May
2007 and in August 2008. We examined sediments from two sites
situated at 190 m (site CP) and 530 m (site FP), respectively, from
the current location of the outlet pipe discharging treated sewage
from the city of Lausanne.
Total Hg concentrations were similar for both sites. MMHg profiles
in cores showed pronounced maxima at 1-2 cm depth with the
highest level reaching 5–6% of the THg at site CP. Methylation and
demethylation yileds were determined by incubating sediment slices
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(2 cm thick) with IHg and MMHg for 24h. The methylation
yields were in the same order of magnitude and followed the
same trend than MMHg profiles, with maxima in the top 2 cm for
both sites. However, the absolute values were in the same order of
magnitude but higher for site CP.
For both sampling sites, most probable number counts of IRB in the
uppermost 2 cm of sediment were two orders of magnitude higher
than for sulphate-reducing bacteria (SRB). In this layer MMHg
concentrations and methylation yields reached their maxima. In
2+
addition, Fe concentrations in overlying water of the CP core were
close to the detection limit but increased strongly at 1 cm depth.
Results revealed that wastewater discharge from the WWTP
changed geochemical properties of sediments enhancing Hg
methylation. This research represents one of the first studies of in
situ confirmation of an overlap between MMHg production zone,
reduction of Fe(III)-oxides and the presence of IRB, suggesting IRB
as important Hg methylators in this sediment.

RG11-O5
MERCURY-RELATED HUMAN HEALTH RISKS
ASSOCIATED WITH THE CONSUMPTION OF FISH FROM
THE ATHABASCA OIL SANDS REGION IN NORTHEAST
ALBERTA, CANADA
1

2

BRESEE, Karl , KOPPE, Bart
(1) Intrinsik Environmental Sciences Inc., kbresee@intrinsik.com (2)
Intrinsik Environmental Sciences
The Athabasca oil sands, situated in Alberta’s Regional Municipality
of Wood Buffalo, continues to be the subject of considerable
environmental debate, both on a regional and global scale.
Concerns have been raised in regards to water use, changes in the
quality of the “receiving” environment (air, water, soil and biota),
effects on the landscape, and impacts on indigenous ways of life.
Most recently, it has been suggested that the deterioration in water
quality downstream from the industrial oil sands development
is leading to the gradual poisoning of communities along the
Athabasca River, the largest watercourse in the oil sands, and in the
Peace-Athabasca Delta.
Ongoing monitoring programs in the oil sands indicate that
measured concentrations of mercury in fish exceed health-based
subsistence guidelines in the region. However, mean mercury
concentrations in fish downstream of the industrial oil sands
development generally fall within the range of regional mercury
concentrations in fish from waterbodies outside the influence
of the oil sands. As well, mean mercury concentrations in
fish from the oil sands region typically fall inside the range of
mercury concentrations reported in freshwater fish from other
North American waterbodies. Concentrations of mercury in fish
from waterbodies in the Athabasca oil sands do warrant certain
limitations on consumption for higher fish intake groups and certain
“at-risk” groups (e.g., pregnant women and children).
This paper will provide a community based and probabilistic
analysis of mercury exposures to people consuming fish from the oil
sands region. The analysis will be based on mercury concentrations
in various species of fish collected from the region over the past
10 years. The risks to human health will be quantified based on
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the various health endpoints associated with mercury exposure.
Analysis will highlight the variability in exposures and health
risks using stochastic exposures and modelled dose-response
relationships from literature. In addition, particular attention will
be paid to the model parameter uncertainties and their influence
on population and individual health risks. Overall, the goal is
to develop a tool that aids individuals and health authorities in
determining the frequency and magnitude of adverse health
outcomes in communities that consume fish from the Athabasca oil
sands.

RG3-O9
MERCURY RELEASE FROM SOILS AMENDED WITH FLUE
GAS DESULFURIZATION SOLIDS
1

1

BRIGGS, Christian W. , GUSTIN, Mae S.
(1) University of Nevada, Reno, briggsc9@gmail.com
Flue Gas Desulfurization derived gypsum (FGD) can be applied
for beneficial use as an agricultural soil amendment however
concern has been raised regarding the release of mercury (Hg)
from these materials to the environment. Recent work showed that
a component of Hg present in the pure FGD material could be lost
to the atmosphere. This study investigated Hg release to the air and
water, from planted and bare soils from Indiana, Alabama, and Ohio
amended with FGD in a laboratory setting. FGD was homogenized
into each soil at rates of 4.5, 45, and 170t/ha and added at 4.9t/ha
as a thin layer to represent a tilled and no-till agricultural setting,
respectively. Data was also collected from unamended soils and
those with applications of commercial gypsum. Twenty four hour
Hg flux was measured from each material on a seasonal time step
over one year. Water that had leached through select materials was
collected seasonally and analyzed for total dissolved and methyl
mercury. Hg accumulation in perennial rye grass (Lolium perenne)
grown in a subset of soil treatments and was quantified.
Total Hg concentrations in the amended soils were similar to
background soils and did not change significantly over the course
-1
-1
of a year (46±9 to 47±2 μg kg , 24±4 to 27±6 μg kg , and 56±9
-1
to 56±12 μg kg for Indiana, Alabama, and Ohio, respectively;
p=0.212, n=17). Hg concentrations of leach solutions from the FGD
amended soils were not different from those reported for US surface
waters. Emissions from amended soils were higher initially relative
to unamended soils however became similar over time. Rye grass Hg
concentrations were not related to amendment rate and were similar
to values reported for foliage grown in uncontaminated settings.

TG7-O6
INFLUENCE OF MOISTURE ON CONTROLLING HG
RELEASE FROM SOILS
1

1

BRIGGS, Christian W. , GUSTIN, Mae S.
(1) University of Nevada, Reno, briggsc9@gmail.com
Parameters that have been shown to influence Hg release from
soils include substrate and air Hg concentration, light, atmospheric
oxidants, temperature and soil moisture. However, for low Hg
containing soils the influence of specific parameters can vary
across space and time. We hypothesized that soil moisture loss,
because it integrates the influence of multiple parameters, may be
a useful tool for predicting Hg flux from background soils. For
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this project data was collected from low mercury containing soils
from Indiana, Alabama and Ohio, and those amended with flue gas
desulfurization derived gypsum as an agricultural conditioner. Hg
flux was measured for these materials on a 20 minute time step over
at least 24 hours using a dynamic flux chamber linked to a Tekran
2537A. Because integrated 24 h Hg fluxes from FGD amended
soils were not significantly different from the corresponding
unamended soil (two sample t-test, p>0.05) data was combined
for the treatments and controls to give a more robust data set. The
following environmental parameters were also quantified over
the flux measurement period: solar radiation, local atmospheric
ozone concentration, relative humidity, soil and air temperature,
mass wetness and loss of soil moisture by evaporation. Data were
divided into two sets: one that was collected from materials that
were constantly wet due to weekly watering to 15% soil moisture
and that derived during water addition experiments when soils had
been allowed to dry for at least a month after which soil moisture
was then increased by at 5-15%. Multilinear regression analyses
of data collected using the soil maintained at 15% moisture using
all parameters measured showed that 50% of the flux variability
could be explained and water lost over the flux period was the most
significant independent variable correlated with flux (p<0.001,
n=132). Using only soil moisture lost accounted for 43% of the
variation in flux. For the dry material watering experiments the
soil moisture lost over the measurement period had the highest
2
correlation with Hg flux (r =0.31, p<0.001, n=36) and using all other
2
parameters in a multilinear regression analyses increased the r to
0.47. As such soil moisture evaporation appears to be a parameter
that may be used to model flux, however the equations developed
need to be tested using field data.

RG11-P4
APPLICATION AND VALIDATION OF THE NATIONAL
DESCRIPTIVE MODEL OF MERCURY IN FISH
1

1

1

BRIGHAM, Mark , FIENEN, Michael N , DONATO, David I ,
2
1
1
WENTE, Stephen P , LORENZ, David L , TROMBLEY, Molly M ,
1
SANOCKI, Chris A
(1) U.S. Geological Survey, mbrigham@usgs.gov (2) U.S.
Environmental Protection Agency
The National Descriptive Model of Mercury in Fish (NDMMF;
Wente, S. P., 2004, U.S. Geological Survey Scientific Investigation
Report 2004-5199, http://pubs.usgs.gov/sir/2004/5199/) is a
powerful tool for analyzing fish-mercury data sets with many
observations. The NDMMF accounts for variations in fish-mercury
concentrations due to species, sampled cut (for example, skinoff fillet, whole body, etc.), fish length, and event (defined as all
fish samples collected at a site during a given year). The NDMMF
facilitates analysis of the distribution of mercury in freshwater fish
by allowing standardized comparisons among sampling events
(that is, among sites and over time). We applied the NDMMF to
a data set of 101,927 observations of fish-mercury concentrations
compiled from numerous state, federal, and tribal monitoring
programs. The data set spans the years 1967-2005, and includes
data from more than 10,000 sites across 49 states in the United
States. The median standard error of prediction was 10.3 percent
(expressed as a percentage of concentration). The median ratio
of model-predicted to measured fish-mercury concentration was
0.94, indicating low bias; the 10th and 90th percentiles of this ratio
were 0.48 and 2.0, respectively, meaning that the central 80 percent
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of predicted values ranged from about half to twice the measured
value. In addition to general measures of model performance, this
presentation will summarize a leave-one-out cross-validation study
that is currently underway. The goal of the validation study is to gain
a better understanding of model performance across a broad range
of characteristics that could affect model predictions, including
fish species, geographic region, and number of observations in a
sampling event. Model performance will also be assessed in relation
to various site attributes (water body type, watershed area, etc.),
which were determined with aid of a Geographic Information
System (GIS), after verifying and correcting (where necessary)
agency-supplied site location data.

MG7-O13
SEDIMENTARY MERCURY DYNAMICS AT TWO
ESTUARINE MUDFLATS IN GREAT BAY, NEW HAMPSHIRE
1

2
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BROWN, Lauren , AMIRBAHMAN, A. , CHEN, C.Y. , VOYTEK,
4
M.A.
(1) ENVIRON International Corp., lbrown@environcorp.com (2)
University of Maine; (3) Dartmouth College; (4) NASA
Estuaries act as repositories for river-borne particulate contaminants
such as mercury (Hg). The high degree of variability in geochemical
and physical characteristics and infaunal density render estuaries
ideal sites for Hg transformation. Porewater and sediment chemical
and molecular analyses were performed at two mudflats to study
Hg dynamics in the Great Bay estuary, New Hampshire, USA.
The site situated at the mouth of a river (Squamscott) was tidally
and fluvially influenced with a wide variation in salinity. The site
located closer to the mouth of the estuary (Portsmouth) was tidally
dominated with higher salinity, a lower advective velocity and
insignificant sediment transport. Sediment from both sites was
mixed, as indicated by the presence of 7Be in the sediment (halflife 53 d). However, mixing at Squamscott was due to sediment
erosion and deposition, while mixing at Portsmouth was due to
bioturbation. Sediment inorganic Hg (Hgi) concentrations and
profiles were similar at both sites. Porewater Hgi concentrations,
acid-volatile sulfides (AVS), alkalinity and DOC were lower at
Portsmouth while sediment Fe(III) was higher due to infaunal
burrowing activity. Sediment-water partitioning of Hgi and lower
DOC concentrations at Portsmouth were proposed to be controlled
by adsorption to freshly precipitated Fe(III) hydroxides and removal
by bioirrigation. Lower AVS at Portsmouth was due to oxidation
of FeS(s) with oxygen introduction. Fluorescence analysis of
DOC revealed a greater percentage of labile, protein-like DOC in
Portsmouth porewater compared to Squamscott. Microbial DNA
analysis showed similar concentrations and distributions of sulfatereducers and iron-reducers at both mudflats, whereas mer-A (a gene
responsible for the production of mercuric reductase which reduces
Hg(II) to volatile Hg0) and methanogen concentrations were
significantly higher at Squamscott. Porewater Hgi concentrations
were higher at Squamscott and peak methylmercury (MeHg)
concentration was closer to the sediment-water interface. Peak
porewater MeHg concentration was higher and at a greater depth
at Portsmouth which may be due to the introduction of labile
DOC deeper in the sediment, indicating greater methylation
efficiency with bioturbation. Porewater and solid-phase MeHg
peaks at Squamscott corresponded to one another and occurred
within the top 4 cm, similar to other estuarine sediments with no
significant degree of bioturbation. A solid-phase MeHg peak was

WWW.MERCURY2011.ORG

not found in the top 10 cm at Portsmouth. The findings of this study
suggest that bioirrigation may affect the methylation efficiency of
sediment, and high sediment Fe(III) levels may affect the sedimentwater partitioning of Hgi, controlling the availability of Hgi for
methylation in bioturbated sediments.

TG3-P1
OBSERVATIONS OF PLUMES OF POLLUTED AIR AT CAPE
POINT
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BRUNKE, E.-G. , EBINGHAUS, R. , KOCK, H.H. ,
1
4
LABUSCHAGNE, C. , SLEMR, F.
(1) South African Weather Service, ernst.brunke@weathersa.
co.za (2) GKSS Forschungszentrum Geessthacht GmbH; (3) GKSS
Forschungszentrum Geesthacht GmbH; (4) Max-Planck-Institute for
Chemistry
Since the beginning of the continuous measurements of gaseous
mercury at Cape Point (South Africa) in March 2007 until
December 2009 about 67 plumes with enhanced mercury
concentrations had been observed. Significant positive correlations
222
of mercury concentrations with CO, CO2 and Rn were observed
in 46, 44, and 24 plumes, respectively. Most of the Hg/CO slopes
lie within a band of 1 – 7 pg/m3 ppb, bracketed by emissions from
biomass burning on the low side and industrial/urban emissions
on the high side. Only a few of the plumes could be attributed
to originate from the industrialized provinces of Gauteng and
Mpumalanga but their Hg/CO and Hg/CO2 emission ratios do not
confirm the anomalously high emissions in this region presumed
by some emission inventories. Using the backward trajectories the
plumes will be classified according to their origin. The relation of
their characteristics to their origin will also be discussed.

MG4A-P2
GASEOUS MERCURY DEPLETION EVENTS AT CAPE
POINT
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BRUNKE, E.-G. , EBINGHAUS, R. , KOCK, H.H. ,
4
5
6
LABUSCHAGNE, C. , KUSS, J. , SLEMR, F.
(1) South African Weather Service, ernst.brunke@weathersa.
co.za (2) GKSS Forshungszentrum Geesthacht GmbH; (3) GKSS
Forschungszentrum Geesthacht GmbH; (4) ; (5) Leibniz Institute for
Baltic Sea Research; (6) Max-Planck-Institue for Chemistry
Since the beginning of the continuous measurements of gaseous
mercury at Cape Point (South Africa) in March 2007 until July
2008 numerous mercury depletion events had been observed as
reported by Brunke et al. (Atmos. Chem. Phys. 10, 1121-1131,
2010). In contrast to mercury depletion events in polar regions
these depletion events last only several hours, occur mostly during
the noon and are not accompanied by ozone depletion. They have
also been observed elsewhere in the marine boundary layer as well
and their mechanism remains obscure. Numerous depletion events
of this type have been observed at Cape Point since July 2008 (on
average one per week) providing a more detailed information about
their occurrence such as on their seasonal and diurnal frequencies,
relation to other trace gases and particles, and relation to backward
trajectories. We will present this new information and discuss its
implications for the mechanism of this type of mercury depletion
events.
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RS4-O5
RETROSPECTIVE EVALUATION OF LIVER MERCURY
CONCENTRATIONS IN ALASKA BELUGA WHALE AND
NORTHERN FUR SEAL POPULATIONS
1

1

1

BRYAN, Colleen E. , DAVIS, W. Clay , MOORS, Amanda J. ,
1
1
1
PUGH, Rebecca , RUST, Lauren , BECKER, Paul R.
(1) NIST, colleen.bryan@nist.gov
The Arctic Marine Mammal Tissue Archival Program (AMMTAP)
has been collecting samples in collaboration with the National
Institute of Standards and Technology (NIST) for long term
temporal studies of marine mammal populations in the arctic
region. These samples are collected according to standardized
protocols and have been cryogenically preserved in the National
Marine Mammal Tissue Bank (NMMTB). The Cook Inlet, Alaska
population of beluga whales (Delphinapterus leucas) has been
declining, prompting concern to further examine this population
and compare mercury exposure concentrations in the Cook Inlet
beluga population with all other beluga populations that have
had samples banked in the NMMTB. Sixty-eight beluga whale
liver samples were collected from 1989-2006 from Cook Inlet
and the Eastern Chukchi Sea through Alaskan subsistence hunts
and stranded animals. The animals in the beluga sample set were
both male and female ranging in age from calf to adult. Declining
populations have also been observed for Saint Paul Island, Alaska
northern fur seals (Callorhinus ursinus) and mercury exposure
concentrations were measured. From 1987-2007, sub-adult male
northern fur seal liver samples were collected from rookeries around
Saint Paul Island through Alaskan subsistence hunts and 35 samples
were analyzed in this study. Total mercury was measured in liver
samples by atomic absorption spectrometry (AAS). Total mercury
concentrations in beluga liver were significantly (p = 0.0021)
greater in the Eastern Chukchi Sea population than the Cook Inlet
population. Male belugas in Cook Inlet had significantly greater (p
= 0.0028) liver mercury concentrations than female belugas in the
same population, while in the Eastern Chukchi Sea there was no
statistical difference (p = 0.0964) between male and female mercury
concentrations. As total beluga body length increased, total mercury
concentrations increased significantly (p < 0.0001) in whale liver.
Mercury concentrations in beluga whale liver increased at a greater
rate in relation to body length in animals from the Eastern Chukchi
Sea than Cook Inlet. Neither Cook Inlet nor the Eastern Chukchi
Sea beluga whale populations exhibited a temporal trend related to
mercury concentrations in liver. Mercury temporal trends will be
examined in northern fur seal livers which do not have the possible
confounding factors of both genders and multiple age classes in the
study population. The evaluation of mercury exposure in beluga and
northern fur seal populations demonstrates the value of long term
environmental specimen banking for retrospective studies.

TS14-P20
MERCURY BIOACCUMULATION AND FOOD WEB
DYNAMICS IN MARINE FISHES OF THE GULF OF
HONDURAS, BELIZE, CENTRAL AMERICA
1
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BUCK, David G , GRAHAM, Rachel T , DIVOLL, Tim , EVERS,
1
David C
(1) BioDiversity Research Institute, david.buck@briloon.org (2)
Wildlife Conservation Society
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Research on mercury (Hg) bioaccumulation and pathways for
contaminant transfer within food webs have historically been
conducted in freshwater aquatic ecosystems and there is a gap
in our understanding of these dynamics in coastal and marine
environments. Recent research in the Gulf of Honduras suggests
that certain apex predators (e.g., goliath grouper) bioaccumulate
potentially toxic levels of Hg. Here we present data on mercury
bioaccumulation and trophic transfer in fishes from the Gulf of
Honduras, with a focus on common food fish. Mercury data are
presented on fishes that occupy multiple trophic levels including
snook, snapper, barracuda, and mackerel. Data suggest that Hg in
fishes of the Gulf of Honduras represents a human and ecological
health risk requiring attention. The Gulf of Honduras is a highly
productive fishery that provides an important livelihood for
numerous coastal communities of Belize and marine fish is a
significant component of the diet of many Belizeans. Future research
in the region should focus on identifying potential atmospheric and
terrestrial-derived sources for Hg in the region.

TS14-P18
MERCURY BIOACCUMULATION AND TROPHIC
TRANSFER IN ESTUARINE FOOD WEBS IN THE
NORTHEASTERN US
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BUGGE, Deenie , WARD, Darren , WILLIAMS, Jason , MASON,
4
1
Robert , CHEN, Celia
(1) Dartmouth College, Deenie.bugge@dartmouth.edu (2) Humboldt
State University; (3) TerraGraphics Environmental Engineering; (4)
University of Connecticut
Estuaries are major repositories of pollutants derived from adjacent
watersheds. They are also important nursery grounds for many
coastal and open ocean species. Estuarine food webs provide
important links between sediment contaminants such as Hg and
coastal fish and shellfish species consumed by humans and wildlife.
Mercury concentrations in estuarine biota depend in part on
bioaccumulation and trophic transfer patterns within estuarine
food webs. We analyzed food web structure and organism total
Hg and methylmercury burden in estuarine food webs at ten sites
on the East Coast (from the Hackensack River, NJ to the Gulf
of Maine) along a Hg sediment contamination gradient. Across
sites, MeHg concentrations in sediments varied by approximately
100 fold, whereas Hg concentrations in biota varied by only 3-8
fold. MeHg concentrations in sediments were not predictive of
biotic concentrations (fish, crabs, mussels) except for polychaete
worms. However, there was a significant positive relationship
between MeHg in sediments and organic carbon (%LOI) across
sampling sites. Biota-sediment concentration factors, a measure
of bioaccumulation, showed a negative relationship with organic
carbon (% LOI) in sediments, suggesting organic carbon regulates
the bioavailability of total Hg. MeHg in the water column (dissolved
and particulate) was predictive of MeHg concentrations in fish
(killifish and Atlantic silversides) and MeHg concentrations were
higher in pelagic fauna than in benthic-feeding fauna suggesting
that chemical flux into the water column may be more important
than bioaccumulation from the sediment for these food webs.
Our results indicate that both biogeochemical and ecological
characteristics of estuarine food webs influence the bioaccumulation
and trophic transfer of MeHg in estuarine food webs.
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RS15-P5
RISK AND POLICY IMPLICATIONS OF SELENIUM –
MERCURY RATIOS: VARIABILITY WITHIN AND AMONG
FISH SPECIES

mercury, MeHg and selenium measured in some of the embryos. We
will compare our results to those obtained by Heinz and coworkers,
and will classify the four species as having low, medium or high
sensitivity to MeHg toxicity.

1

BURGER, Joanna
(1) Rutgers University and CRESP, burger@biology.rutgers.edu
Selenium (Se) plays a protective role against mercury (Hg) toxicity
with uncertainty about both mechanisms and the protection
conferred by different Se:Hg molar ratios. The general applicability
of using molar ratios, rather than concentrations or intakes in risk
assessment and risk management is an important policy issue. In
this paper we report that the selenium/mercury molar ratios vary
considerably among and within fish species. We examined the molar
ratios for individual fish (as opposed to mean ratios by species)
for saltwater fish from the Aleutians and New Jersey. Cold water
fish from the Aleutians are prominent commercial species (e.g.,
Pacific Cod, Halibut) while the recreational-caught New Jersey
fish included a wide range of coastal species. We analyzed species
with low mercury levels, as well as species with high levels. Any
ratio is very sensitive to the denominator, such that the Se:Hg ratio
depended more on Hg concentration than on Se. However some
fish with low Hg concentration also had low Se:Hg ratios. There is
considerable inter-individual variation in molar ratios, such that the
molar ratios of means may not be representative. Mercury levels
varied greatly with fish size while selenium was less variable. The
data indicate that considerable attention will need to be directed
toward variations and variances, as well as the mechanisms of the
interaction of selenium and mercury before risk assessment and risk
management policies can use this information.

MS11-O3
EFFECTS OF METHYLMERCURY ON DEVELOPING
SEABIRD EMBRYOS
1

1

BURGESS, Neil , BRAUNE, Birgit
(1) Environment Canada, neil.burgess@ec.gc.ca
Gary Heinz and colleagues at the USGS recently developed a new
method for comparing the sensitivity of developing embryos of
different bird species to methylmercury (MeHg) toxicity (Heinz et
al. 2009). We adopted this method to compare the toxicity of MeHg
injected into the eggs of four seabirds: arctic tern, Atlantic puffin,
herring gull and thick-billed murre. Freshly-laid seabird eggs were
collected from colonies in Newfoundland and Nunavut, Canada.
The eggs were incubated artificially until day 4 of development, and
then injected with one of a range of doses of MeHg that produced
an environmentally relevant range of egg concentrations. The eggs
were then incubated until the embryos started to hatch by breaking
the eggshell (pipping) or died. Dead eggs were opened and each
embryo’s stage of development was determined. Many embryos
died within a couple of days of pipping. We assumed this was an
artifact of artificial incubation, so we considered all embryos that
survived 90% of incubation to have survived, for the purpose of
calculating an LC50. We will present the LC50 for each species and
the distribution of the stages of development of the embryos that
died for each dose level. We will also present the concentrations of
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TS2-P2
ASSESSING THE ECOLOGICAL RISKS OF MERCURY TO
FRESHWATER FISH AND WILDLIFE ACROSS CANADA
1

2
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BURGESS, Neil , AMYOT, Marc , CAMPBELL, Linda , KIDD,
4
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1
Karen , LUCOTTE, Marc , SCHEUHAMMER, Tony , SEKELA,
1
Mark
(1)Environment Canada, neil.burgess@ec.gc.ca (2) Université de
Montréal; (3) Queen`s University; (4) University of New Brunswick;
(5) Université du Québec à Montréal
The Clean Air Regulatory Agenda of Environment Canada funded
three years of mercury-related research and monitoring across
Canada. One aspect of this scientific program was the Ecological
Risk Mapping Project. There were six component studies under this
project. The FISHg project monitored fish mercury trends in forage
and predatory fish in 15 study lakes across Canada. The Wildlife
Mercury study monitored mercury levels in forage fish and common
loons in four study areas across the country. The Fish and Wildlife
Risk Assessment study compiled a national fish mercury database
and then used it to spatially assess mercury risks to predatory fish
and fish-eating wildlife. The Quebec Fish Mercury Trends study
looked at trends in fish mercury levels in 4 study lakes and the
environmental factors that may be driving those trends. The Fish
Health study investigated the impacts of elevated mercury levels
on the health of yellow perch in southwest Nova Scotia. Lastly,
the Mercury Methylation study evaluated a new biotechnology
for measuring mercury methylation in situ in lakes to identify
hotspots. Several studies were co-located in areas downwind of
major mercury point sources or in mercury sensitive ecosystems.
We will present a summary of the six studies and the teams of
scientists involved. The results of this scientific program will feed
into the Canadian Mercury Science Assessment Report, which will
be published by Environment Canada in 2012.

TS6-P1
CONTINUING IMPACTS OF METHYLMERCURY ON
COMMON LOON REPRODUCTION AT KEJIMKUJIK
NATIONAL PARK
1

1

2

BURGESS, Neil , SCHEUHAMMER, Tony , BEALS, Lindsey ,
1
NUSSBAUMER, Christina
(1) Environment Canada, neil.burgess@ec.gc.ca (2) Mersey Tobeatic
Research Institute
Research at Kejimkujik National Park in 1995-97 revealed a
strong association between poor reproductive success in breeding
common loons and their levels of mercury exposure. We returned
to the Kejimkujik area in 2007-10 to monitor loon productivity on
35 lakes. We also captured loons to measure their blood mercury
levels, and captured the loon’s preferred prey fish (yellow perch)
to determine their mean mercury levels in lakes in 2009 and 2010.
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Mean common loon productivity within Kejimkujik Park was X
young/territorial pair, and over all 35 lakes was Y young/territorial
pair. This compares to productivity within the Park of Z young/
territorial pair in 1995-97. Mean mercury concentrations were A
ug/g in adult male loons and B ug/g in adult females. Juvenile loons
had blood mercury levels of C ug/g. Mean mercury concentrations
in dorsal muscle of standard-length (12 cm) yellow perch ranged
from M – N ug/g in P lakes. Using quantile regression, maximum
loon productivity on lakes was negatively associated with loon blood
mercury concentrations and mean mercury levels in standardlength yellow perch. These findings indicate that mercury continues
to impair the reproduction of common loons in Kejimkujik National
Park.

WS7-O6
LANDSCAPE CONTROLS ON TOTAL AND METHYL
MERCURY IN THE UPPER HUDSON RIVER BASIN OF NEW
YORK STATE
1

BURNS, Douglas A
(1) U.S. Geological Survey, daburns@usgs.gov
High levels of mercury (Hg) in aquatic biota have been identified
in surface waters of the Adirondacks of New York, and factors
such as the prevalence of wetlands, extensive forest cover, and low
productivity waters are associated with Hg bioaccumulation in
this region. Past research in this region has focused on improving
understanding of the Hg cycle in lake ecosystems. In the study
described herein, landscape controls on total Hg (THg) and methyl
Hg (MHg) concentrations in streams were explored through
synoptic surveys of 27 sites in the upper Hudson River basin in
the central Adirondacks. Stream were sampled and analyzed for
THg, MHg, dissolved organic carbon (DOC), and ultraviolet
absorbance (Abs254) during spring and summer of 2006 and 2008.
Landscape indices including common land cover, hydrographic,
and topographic-based measures were explored as predictors of Hg
through multivariate linear regression. Multivariate models that
included a wetland or riparian area-based metric, an index for open
water area, and in some cases a topographic metric, explained 55
to 75 percent of the variation in MHg concentrations, and 60 to 80
percent of the variation in THg concentrations. An open water index
(OWI) was developed as the surface area of ponds/lakes normalized
for the outlet drainage area relative to the total basin area, and this
index was inversely related to THg and MHg concentrations. The
OWI was also inversely related to specific ultra-violet absorbance
(Abs254*100/DOC), consistent with previous studies indicating
that open water increases the influence of algal-derived aliphatic
carbon on DOC, decreasing aromaticity, and decreasing the ability
of DOC to bind Hg. The OWI was not significant in models for
THg that also included Abs254 as a predictive variable, but remained
significantly inversely related to MHg in similar models suggesting
that open waters in addition to decreasing carbon aromaticity, limit
MHg concentrations through additional processes in this river
basin. These data are consistent with removal of MHg by photoreduction and volatilization in open waters, but other processes
such as particle settling and demethylation in bottom sediment
may also contribute to the patterns observed. Study results confirm
the importance of riparian wetlands as sources of Hg species to
flowing waters, but also highlight the role of open water in limiting
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downstream transport of MHg in river networks. These results may
be broadly applicable in northeastern North America and other
settings where rivers consist of linked open water bodies.

RG9-P14
INFLUENCE OF ROADWAY PROXIMITY ON MERCURY
ACCUMULATION AND POPULATION DYNAMICS IN A
WETLAND-DWELLING AMPHIBIAN
1

2

BUSHEY, Joseph , BRADY, Steven P , ARAGON-JOSE, Alejandra
1
2
T , SKELLY, David
(1) University of Connecticut, joseph.bushey@uconn.edu (2) Yale
University
As ubiquitous elements of land development, roads are distributed
pervasively throughout much of North America. Runoff from
impervious surfaces, an indirect effect of roads, contributes
contaminants, including mercury (Hg), to roadside wetlands and
waterways. However, the impact of salinization of waterways on
biogeochemical cycles, particularly organic carbon cycling, and Hg
speciation is lacking. DOC and Hg-Cl complexes impact potential
bioavailability, particularly at sub-lethal levels. Many investigations
focus on lethal doses of single chemical exposure. However, our
burgeoning understanding of the influence of rapid evolution on
ecological patterns suggests that sub-lethal geochemical processes
and demographic processes may interact, resulting in outcomes that
vary among local populations. Understanding the impact that these
interactions may have on Hg fate is critical as our society moves
forward with evaluating sustainable development approaches.
We examined the potential influence of road proximity and
development on the chemical characteristics of five forest and five
roadside temporary wetlands located in northeastern Connecticut.
In roadside wetlands, specific conductance—a close proxy for road
salt—was approximately 25 times that of forest pools, demonstrating
the influence of impervious road surfaces. Hg species along with
base cation, anion and DOC content were analyzed from water
samples collected in April, May and early July 2009. To investigate
biological outcomes, we used a reciprocal transplant experimental
design in which spotted salamanders embryos were grown out in
field enclosures in each of the ten wetlands to parse the influence
of the environment and the population on bioaccumulation.
Total Hg values in late-stage larvae in roadside ponds increased
25% relative to forested ponds. Average larval content was 0.10
ppm with surprisingly lower levels for roadside ponds relative
to forested ponds, possibly reflecting the decrease in dissolved
organic carbon. Additionally, we examined the potential impact
of maternal transfer on the reproductive success of amphibians.
We collected adult woodfrogs in Spring 2010 returning to select
roadside and forested vernal pools in the Yale Experimental Forest,
CT. Pairs of amphibians were bred in captivity with mating adults
and a subsection of the fertilized eggs analyzed for Hg content.
Reproductive success was documented by hatchling success. Adult
females contained higher Hg concentrations (176 ng/g) relative to
males (130 ng/g), with slightly higher content in forest specimens.
While egg content increased with female parent Hg content for both
roadway and forest specimens, maternal transfer of Hg was only
significantly related (a=0.05) for the forested samples.
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RS9-O14
MOBILIZATION OF MERCURY IN AN URBANIZED
SYSTEM
1

1

BUSHEY, Joseph T , MENDES, Mykel D , ARAGON-JOSE,
1
1
1
Alejandra T , PERKINS, Christopher R , ULATOWSKI, Gary
(1) University of Connecticut, joseph.bushey@uconn.edu
Mercury (Hg) ecosystem cycling and the associated biogeochemical
relationships are affected by land use. However, studies concerning
developed ecosystems are limited with previous research focused
on non-urban, remote ecosystems. Developed areas experience
increased atmospheric loading but also experience additional
loading from impervious surface runoff, sewer overflows and
wastewater effluent. Additionally, alterations in biogeochemical
carbon cycling and increases in road salt application can impact Hg
mobilization and flux. We investigated the effects of land use and
combined sewer overflows on watershed Hg loading and association
with organic carbon in the Park River watershed (Hartford, CT).
Samples were collected from a series of sites along the river to target
and separate influences from impervious cover runoff and CSOs as
well as from three sites within the combined sewer system (CSS).
Event samples were collected across the hydrograph targeting base,
rise, peak and fall. Under elevated flow conditions, total Hg (THg)
and methyl Hg (MeHg) concentrations in the river samples varied
from 0.5-14.9 ng/L and 0.04-0.29 ng/L, respectively. While largely
associated with particulates, the dissolved THg increased to 1.4 ng/L
during the hydrograph peak at the suburban site with peak dissolved
THg concentration decreasing downstream. In the CSS samples,
THg concentrations reached 897 ng/L with a maximum dissolved
THg of 23 ng/L. Dissolved THg in the CSS samples increased with
DOC. However, SUVA decreased as DOC increased, suggesting a
shift towards less aromatic organic carbon. A similar relationship
was observed for baseflow samples, although these were much
lower in Hg species and DOC. We are currently characterizing
the DOC characteristics and potential for Hg species binding for
the wastewater, impervious runoff and forested inputs to relate
mobilization with source. Additionally, sorption experiments are
being conducted with purified DOC to assess potential differences
in Hg binding.

RS4-O17
LINKING THE CARBON AND MERCURY CYCLES IN THE
BEAUFORT SEA (ARCTIC OCEAN) USING A SEASONAL,
ONE-DIMENSIONAL WATER COLUMN MODEL
1
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CADIEUX, Marc A , STERN, Gary A , HICKIE, Brendan E ,
4
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MACDONALD, Robie W , LAVOIE, Diane , WANG, Feiyue
(1) Department of Environment and Geography, University of
Manitoba, Winnipeg, Manitoba, Canada, mcadieux@trentu.ca (2)
Fisheries and Oceans Canada, Freshwater Instutute, Winnipeg,
Manitoba, Canada; (3) Environment and Resource Studies, Trent
University, Peterborough, Ontario, Canada; (4) Fisheries and Oceans
Canada, Institute of Ocean Sciences, Sidney, British Columbia,
Canada; (5) Fisheries and Oceans Canada, Maurice Lamontagne
Institute, Mont-Joli, Québec, Canada; (6) Department of Chemistry,
University of Manitoba, Winnipeg, Manitoba, Canada
High mono-methylmercury (MMHg) concentrations have been
reported in Arctic Marine mammals creating concern in northern
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communities that rely on these animals as a food source. Budgets
indicate that the vast pool of mercury (Hg) in the Arctic Ocean
cannot respond quickly to changes in anthropogenic Hg emissions
and that rapid changes mercury concentrations observed in food
webs cannot be explained by atmospheric Hg dynamics alone.
It has thus been hypothesized that physical, biogeochemical
and ecological factors influence Hg cycling within the Arctic
Ocean, likely changing the bioavailability of Hg to food webs.
However, the role and relative influence of many of these factors
in relationship to the Hg cycle remains poorly understood. In this
study, we have adapted a 1D sea ice-ocean-biological (NPZD type)
model for a column of water in the Beaufort Sea to provide the
platform for a Hg fate model. The model is seasonal and calculates
nutrient, phytoplankton, zooplankton, and suspended particulate
concentrations for 22 water layers with a combined depth of
120m. Total Hg and total MMHg are partitioned into particulate,
phytoplankton, zooplankton, and chloride-associated pools and
the transformation and transfer of Hg between pools is based
on speciation rate constants and partition coefficients previously
measured in the Arctic Ocean and elsewhere. The model considers
photolytic, chemical, physical and organic transformations of
Hg, as well as uptake by zooplankton via phytoplankton grazing.
Assumptions made using the current version of the model include
that 1) all Hg(0) in the water column is dissolved gaseous Hg
and; 2) the only evasion of Hg from the water column to the
atmosphere occurs as Hg(0). Here we present simulated seasonal Hg
concentrations of all Hg species included in the model and compare
them to Hg concentrations measured over the past decade in the
Beaufort Sea.

MG4A-P13
ROLE OF CLIMATE AND LOCAL EMISSION SOURCES IN
THE WET DEPOSITION OF MERCURY AND MAJOR IONS
IN THE PENSACOLA BAY REGION
1

2

CAFFREY, Jane M. , KRISHNAMURTHY, Nishanth , LANDING,
2
1
1
1
William M. , BAGUI, Sikha , BROWN, Jesse , BAGUI, Subhash ,
3
HOLMES, Christopher D.
(1) University of West Florida, jcaffrey@uwf.edu (2) Florida State
University; (3) University of California Irvine
Event based wet deposition of mercury, trace metals and major ions
have been measured at 3 sites in the Pensacola Bay watershed since
December 2004. An additional site at Pensacola Beach was added
in 2009. Over this period, emissions in the region have changed as
a result of increased population growth and power consumption,
along with improvements in the major emission source, a coal fired
power plant. Interannual variability in sulfate deposition ranges
from 1000 mg SO4/m2/y to 2500 mg SO4/m2/y, with a consistent
decline at the 3 long term sites in volume weighted concentration
and deposition. There is also significant interannual variation in
mercury deposition and volume weighted mean concentration, with
lower volume weighted mean mercury concentrations in 2008-2009
compared to earlier years. The Hg/SO4 and Hg/NO3 ratios in wet
deposition reflect both long term changes in emissions and different
types of weather systems in controlling short term variability. The
seasonal pattern in Hg/SO4 in precipitation has changed with a
Hg/SO4 ratio in summer and fall about twice that of other seasons
in 2010 compared to the beginning of our sampling. We have also
observed spatial differences in Hg/SO4 and Hg/NO3 ratios among
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our sites and nearby National Atmospheric Deposition Program and
Mercury Deposition Network sites, with lower ratios at the Beach
site and rural site compared to more urban sites.

MG7-P16
MASS INVENTORY OF TOTAL AND METHYL MERCURY IN
THE FLORIDA EVERGLADES
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SCHEIDT, Dan , TACHIEV, Georgio , ROELANT, David
(1) Florida International University, cai@fiu.edu (2) Everglades
Foundation; (3) U.S. Environmental Protection Agency, Region 4
Development of mass inventories of total Hg (THg) and
methylmercury (MeHg), which include inputs, outputs, and
storage in each ecosystem component (e.g., water, soil, flocculent
detrital organic matter (floc), periphyton, macrophyte, and fish),
is important for evaluating the magnitude of mercury (Hg)
contamination in the Florida Everglades, a large freshwater wetland
ecosystem with subareas connected by water flows. The data
obtained through the U.S. Environmental Protection Agency (EPA)
Everglades Regional Environmental Monitoring and Assessment
Program (R-EMAP), along with other datasets which include the
USGS Aquatic Cycling of Mercury in the Everglades (ACME),
the Mercury Deposition Network (MDN), and the South Florida
Water Management District (SFWMD) DBHYDRO database,
were utilized to construct mass inventories of THg and MeHg
for different subareas of the Everglades. Masses of THg storage in
Water Conservation Area 1 (WCA 1), WCA 2, WCA 3, and the
Everglades National Park (ENP) are 914, 1138, 4931, and 7602 kg,
respectively, with soil being the largest sink. The current annual
Hg inputs (primarily from atmospheric deposition) account for
1-2% of the legacy THg storage. Masses of MeHg storage in WCA
1, WCA 2, WCA 3, and ENP are 15, 6.8, 32, and 51 kg respectively,
with soil still being the largest sink but a considerable fraction of
MeHg being entrapped in floc (in particular in WCAs), indicating
the importance of floc in MeHg cycling. Albeit in a minor amount,
water flow can transport THg or MeHg across subareas, with
seasonal transport amounting to 1% or less of THg or MeHg storage,
except for WCA 2 where inflow inputs can contribute 4% of total
MeHg storage. The potential influence of the ongoing Everglades
restoration (e.g., increasing water deliveries to the wetland) on the
across-subarea Hg transport and subsequent ecosystem-scale Hg
cycling should be carefully evaluated.

RG8-P22
THE ROLE OF INVASIVE BLOODY RED SHRIMP IN LAKE
ONTARIO IN BIOMAGNIFICATION OF MERCURY
1

1
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CAMPBELL, Linda M , ZHANG, Liang , ARNOTT, Shelley ,
2
JOHNSON, Timothy
(1) Queen’s University, linda.campbell@queensu.ca (2) Ontario
Ministry of Natural Resources
Hemimysis anomola (bloody red shrimp), an invasive invertebrate of
Great Lakes, was first reported in Lake Ontario in 2006. Literature
from their native range (Ponto-Caspian region of eastern Europe)
suggests Hemimysis prefer nearshore, warmer waters and have
rapid propagation and opportunistic omnivore feeding habits
(zooplankton, phytoplankton, insect larvae, etc). To examine their
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influence on the food web dynamics of today’s Lake Ontario, We
sampled multiple trophic levels, from algae to piscivorous fish,
across a gradient of Hemimysis density in the Canadian waters of
Lake Ontario in the spring, summer and fall of 2009 for mercury,
stable nitrogen and carbon isotopes. Results showed that Hemimysis
is now widely distributed in Lake Ontario, reaching densities of 200
individuals/ m3. The mercury concentrations of Hemimysis from
Waupoos and Cobourg ranged from 11.9 ng/g ww to 21.1 ng/g ww,
Those values are very close to those for the round goby Neogobius
melanostomus and alewife Alosa pseudoharengus, which are
reported to prey on Hemimysis in southeastern Lake Ontario. The
food web results also indicate that small alewife prey on Hemimysis.
However, the top trophic piscivores, brown trout, lake trout, and
other top consumers are not directly impacted by Hemimysis in Lake
Ontario to date. However, comparative food web analyses indicate
that Hemimysis do elevate the mercury biomagnification in top
trophic predators by lengthening the food chain.

MG7-O12
EFFECT OF TIDAL FLOODING ON EXPORT OF
METHYLMERCURY AND MERCURY FROM SALT MARSH
SEDIMENTS (TAGUS ESTUARY, PORTUGAL)
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CAETANO, Miguel , VALE, Carlos , MONTEIRO, Carlos ,
1
NOGUEIRA, Marta
(1) IPIMAR/INRB IP, jcanario@ipimar.pt (2) Acadia University,
Department of Earth and Environmental Sciences
Recent works pointed to the elevated production of methylmercury
(MeHg) in salt marsh sediments and its accumulation in the
root-sediment system. During flooding tide the complex mosaic
of channels in the rooting sediment are filled with tidal water. To
the best of our knowledge the effect of this pumped mechanism on
MeHg produced in salt marshes has not been documented.
In order to gain a better understanding of the distribution and
export of MeHg, flooding water and sediment cores (10-cm long)
were sampled several times during the first 30 minutes of tidal
flooding in two salt-marshes of the Tagus estuary. Immediately after
sampling, water was filtered and sediment cores sliced and stored
in decontaminated plastic bags. In the laboratory, separations were
performed to obtain subsamples of sediments, pore waters, and
roots. Reactive mercury, total mercury MeHgD were quantified in
water samples and total mercury (Hg) and methylmercury (MeHg)
in solid sediments and belowground biomass. Physico-chemical
parameters such as organic carbon, pH, salinity and dissolved
sulphate and sulphide were also determined in water and sediments.
Concentrations of dissolved mercury species in flooding water
increased up to 10 times during the first four minutes of tidal
flooding. Concomitantly MeHg levels decreased in pore waters and
solid sediments. Before flooding MeHg in roots was up to 35% of
the total Hg, but decreased to 8% and 4% only 2 and 8 minutes after
the inundation. These results suggest that MeHg is far mobile that
would be expected if the sequestration processes was dominated
by the strong affinity to cysteine-rich peptides. The short-time
variations registered in this study indicate a shift on the mercury
equilibrium between pore waters, solid sediments and root surface.
Moreover, as water floods the salt marsh mercury, namely MeHg,
escape the sediments being potentially available to biota living in
salt marshes.
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in the global pool. Since almost 30% of the Earth’s land is covered
by vegetation the role of plants in the atmospheric mercury cycling
is, therefore important in assessing the mercury fate on regional
and global scales. This issue is particularly relevant in salt-marshes
where it is known that vegetation in these ecosystems tend to
accumulate large amounts of mercury.

TG10-P2
CHANGES IN MERCURY PARTITIONING AND
SPECIATION IN THREE ADJACENT COASTAL SYSTEMS
(PORTUGAL) DUE TO A HEAVY RAIN SEASON
1

CANÁRIO, João , BRANCO, Vasco, VALE, Carlos
(1) IPIMAR/INRB IP, jcanario@ipimar.pt
Resolution of the biogeochemical cycle of Hg within estuaries
is complicated by their physical, chemical and hydrological
heterogeneity, variation on productivity, biodiversity, mercury
inputs, and propensity for mercury to bioaccumulate in food webs.
Several physical-chemical factors have been studied in order to
access Hg partitioning and speciation within estuaries. Nevertheless,
the effect of the increase in freshwater and river runoff during heavy
rain periods is poorly documented.
In summer 2009 and in the heavy rain winter of 2009/2010 water
and sediments were collected in the Tagus and Sado estuaries as
well as in the Óbidos Lagoon. Tagus is known to have a high Hg
contamination while Sado and Obidos are much less contaminated.
Water samples were analysed for dissolved and particulate mercury
and methylmercury and sediments were also analysed for the two
Hg species.
-1

While in Sado no differences in Hg concentrations (HgT<19 ng L )
were found in water in the two periods, in Tagus a considerable
decrease in those concentrations was determined (summer: HgT 13-1
-1
97 ng L ; winter: HgT <DL-30 ng L ). In contrast, it was observed
a considerable increase of Hg in Obidos lagoon (summer: HgT <
-1
-1
1.3 ng L ; winter: HgT 35-90 ng L ). These changes were followed
by a substantial decrease in salinity in the Tagus while in the other
sites no considerable differences were detected in this parameter.
Methylmercury concentrations followed a similar pattern for the
three systems in spite the MeHg proportion (in %) in Sado and
Obidos decreased substantially. In the Tagus its proportion did not
varied albeit presenting 10 times less MeHg.
Our results suggest that for Tagus and Sado Hg partitioning and
speciation are ruled by a salinity effect. Freshwater input into the
estuaries may reduce the complexation effect on Hg reducing
therefore its concentrations in solution. On the other hand, the
increase of Hg in the water column in the Obidos lagoon suggests an
increase of Hg runoff from agriculture soils and possibly an increase
of atmospheric Hg deposition.
Our study points to the importance of considering several variables
for a chemical quality characterization of a water system.

TG3-P3
MERCURY CONCENTRATIONS AND VEGETATIONATMOSPHERE FLUXES IN SALT-MARSH PLANTS (TAGUS
ESTUARY, PORTUGAL)
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2
Martin
(1) IPIMAR/INRB IP, jcanario@ipimar.pt (2) Environment Canada
A number of studies have shown that natural surfaces (e.g. soil,
water, vegetation) contribute to a considerable amount of mercury
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In order to assess the role of salt-marsh plants on the mercury
vegetation-atmospheric fluxes, three salt marsh plant species,
Halimione portulacoides, Sarcocornia fruticosa and Spartina
maritima were selected from a moderately contaminated site in the
Tagus estuary (Alcochete marsh). Total mercury in stems and leaves
for each plant site as well as total gaseous mercury and vegetationair fluxes were measured over two continuous days. Mercury fluxes
was estimated with a dynamic flux Tedlar® bag coupled with an high
resolution automated mercury analyzer (Tekran 2537A). Other
environmental parameters such as air temperature, relative humidity
and net solar radiation were also measured aside.
H. portulacoides showed the highest total mercury concentrations
in steams and leaves and the highest surface area of all species. The
same was observed for the average vegetation-air flux (0.39±0.24
-2 -1
ng Hg m h ). Interestingly, S. maritima (Hg flux: 0.12±0.09 ng Hg
-2 -1
m h ) had lower flux and concentration levels then S. fruticosa (Hg
-2 -1
flux: 0.23±0.22 ng Hg m h ) in spite having a higher surface area.
These results suggest that Hg vegetation-air flux is apparently more
related to the Hg concentration in the above ground plant parts than
to the above ground surface area.
The continuous measurements appointed to a daily pattern for all
plants with enhanced fluxes during daylight and lower flux during
the night. It was noticed that throughout the measurements a
negative flux (air-vegetation) were never observed suggesting the
0
absence of net Hg deposition.
Based on the above fluxes and the total area occupied by each
0
species we have estimated the total amount of Hg emitted from this
-1
salt-marsh. It was predict a daily emission of 0.81 mg Hg d from
d-1
the Alcochete marsh and 119 mg Hg for the entire salt marsh area
of the Tagus estuary.

TG3-P5
PROGRESS TOWARD A U.S. NATIONAL MAP OF
MERCURY IN SOILS
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CANNON, William F. , WOODRUFF, Laurel G. , SMITH, David B.
(1) U.S. Geological Survey, wcannon@usgs.gov (2) U.S Geological
Survey

The U.S. Geological Survey is conducting a survey of the
geochemistry and mineralogy of soils within the conterminous
United States. The work, begun in 2007, is to be completed by
2013 or sooner. The goals of the survey are: 1) develop a nationalscale framework for generating and managing geochemical and
mineralogical data now and in the future; 2) produce a soils data
base, and its representation in map form, generated with consistent
and up-to-date protocols for sampling and analyses; and 3) establish
an archive of soil samples for future investigators. The completed
dataset will identify natural regional background levels and controls
on soil geochemistry, as well as identify human impacts on the soil
landscape, resulting in a better understanding of links between soil
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geochemical factors and environmental and human health. The
survey is based on widely spaced sampling and intended to define
regional trends in the chemical and mineralogical composition
of soils. The nominal sample spacing is 40 km within a spatially
balanced random array of sites. This results in nearly 5,000 sites
across the country. At each site soils were collected from three
depths: 1) at about 1 m; 2) a composite of the A-horizon; and 3)
the upper most 5 cm of soil regardless of horizon. The <2mm
fraction of each sample is digested with an aggressive four-acid
technique which results in near-total digestion. The concentrations
of a broad suite of elements are quantified mostly with inductively
coupled plasma mass spectrometry. Total mercury concentration
is determined by cold vapor atomic absorption analysis following
digestion in a mixture of nitric and hydrochloric acids. This
technique has a detection limit of 0.02 mg Hg/kg.

The results suggest that the majority of trace and major element
loading to the Wasatch snowpack occurs via dust deposition. The
dust-derived elements remained within the snowpack over the
course of the study, in contrast to non-particulate mercury (for
example) which is typically volatilized to the atmosphere following
deposition. To our knowledge, no other studies have demonstrated
that dust deposition is the major vector of trace element loading
to snowpack. Comparison with the published literature also shows
that concentrations of some trace elements and major ions from
the “clean” (March) snowpack in the central Wasatch are elevated
compared to those in other locations due, most likely, to the
influence of urban pollution sources.

The sampling phase of the survey was completed in 2010 and the
analytical chemistry and mineralogy determinations are in progress.
Results for approximately half of the country are now available.
The data show about three orders of magnitude variation in total
Hg between individual samples and define prominent differences
in typical baseline concentrations between regions. Samples from
three depths at each site help to define the relative contribution of
atmospheric deposition vs. geologic sources for mercury. Data on
the concentration of other elements, which can influence mercury
concentration, such as organic carbon and sulfur, can also support
interpretations of mercury sources and sequestration processes
which vary according to factors such as land cover/land use
characteristics, climate, and soil parent material.

ELEVATED METHYLMERCURY AND PATTERNS OF
BIOACCUMULATION IN THE AQUATIC FOOD WEB OF A
HIGHLY MERCURY-CONTAMINATED RESERVOIR AND
DOWNSTREAM IMPACT IN THE LOWER EBRO RIVER,
SPAIN

TG4B-O3
DUST-DOMINATED DEPOSITION OF MERCURY AND
OTHER TRACE ELEMENTS TO WASATCH MOUNTAIN
SNOWPACK
1

1

CARLING, Gregory T. , FERNANDEZ, Diego P. , JOHNSON,
1
William P.
(1) University of Utah, greg.carling@utah.edu
Snow columns were collected at peak snowpack at 12 sites across the
central Wasatch Mountains, Utah, during March and April 2010 to
determine concentrations of mercury, trace elements, major anions
and cations, and pH. The timing of sample collection coincided
with the onset of dust events driven by southerly pre-frontal winds.
Snow samples were melted in the laboratory and subsampled for
analyses of filtered (0.45 μm) and unfiltered fractions. Most trace
elements displayed large increases in concentration (for example,
factor of 3 increase for mercury, and factors of 2-13 increases
for arsenic, cadmium, copper, lead, and uranium) between the
6 sites sampled in March (prior to dust deposition), and the 6
sites sampled in April (after dust deposition). April snowpack
was elevated relative to March snowpack in concentrations of the
following trace elements: Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, Li,
+
+
Mg, Mn, Ni, Pb, Sb, Sr, Ti, U, V, and Zn; and major ions: K , Na ,
2Cl , and SO4 . Acid neutralizing capacity and pH were also elevated
in April relative to March snowpack. Comparison of elemental
mass fraction associated with particles >0.45 μm (calculated as
the difference between unfiltered and filtered concentrations)
and <0.45 μm (filtered concentration) shows that the increase in
concentrations between March and April snowpack is primarily
a result of elemental association with dust particles >0.45 μm.
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RG15-P9
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TOBIAS, Aurelio , BAYONA, Josep M. , DÍEZ, Sergi
(1) Institute of Environmental Assessment and Water Research
(IDAEA-CSIC), lccqam@cid.csic.es (2) Institute of Aquatic Ecology,
University of Girona
Since the 19th century, large amounts of industrial waste containing
high concentrations of mercury (up to 436 μg/g) were dumped
in a reservoir adjacent to a chlor-alkali plant in the lower Ebro
River (NE Spain). Previous toxicological analysis of carp (Cyprinus
carpio) populations inhabiting the surveyed area have shown that
the highest biological impact occurs downstream of the discharge
site. In the present study, various fish species were selected in order
to investigate the bioavailability and bioaccumulation capacities
of both total mercury (THg) and methylmercury (MeHg) in the
discharge site and downstream points. Multiple Correspondence
Analysis (MCA) was applied to reduce the dimensionality of the
data set, and Multiple Linear Regression (MLR) models were
conducted in order to assess the relationship between both THg
and MeHg concentrations in fish and different variables of interest,
namely sampling site, fish species, gender and length.
Experimental results showed that mercury levels in fish inhabiting
the highly polluted dam where the discharge site is located were
about twofold higher than those in the upstream site. Moreover,
although the THg concentrations indicated that Hg in fish increased
significantly with increasing trophic position, surprisingly, MeHg
percentages were higher for non-piscivorous species than for
piscivorous ones. This was an unexpected but and important
finding, since the most efficient bioaccumulators of MeHg should
be the piscivorous species located at the top of the food chain. Data
suggest that MeHg contamination in aquatic organisms from a
highly Hg-polluted environment might be explained by the habits,
i.e. food, prey and ecology of the species, and is thus dominated
by the amount of bioavailable MeHg rather than by differences in
trophic level.
On the other hand, mercury pollution increased progressively
downstream of the hot spot. In this sense, both THg and MeHg
levels found in the farthest downstream point were three times
greater than those close to the waste dump. This result clearly
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indicated a downstream transport and an increase of the
bioavailability of mercury according with the distance to the source
of contamination, which may ultimately affect the Ebro Delta
Natural Park, the second most important wetland in Spain.

MG7-P40
TEMPERATURE-PROGRAMMED DESORPTION OF
MERCURY IN FRESHWATER SEDIMENTS FROM THE
CANADIAN ARCTIC AND SUB-ARCTIC
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CARRIE, Jesse D , STERN, Gary A. , SANEI, Hamed
(1) University of Manitoba, carrie@cc.umanitoba.ca (2) Freshwater
Institute, Dept. of Fisheries and Oceans Canada; (3) Geological Survey
of Canada-Calgary
Temperature-programmed desorption (TPD) of mercury (Hg) is
a method that can determine broad classes of Hg-binding species,
such as Hg(0), HgX2, humic/organic-bound Hg, HgS and HgO and
the relative proportion of each specie in a soil or sediment matrix,
in lieu of operationally defined speciation typical of sequential
extractions. It also has the benefit of only needing minute amounts
of sample (~10-100 mg) for analysis when coupled with a sensitive
detector such as atomic fluorescence. We have used TPD to analyse
a series of sediment samples from freshwater systems, ranging
from surface sediment from rivers from the Mackenzie River
Basin in northwestern Canada to lake sediments from numerous
sites across Arctic and sub-Arctic Canada. Our results show that
samples derived from mountainous tributaries of the Mackenzie
River contain Hg predominantly as HgS (likely from weathering of
widespread sphalerite (ZnS) deposits), while samples from Arctic
lakes show a predominantly humic/organic signal and sub-Arctic
lakes show a mix of both humic/organic and HgS. The mountainous
tributary sites are concordant with previous sequential extraction
data showing sulfide-bound Hg and illustrate the importance of
geogenic processes on the Hg in the Mackenzie River Basin. As
sample size did not allow for sequential extractions of the Arctic/
sub-Arctic lake sites, TD was effective in corroborating the
correlations seen between Hg and organic matter fractions from
Rock-Eval Analyses (i.e., S2 carbon). This method is also useful to
determine relative bioavailability of Hg in sediments and soil.

RG1-P32
DETERMINATION OF METHYLMERCURY IN HUMAN
HAIR: A COMPARISON OF DIGESTION METHODS
1

1

1

CARTER, Annie , UM, MiSun , NELSON, Brittany
(1) Brooks Rand Labs, annie@brooksrand.com

Mercury is a well-known human health hazard and is routinely
monitored in public health studies in order to assess its effects on
health outcomes. Total mercury is frequently measured to assess
human exposure due to the relative ease of analysis; however, this
information does not always provide sufficient information to
accurately assess the source of exposure and/or risk to a person
or community. Methylmercury biomonitoring is of greater value
in predicting health outcomes due to the fact that it is more
bioaccumulative and has more serious neurological effects than
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inorganic mercury. Because there is no definitive correlation
factor establishing the ratio of methylmercury to total mercury in
biological samples, it is important to measure methylmercury in
human biomonitoring studies. Minimally invasive sample collection
is desirable in most instances; therefore, human blood, urine, and
hair are typically collected for analysis. Hair is particularly valuable,
as it provides an exposure timeline, rather than instantaneous
snapshots of body burden provided by blood or urine analytical
results. The digestion techniques routinely employed for the
determination of methylmercury in hair are often subject to matrix
interferences. In this study, we critically investigated digestion
procedures for the analysis of methylmercury in hair samples.
Two digestion methods were compared: 25% potassium hydroxide
in methanol and 4.57 M nitric acid. Both methods are based on
procedures described in the peer-reviewed literature and were
assessed for accuracy, reliability, and ease of preparation. After
digestion, all samples were analyzed following EPA Method 1630
(CV-GC-AFS). The potassium hydroxide/methanol digestion
method exhibited significant matrix interference, as demonstrated
by the recoveries of matrix spikes and certified reference materials.
The causes of this interference were investigated. The nitric acid
digestion method did not exhibit a substantial level of matrix
interference, and excellent recoveries were achieved for matrix
spikes and reference materials.

FS15-O10
REACTIVATION OF MERCURY INHIBITED MAMMALIAN
THIOREDOXIN REDUCTASE BY SELENITE: IMPLICATIONS
FOR TREATMENT OF MERCURY POISONING
1

2

2

CARVALHO, Cristina , LU, Jun , ARNÉR, Elias , HOLMGREN,
2
Arne
(1) Faculty of Pharmacy, University of Lisbon (iMed.UL), cristina.
carvalho@ff.ul.pt (2) Department of Medical Biochemistry and
Biophysics, Karolinska Institutet
Mercury inhibition towards the thioredoxin system and in
particular to thioredoxin reductase (TrxR) is an important
molecular mechanism of mercury toxicity. In the present work,
the effects of mercuric chloride (HgCl2) and monomethylmercury
(MeHg) on TrxR were deeply investigated by relating activity and
structure modification. Mass spectra analysis demonstrated the
formation of adducts between mercury molecules and TrxR leading
to inactivation and BIAM-labeling demonstrates the involvement
of the active site selenocysteine in the inhibition. Selenite serves
as an antagonist of mercury toxicity but molecular mechanism of
detoxification is not clear. The effects of selenite on the inhibition of
thioredoxin system by mercury were investigated. At concentrations
higher than 5μM, TrxR displayed full activity recovery in selenite
reduction assay and 70-80% activity recovery in thioredoxindependent insulin reduction assay. The structural analysis by MS
indicated that a mercury was replaced from the selenenylsulfide
adduct by selenium possibly with the formation of mercury(II)
selenide. The detoxified TrxR could be identified through the
formation of a diselenide bond (-Se-Se) with the active site 498
SeCys. These results stress the role of TrxR as a target of mercurials
and provide the mechanism of selenium as a detoxicant agent of
mercury poisoning.
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RS4-O18
MERCURY IN STREAM AND LAKE SEDIMENTS: ARCTIC SUBARCTIC PATTERNS
1

1

2

CASTONGUAY, Mark , NASR, Mina , CHETELAT, John ,
3
1
MORRISON, Heather , ARP, Paul A.
(1) Faculty of Forestry and Environmental Management, University of
New Brunswick, (2) Environment Canada, National Wildlife Research
Centre, Carleton University; (3) Science and Technology Integration
Division, Environment Canada
Increasing Hg emissions from tropical and temperate regions
should have increasing impact on total Hg (THg) accumulations
in lake and stream sediments in Polar Regions. The analysis of
the Geological Survey of Canada (GSC) files on THg in the lake
and stream sediments across northern Canada revealed that THg
in sediments is strongly affected by local metallogenic sources.
Factors pertaining to local climate, vegetation cover and topography
also play a role, with colder generally frozen areas keeping the
THg accumulations fairly low, while vegetated catchments and
biologically active streams and lakes with enhanced organic matter
accumulations display a greater degree of Hg sequestration from
geogenic as well as atmospheric sources. The role of topography
varies from exposing trace-metal bearing bedrock along steep slopes
to trapping water-mobilized Hg through sedimentation processes
in lakes and slow flowing streams. Hence, THg concentrations were
found to be lower at lowland sampling locations than at upland
sampling locations. In addition, despite the already reported higher
lake sediment THg than streams in national scale, the close-up of
northern survey revealed the opposite trend (p-value < 0.0001). The
THg concentrations decreased with increasing stream order and
increasing wet-area coverage per basin.

RS13-P5
A RAPID COLORIMETRIC PAPER-BASED SCREENING
METHOD FOR MEASURING MERCURY IN MARINE
SYSTEMS
1

2
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CAVOURA, Olga , CAMPBELL, Erin , DAVIDSON, Christine.M ,
1
KEENAN, Helen.E
(1) David Livingston Centre for Sustainability, Department of Civil
Engineering, University of Strathclyde, Glasgow, Scotland, UK, olga.
cavoura@strath.ac.uk (2) WestCHEM, Department of Pure and
Applied Chemistry, University of Strathclyde, Glasgow, Scotland, UK
There is considerable current interest in the development of simple,
cheap analytical approaches for measuring potentially toxic metals
and organometallics in the environment, especially methods that
are field-deployable and that can be used by individuals with
no scientific training. Amongst the simplest of these are paperbased sensors [1]. These test strips are analogous to litmus paper
in that they are impregnated with reagent(s) that change colour
on exposure to a specific pollutant, the intensity of which can be
estimated ‘by-eye’ or read out by an electronic device, and relates to
the pollutant concentration present. Key analytical challenges in the
development of such sensors include ensuring that they are selective,
sensitive and stable. Such a method has recently been reported for
mercury involving reduction of inorganic mercury to elemental
mercury and trapping on detecting papers with a copper iodide
coating [2]. A preliminary sample digestion procedure is added for
the determination of analyte in solid samples. The approach – which

WWW.MERCURY2011.ORG

has been implemented previously in soil and fresh water sediment
– is here evaluated for its applicability in the marine environment.
Sensitivity and reproducibility were tested in distilled water, artificial
seawater of different salinities, and in real environmental samples.
Distinctions could be observed between the responses of solutions
-1
whose concentrations differed by at least 20 μg L over a range from
1
15 – 100 μg L- , and whose concentrations differed by at least 50 μg
-1
-1
L in the range from 100 – 250 μg L . The effective detection limit
-1
was ~ 15 μg L . Salinity ranging from 0-40 psu did not appear to
affect significantly the response of the method. The procedure was
applied as a screening analysis to provide a preliminary estimate of
levels of mercury in contaminated marine sediment obtained from
the Gulf of Elefsina, Greece. Sediment samples containing > 100
ng/g mercury were successfully identified, as confirmed by cold
vapour atomic absorption spectroscopy.

RS13-O6
SCREENING AND DETERMINATION OF MOBILITY FOR
MERCURY IN MARINE SEDIMENT
1

1
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CAVOURA, Olga , KEENAN, Helen.E , DAVIDSON, Christine.M ,
2
KATSIRIS, Nicholas
(1) University of Strathclyde, Glasgow, Scotland, olga.cavoura@strath.
ac.uk (2) Department of Sanitary Engineering and Environmental
Health, National School of Public Health, Athens, Greece
Implementation of a screening method for mercury in the marine
environment for the identification of contaminated sediment
followed by classification of mobility has been carried out in the
Bay of Elefsis, one of the most industrialized areas in the Attica
Region of Greece. With releases of mercury being both natural
and anthropogenic, and sediment contamination resulting from
surface water run off, discharge of industrial effluent, atmospheric
deposition and from the aquatic environment itself, the extent
of sediment mercury pollution is difficult to assess. Screening
involving sample digestion, reduction of inorganic mercury to
elemental mercury, and the trapping of elemental mercury on
detecting papers with a copper iodide coating, to produce a colour
the intensity of which is related to the mercury concentration in
the sample has been implemented previously in soil and fresh
water sediment [1]. This method was implemented in the marine
environment. Marine sediment samples were obtained from
the Gulf of Elefsis, both coastal and from the centre of the bay.
Industrial discharges in the bay arise mainly from shipyards,
steelworks and oil refineries. Coastal sampling points were selected
in the region of two shipyards, two in the region of refineries, one
from a ship disassembly unit, and one sampling point from an outlet
that receives effluent from several industries such as asphalt and
paper production. Three samples were also collected from the centre
of the bay. Previous determinations of metal concentrations have
indicated higher results for coastal regions, consistent with pollution
directly as a result of main land industrial activity. Screening results
indicate that total mercury concentrations in the majority of the
samples exceed 0.1 mg/kg, the method detection limit. There is no
agreed international limit value for mercury in sediment. However,
subsequent quantification of the mercury concentration in the
samples indicated that some exceed the Canadian sediment quality
guideline value of 0.13 mg/kg for marine sediment. Determination
of the mobility of mercury in the samples was carried out using
sequential extraction, identifying mobile, semi mobile and non
mobile species concentrations. The mobile fraction was further
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separated into organic and inorganic forms of mercury using solid
phase extraction with sulphydryl cotton fibres [2].

TS16-P2
MERCURY BIOAVAILABILITY IN SOILS IMPACTED BY
INDUSTRIAL WASTES: CASE STUDY OF THE CENTRES
(QUEIMADOS MUNICIPALITY, RIO DE JANEIRO STATE,
BRAZIL)
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(1) Federal Fluminense University (UFF), Niterói, RJ, Brazil., geo_
ricardocesar@yahoo.com.br (2) Federal Fluminense University (UFF),
Niterói, RJ, Brazil; (3) Centre for Mineral Technology (CETEM), RJ,
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The CENTRES (Queimados Municipality, Rio de Janeiro State,
Brazil) should be a temporary area for industrial wastes storage.
However, over the two last decades the wastes have not been
receiving an appropriated disposal, thus contaminating soils
with heavy metals, including mercury. This work proposes the
ecotoxicological assessment and the study of mercury bioavailability
levels in superficial soils from the CENTRES. Soil samples were
collected in November/2009. Granulometric analysis was conducted
with nylon sieves of 0.075mm and 1.7mm. Mercury concentration
was quantified in the two fractions: <0.075mm and 1.7-0.075mm.
Acute bioassays (14 days) with earthworms (Eisenia andrei)
were performed with bulk soil samples, following ASTM (2004).
Survival organisms were sent to total mercury determination.
Bioconcentrations factors (BCF) were calculated though the ratio
between mercury content in the organisms and the concentration in
the soil. Total mercury determination was executed with LUMEX,
a portable Atomic Absorption. The granulometric analysis revealed
very sandy materials. Although the fine fraction (<0.075mm)
corresponds about 7% of the granulometric distribution, it is able to
fix around 66.9% of the total mercury (mean mercury concentration
= 894.36 ± 596.60 ng/g). Such affinity between mercury retention
and fine fractions is possibly related to the increase of the specific
surface contact, as well as to the presence of expansive clay minerals
(vermiculite) in these soils. Total mercury contents in the bulk
samples were higher than the limits established by Brazilian
legislation (50ng/g). The acute bioassay revealed the absence of
significant lethal effects of the organisms. This observation may be
associated with the actuation of expansive clay minerals, which are
able to reduce mercury (and other heavy metals) concentrations in
the soil solution, decreasing the bioavailability for the earthworms
(though dermal contact). However, the animals had a significant
biomass loss after 14 days of exposure, suggesting that the
contaminants were able to provoke some stress. In general, mercury
determination in the earthworm’s tissues revealed BCFs values
lower than one unit; suggesting low bioavailability levels of mercury
(as previously indicated such low lethality levels). Just one sample
presented BCF higher than one unit, possibly due to its low pH
value (pH = 4.6) that tends to increase mercury bioavailability for
the earthworms.
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TS16-P1
MERCURY BIOACCUMULATION BY EARTHWORMS
EXPOSED TO AN ARTIFICIALLY CONTAMINATED
TROPICAL SOIL
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Mercury is one the most toxic heavy metals and the contamination
of soils has been causing serious damages on biota. This
investigation proposes the study of mercury bioaccumulation by
earthworms (Eisenia andrei) exposed to an artificially contaminated
tropical soil (yellow ferralsol). The bioaccumulation assay was
performed according to ASTM (2004). The test was conducted with
five replicates and composed by two steps: (i) bioaccumulation
step, when 540 organisms are exposed on the test-soil during 28
days (ASTM, 2004); (ii) depuration step, when the survival worms
are transferred to a non-contaminated artificial soil, where they
remain for 28 days (ASTM, 2004). In order to evaluate temporal
variability of mercury uptake and depuration rates, 30 organisms
were taken from the soil in previously defined days, and sent to
total mercury analysis. Bioconcentrations factors (BCF) were
calculated through the ration between mercury content in the
organisms and the concentration in the soil. The contamination of
the soil was performed with a solution divalent mercury. Mercury
concentration in the soil was 5.00mg/kg, which is much higher than
the limits established by WHO and Brazilian legislation (0.05mg/
kg). By the end of the bioaccumulation step, 30% of the organisms
were dead. This observation suggests that this dose (5.00mg/kg)
seems to be very toxic under chronic exposure (28 days), although
it has not provoked significant lethal effects under acute exposure
(14 days). Another aspect which may indicate such high chronic
ecotoxicity is the absence of cocoons by the of the bioaccumulation
step, suggesting that the presence of mercury was able to affect
the reproduction of the earthworms. Mercury concentration in
worm’s tissues had an increment of 120 times in comparison with
the naturally content observed in the control sample (0.02mg/
kg). Thus, BCFs were relatively high (between 2 and 20 units),
suggesting that the organisms were able to absorb and accumulate
mercury. Such high bioavailability may be justified by the acid pH
value of the soil sample (4.8 units), low organic matter contents
and mineralogy essentially composed by kaolinite. On the other
hand, the earthworms were only able to eliminate about ¼ of the
bioaccumulated mercury amount, suggesting the existence of
internal fixation mechanisms, possibly into the intestinal tract.
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MG6-P1
MERCURY DETERMINATION IN SOILS AND FLUVIAL
SEDIMENTS IMPACTED BY MINING ACTIVITIES AT
THE PARACATU MUNICIPALITY, MINAS GERAIS STATE,
BRAZIL
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Paracatu Municipality (northern Minas Gerais State, Brazil) has
been suffering with several environmental impacts due to gold
mining activities, whose extraction has been performed by mining
companies. This investigation proposes mercury determination
in soils and fluvial sediments along different micro-basis at the
Paracatu Municipality. Samples were collected in October/2010
(17 superficial soils and 17 bottom sediments). The determination
of pH was executed in water (1:2.5 – soil:water). Total mercury
determination was only performed in the silt-clay fraction
(<0.075mm). Mercury contamination intensity in the sediments
was evaluated by calculating Geoaccumulation Indexes (IGEO). The
IGEO is a logarithmic scale which allows classifying contamination
levels according to the geochemical background in the standard
shale (40ng/g). In general, soils and sediments were extremely
sandy, except for some collecting points of low fluvial energy. Values
of pH were in the neutral range (mostly between 5.5 and 7 units),
and represents a low contribution in the mercury mobilization. In
general, mercury concentrations were about 50ng/g in most of the
sampling points. Such values can be considered low, since they are
similar to the concentration in the standard shale (40ng/g) and to
the São Paulo State pedogeochemical background (50ng/g). Mercury
contents in the sediments (mean value = 60.28 ± 111.17ng/g) were
higher and presented a lower spatial variance in comparison with
sediments (mean value = 52.35 ± 54.05ng/g). Contamination hot
spots were found in areas affected by mining activities, suggesting
that mercury is good indicator of environmental impacts. In fact,
IGEO values indicated the existence of “low to moderately polluted”
zones closer to the areas explored by mining companies (especially
in the Rico Creek micro-basin). The other IGEO values indicated
the occurrence of “practically non-polluted” zones. In the near
future, geochemical supports (clay minerals, organic matter and Fe
and Al oxi-hydroxides) will be quantified in soils and sediments, in
order to understand their role in the mobility and bioavailability of
mercury in the environment.

TS16-P4
MERCURY UPTAKE BY EARTHWORMS EXPOSED TO
SEWAGE SLUDGE-AMENDED SOILS
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Sewage sludge (SL) is a waste produced by Effluents Treatment
Stations. Since it contains high concentrations of organic matter
and nutrients, its agricultural recycle has become an important
alternative of disposal. However, SL also contains high levels of
metals, including mercury, which can cause damages on biota. This
work proposes the determination of mercury content in earthworm’s
tissues exposed to sewage sludge-amended ferralsols and chernosols.
Acute bioassays (14 days) with Eisenia andrei were performed
according ASTM (2004). Mercury determination in survival worms
was performed with LUMEX (a portable Atomic Absorption). The
following SL doses were tested: 6.66, 13.12, 19.98, 26.14 and 33%.
Lethal dose on 50% of the organisms (DL50) was estimated with the
software Trimmed Spearmen Karbet. The bioaccumulation test (56
days - ASMT, 2004) was only performed with the ferralsol, using
a sub-lethal dose previously defined in the acute assays. Mercury
content in the SL samples was 1.8 mg/kg. All doses applied on the
chernosol were not able to provoke significant lethal effects on the
organisms. In the ferralsol, higher levels of lethality were observed
(DL50 = 12.30mg/kg), suggesting that soil properties (in this case,
especially clay minerals, fertility and pH) played a vital role in
the contaminants bioavailability. Mercury determination in the
survival worms indicated BCFs lower than one unit, suggesting
that the organisms absorbed the contaminant. Mercury contents
were higher in the organisms exposed to chernosol. In this respect,
high nutrients concentrations in the chernosol (more availability
of food for the organisms) possibly contributed for a great uptake
of mercury by the organisms, since healthier animals tend to
support higher levels of metals in the tissues. SL tested dose in the
bioaccumulation test was 8.14%. Results revealed a lethality level
of 20% by the end of the bioaccumulation step. Thus, although this
dose of SL has caused no lethal effects under acute exposure, it was
able to cause significant lethal effects under chronic exposure. The
absence of cocoons by the end of the bioaccumulation step confirms
such high chronic ecotoxicity, suggesting the occurrence of adverse
effects on the reproduction. The BCFs showed that mercury uptake
rates were higher during the first days of exposure. Mercury mass
balance revealed that the animals could eliminate about 50% of
the bioaccumulated amount, indicating possible retentions in the
intestinal tract.

FG8-O9
MERCURY ECOTOXICITY ASSESSMENT IN THREE
TROPICAL SOIL CLASSES USING ACUTE BIOASSAYS
WITH EARTHWORMS
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BERTOLINO, Luiz Carlos , EGLER, Silvia , CASTILHOS, Zuleica ,
4
5
6
POLIVANOV, Helena , BIDONE, Edison , PEREZ, Daniel
(1) Federal Fluminense University (UFF), Niterói, RJ, Brazil.,
geo_ricardocesar@yahoo.com.br (2) Centre for Mineral Technology
(CETEM), Rio de Janeiro, RJ, Brazil.; (3) Centre for Mineral
Technology (CETEM), RJ, Brazil.; (4) Federal University of Rio de
Janeiro (UFRJ), Rio de Janeiro, RJ, Brazil.; (5) Federal Fluminense
University (UFF), Niterói (RJ); (6) Brazilian Company for
Agropecuary Research (EMBRAPA)
Mercury contamination has become a very important subject
in the scientific community, due its diverse damages functions
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on the environment and human health. This work proposes the
investigation of mercury ecotoxicity and its bioavailability in three
tropical soil classes (yellow ferralsol, red ferralsol and chernosol),
artificially contaminated by divalent mercury, using acute bioassays
with earthworms (Eisenia andrei). The acute bioassays (14 days)
were conducted according to ASTM (2004) recommendations. The
lethal concentration on 50% of the organisms (LC50) was estimated
using the software TRIMMED. The soils were contaminated using
a standard Merck solution. Total mercury determination was
performed with LUMEX, a portable atomic absorption. Before being
submitted to such procedure, the survival worms were frozen and
lyophilized. Mercury bioavailability was evaluated by calculating
bioconcentration factors (BCF), a ratio between the Hg total content
in the organisms and the total Hg concentration in the soil. Results
revealed higher mortality levels according to the following sequence:
yellow ferralsol (LC50 ~ 7mg/kg) > chernosol (LC50 ~ 15mg/kg)
> red ferralsol (LC50 ~ 20mg/kg). Such observation suggests that
soil properties played a crucial role in the bioavailability processes.
High levels of organic matter in the red ferralsol seem to form
stable complexes with mercury, decreasing its content in the soil
solution and its ecotoxicity. In the chernosol, the occurrence of
expansive clay minerals suggests the existence of more effective
mercury adsorption processes, reducing its bioavailability in the
soil solution. Furthermore, the chernosols present high contents
of nutrients, which represent more availability of food for the
earthworms. Thus, healthier animals tend to support higher levels
of mercury in the soil. On the other hand, yellow ferralsols have a
very low fertility and are predominantly composed by kaolinite (1:1
clay mineral), thus becoming mercury more available in the soil
solution. Mercury determination in the survival worms indicated
BCFs closer and higher than one unit (between 0.7 and 3.0 units),
indicating that organisms not only absorbed the contaminant,
but also bioaccumulated it. For all soil classes, the BCFs were
inversely proportional to the increase of mercury content in the soil,
suggesting the existence of saturation mechanisms by the organisms.
It is expected that those results can generate important data for the
future establishment of toxic reference values for tropical pedofauna,
supporting decision-making in environmental control programs
and establishment of sustainable indicators.

RG11-P3
MERCURY DETERMINATION IN GROUNDWATER
SAMPLES FROM CAPITÃO GERVÁSIO MUNICIPALITY,
PIAUÍ STATE (NORTHEASTERN BRAZIL)
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(1) Federal Fluminense University (UFF), Niterói, RJ, Brazil.,
geo_ricardocesar@yahoo.com.br (2) Centre for Mineral Technology
(CETEM), Rio de Janeiro, RJ, Brazil.; (3) Centre for Mineral
Technology (CETEM), RJ, Brazil.; (4) Federal Fluminense University
(UFF), Niterói, RJ, Brazil
Capitão Gervásio Municipality (Piauí State) is located at a semiarid and economically underdeveloped region (“dried polygon”)
in the northeastern Brazil, where the availability of potable
groundwater is extremely important for maintaining economic
activities and providing basic conditions of surveillance for local
populations. This paper proposes the assessment of mercury
contents in groundwater samples from Capital Gervásio, in order
to identify possible risks associated with human health. Total
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mercury concentration was determined in 15 sampling points
along the Municipality. Mercury determination was performed
by ICP-OES. A preliminary human health risk assessment was
performed according to USEPA (1989) procedures, considering
-4
3 x 10 mg/kg x day as reference dose for water ingestion and the
consumption 2L of water/day. Administrated doses were calculated
for the exposure of adults and children and compared with the
reference dose. Hidrochemical characterization was executed by
quantifying pH, eletric conductivity, Ca, Mg, Na, Cl and F . The
results revealed the occurrence of some saline waters. As expected,
positive and significant correlations were found among Ca, Mg, Na
and Cl concentrations. Mean mercury concentration was 0.0020
± 0.0011 mg/L. More than 80% of the samples presented contents
higher than that proposed by Brazilian legislation (0.0010 mg/L)
in respect to safe human consumption. Mercury concentrations
were significantly correlated with nickel ones (r>0.5), suggesting
possible common anthropogenic sources of pollution, since those
elements are not geologically well correlated. Although mercury has
a strong affinity with Cl , no significant correlations were detected
between such elements (r<0.5). Preliminary human health risk
assessment indicated the absence of significant risks on adults, since
administrated doses were lower than the considered oral reference
dose for mercury. However, significant risks were detected in respect
to the consumption of water by children.

RG8-P1
AVOIDANCE TESTS WITH EARTHWORMS FOR
EVALUATING MERCURY BIOAVAILABILITY IN THREE
TROPICAL SOIL CLASSES
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(1) Federal Fluminense University (UFF), Niterói, RJ, Brazil., geo_
ricardocesar@yahoo.com.br (2) Brazilian Company for Agropecuary
Research (EMBRAPA), Rio de Janeiro, RJ, Brazil; (3) Centre for
Mineral Technology (CETEM), Rio de Janeiro, RJ, Brazil.; (4) Centre
for Mineral Technology (CETEM), RJ, Brazil.; (5) Federal University
of Rio de Janeiro (UFRJ), Rio de Janeiro, RJ, Brazil.; (6) Federal
Fluminense University (UFF), Niterói (RJ)
Mercury is a highly toxic metal, and well-known by its capacity
of causing neurotoxic, teratogenic effects, as well as damages
on respiratory and excretory systems. This work proposes the
ecotoxicological assessment of three tropical soil classes (red
ferralsol, yellow ferralsol and chernosol) artificially contaminated
by divalent mercury, using avoidance tests with Eisenia andrei
earthworms. Mercury concentrations to be used in the avoidance
tests were established according to the surveillance results obtained
with an acute bioassay, using a contact paper containing a solution
with different mercury concentrations (OECD, 1984). To perform
the avoidance tests, plastic boxes were divided in two equal
sections containing contaminated and non-contaminated soil. The
earthworms were put in the interface between the soils. After 48
hours of exposure, under a photoperiod of 12:6 (dark: light) and
controlled temperature, the number of worms in the contaminated
and non-contaminated soil was counted (ISO, 2002). When less than
20% of the organisms were not in the soil-test, it was considered that
it could provoke significant avoidance responses. The concentrations
of 10 and 15mg/kg revealed significant behavioral effects for the
three soil classes (avoidance assay), indicating that those materials
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could be considered “habitats with limited functions” (ISO, 2002).
Although the concentration of 5.0 mg/kg had not caused significant
lethal effects under acute exposure, this dose was able to provoke
significant avoidance responses on the organisms, for all tested soils.
The concentration of 1.0 ppm did not cause significant avoidance
responses in the red ferralsol, while in the chernosol and yellow
ferralsol all the organisms avoided such concentration. In the
ferrasol, the only concentration which did not cause avoidance
responses was 0.5mg/kg. Those observations suggests that high
levels of organic matter, in the red ferralsol, may have stimulated the
reduction of mercury content in the soil solution, thus decreasing its
bioavailability in comparison with the other soil classes. However,
this hypothesis must be better investigated by using sequential or
selective extraction methods. In conclusion, it is expected that those
results can support the establishment of ecotoxicological reference
values for tropical pedofauna, as well as future ecological risk
assessments in areas contaminated by mercury.

TS16-O12
MERCURY EXPOSURE FROM TRADITIONAL FOODS
AMONG INDIGENOUS PEOPLES IN CANADA
1

CHAN, Laurie H.M.
(1) UNBC, lchan@unbc.ca
Traditional foods offer tremendous social, health, and economic
benefits to Indigenous Peoples in Canada. However, the presence of
environmental contaminants such as mercury in traditional foods
may present health risks. In this talk, we will present results from
two case studies of elevated mercury exposure as a result of mercury
contamination. The first case study is from a small First Nations
reserve in northern Ontario named Grassy Narrow which is located
downstream of a chemical plant that dumped approximately ten
metric tonnes of inorganic mercury into the river system between
1962 and 1970. This mercury was converted to the toxic methylated
form by sulfide-reducing bacteria in the water, and was subsequently
incorporated into the river ecosystem. All fish species from the river
system were considered to be so contaminated as to be unfit for
human consumption. Four decades after the initial pollution, we still
found elevated though much lower than the peak levels of mercury
in the predatory fish species in river system. The residents of the
communities had lower hair mercury compared to the historical
record but many have complains of neurological symptoms. The
second case study is from the Arctic Canada where the mercury
was originated from the south and reached the Arctic through
long-range atmospheric transport. Elevated levels were found in
animals of higher trophic levels such as marine mammals and
predatory fish. As a result, the Inuit who depend on these species
for subsistence living have high mercury exposure. Our results show
that concerted efforts are needed to decrease the release of mercury
in the environment globally. Experience learned from mercury
contaminated sites will help us to develop the proper public health
interventions to lower the risk of health effects as well as to lobby for
international regulations for the use and release of mercury in the
environment.
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RG1-P20
SPECIATION OF MERCURY IN URINE BY COLD VAPOUR
ATOMIC FLUORESCENCE SPECTROMETRY
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(1) P S Analytical, bc@psanalytical.com

Urine is one of the most widely used ‘non-invasive’ biomarkers for
risk assessment of mercury exposure. The sample pre-treatment
procedure for urine analysis usually involves simple dilution with
deionised water or diluted acid, its validity is generally supported
by the analytical results of freeze-dried urine reference material. In
real samples, however, the spike recoveries were found to be largely
dependent of the individual urine matrix, despite the excellent
recovery obtained for the reference material. The interference
caused by the organic matter in the urine samples is far from
negligible. In this work, several sample pre-treatment procedures
have been investigated for total mercury and mercury speciation
in urine samples, followed by the detection of atomic fluorescence
spectrometry. The challenge of mercury speciation using HPLC lies
in the poor separation of Hg(II) and methylmercury peaks when
2-mercaptanethanol was (most commonly) used as modifier. In this
work, a newly developed mobile phase based on APDC modifier
provides clear baseline separation for mercury species within 15
minutes, followed by the online UV digestion and HPLC-CVAFS. The accuracy and precisions of the procedures were not only
validated by the reference materials, also by the spike recoveries
of inorganic and methylmercury in almost every urine samples
analysed.

WS14-O4
THE MERCURY EXPOSURE PATHWAYS IN THE GULF OF
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(1) celia.chen@dartmouth.edu (2) University of Maine; (3)
Environment Canada; (4) Fisheries and Oceans, Canada; (5)
University of New Hampshire; (6) Dartmouth Medical School; (7)
Harvard University
The Gulf of Maine, including the Bay of Fundy, borders New
England in the U.S. and the Canadian provinces of New Brunswick
and Nova Scotia. Here we review all available data on temporal and
spatial patterns in mercury concentrations in the Gulf of Maine to
better understand the exposure pathway for humans and wildlife
in this region and anticipate the effects of future changes in loading
and climate on Hg exposures. Despite significant reductions in Hg
emissions in Eastern North America over the past several decades,
response to loading reductions has been highly variable throughout
the Gulf of Maine. Watershed contributions of Hg, that respond
more slowly to changes in atmospheric deposition, dominate inputs
of Hg in many Gulf of Maine embayments. In addition, the legacy
of pollution from large point sources of Hg is still apparent in some
regions such as Penobscot, Casco and Great bays. In general, the
estuaries on the U.S. side of the Gulf of Maine appear to be much
more impacted by historical Hg sources than the Bay of Fundy.
Long-term biological concentration trends are best documented by
seabird blood and egg data showing declines in concentrations since
the 1970s in some systems but no clear trends in others. Results
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of our review suggest that the recovery times of Gulf of Maine
estuaries are highly varied and depend largely on the physical and
biological properties of specific systems and the extent of historical
point sources. Biological exposures show clear differences between
pelagic and benthic dominated food chains in estuarine ecosystems.
The high degree of pelagic-benthic coupling in this systems means
there may be a significant lag in many food webs due to slow
declines in sediment concentrations. Human exposures in the
region are reviewed based on dietary survey and exposure analyses
from New England and Grand Manan Island. While the population
in Grand Manan Island consumed predominantly low-mercury,
pelagic fish and had low blood Hg concentrations, results from
New England were more varied and included fish from many other
systems. We conclude that additional monitoring programs for
sediment, water and biota are needed to better diagnose temporal
trends in mercury concentrations in Gulf of Maine fisheries.

RG15-P7
ORGANIC AND TOTAL MERCURY LEVELS IN THE
MUSCLE AND LIVER OF YELLOWFIN TUNA, THUNNUS
ALBACORES, HARVESTED BY TAIWANESE FISHING
VESSELS IN SEYCHELLES, INDIAN OCEANS
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CHEN, Chiee-Young , CHEN, Meng-Hsien
(1) National Kaohsiung Marine University, chency@mail.nkmu.edu.
tw (2) National Sun Yat-sen University.
Muscle and liver samples of 93 and 38 yellowfin tuna (Thunnus
albacores), respectively, caught by two Taiwanese long-line fishing
vessels in Seychelles, Indian Ocean from April to December 2006,
were used to analyze total mercury (THg) and organic mercury
(OHg) contents. The overall THg and OHg concentrations were
0.206 ± 0.154 and 0.166 ± 0.125 mg kg-1 wet weight for the muscles,
-1
and 0.250 ± 0.264 and 0.158 ± 0.153 mg kg wet weight for the
livers. Highest THg and OHg of muscles were found for yellowfin
tuna worldwide ever. Liver and muscle ratio were calculated for
discussing the dietary shift and Hg pollution status. The linear
relationships between liver and muscle were both established in THg
and OHg. None of the samples contained the OHg levels above 1
-1
mg kg wet weight and only 2 out of 93 muscle samples of the tuna
from the Indian Ocean had levels of OHg above 0.5 mg kg-1 wet
weight set by US FDA and WHO for predatory and most fish meats,
respectively.

MG2-O4
ANNUAL VARIATION OF HG ISOTOPE FRACTIONATION
IN PRECIPITATION FROM PETERBOROUGH, ONTARIO,
CANADA
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1
XinBin
(1) Institute of Geochemistry, Chinese Academy of Sciences,
chenjiubin@vip.gyig.ac.ca (2) Chemistry Department, Trent
University
Preliminary studies have demonstrated both mass-dependent
fractionation (MDF) and mass-independent fractionation
(MIF) of Hg isotopes in the environment and the potential for
their application in biochemistry and geochemistry (1). Though
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atmospheric deposition is a primary pathway by which Hg enters
earth surface ecosystem, little has been reported on Hg isotopes in
precipitation. Laboratory experiments and measurements of Hg
accumulated in lichens predicted negative MIF of odd Hg isotopes
199
201
( Hg, Hg) in the atmosphere. However, a recent study showed
positive MIF of odd Hg isotopes in both precipitation and ambient
air and reported, for the first time, positive MIF of even-mass Hg
200
isotope ( Hg) in precipitation (2).
In order to examine Hg isotopic composition in precipitation, 19
rainwater and 4 snow samples were collected in Peterborough
(Ontario, Canada) in 2010. Hg isotopic compositions were
determined after Hg pre-concentration using a method developed
by Chen et al. (2010). The results displayed evident MDF and
confirmed MIF of both odd and even Hg isotopes.δ202Hg
in samples varied from -1.59‰ to -0.02‰. An urban impact
was evident from single event samples when considering also
metrological data. Low-temperature samples (snow and several rain
events) showed distinctive patterns, pointing to a different source.
Our results imply that the (atmospheric) process introducing the
MIF for even Hg isotopes may be different from that producing
MIF of odd isotopes in the aqueous environment. More research
is required to fully understand the behavior of Hg isotopes in the
atmosphere.
1)

Bergquist, B. A.; Blum, J. D. Sci. 2007, 318, 417-420. 2) Gratz
et al., EST 2010, 44, 7764-7770. 3) Chen et al., JAAS, 2010, 25,
1402-1409.

RG15-O13
TOTAL AND ORGANIC MERCURY CONCENTRATIONS
IN THE MUSCLE OF BIGEYE TUNA, THUNNUS OBESUS,
FROM PACIFIC OCEAN
1

1

2

CHEN, Meng-Hsien , LAI, Jen-Chen , CHEN, Chiee-Young , HSEU,
3
1
Chen-Shun , TENG, Pei-Yi
(1) Dept. of Marine Biotechnology and Resources, mhchen@mail.
nsysu.edu.tw (2) Dept. Marine Environmental Engineering, National
Kaohsiung Marine University; (3) Institute of Oceanography, National
Taiwan University
Eighty four caudal peduncle muscle samples of bigeye tuna,
Thunnus obesus, collected onboard of Taiwanese fishing vessels
at Pacific Oceans from Aug. 2005 to Jul. 2007, and were used to
analyze total Hg (THg) and organic Hg (OHg) concentrations.
The THg and OHg ranged from 0.158 to 3.324 (0.935 ± 0.655) and
-1
0.111 to 1.965 (0.544 ± 0.396) mg kg flesh wt. that were similar to
previous studies of Atlantic and Pacific Oceans in recent years, but
showing five-times elevated levels of the tuna from the Ocean in
recent three decades. The relationships between the log THg and log
OHg concentrations and log fork length (cm) and log body weight
(kg) were well established and revealed a significantly elevated slop
than that of Atlantic Ocean, of which indicating the blooming of
industrial development around the Pacific region with high Hg
emission. In comparison with the OHg vs THg from three Oceans
found that the demethylation of the muscle commence at the THg
-1
= 0.65. Six of 84 muscle samples had levels of OHg above 1 mg kg
wet weight set by US FDA and WHO for predatory fish.
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RG15-O5
WHERE TO (OR NOT TO) FEED IN A LAKE: HOW
HABITAT-SPECIFIC DIET CAN AFFECT MERCURY
BIOACCUMULATION IN FISH
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(1) National Wildlife Research Centre, Environment Canada, john.
chetelat@ec.gc.ca (2) Département de sciences biologiques, Université
de Montréal; (3) The Nature Conservancy
This presentation will provide an overview of our recent research
on littoral–pelagic differences in mercury biomagnification in lake
food webs. We compared methylmercury (MeHg) concentrations
in pelagic zooplankton to those in littoral macroinvertebrates
from 52 mid-latitude lakes in North America. Invertebrate MeHg
concentrations were primarily correlated with water pH, and after
controlling for this influence, pelagic zooplankton had significantly
higher MeHg concentrations than littoral primary consumers but
lower MeHg than littoral secondary consumers. Intensive sampling
of eight lakes indicated that habitat-specific bioaccumulation in
invertebrates (of similar trophic level) may result from spatial
variation in aqueous MeHg concentration or from more efficient
uptake of aqueous MeHg into the pelagic food web. These findings
showed that littoral–pelagic differences in MeHg bioaccumulation
are wide spread in small mid-latitude lakes. We also investigated
the consequences of MeHg variation in prey for its transfer to
four fish species in one of the study lakes in Quebec, Canada. The
dietary pathways in the food web were characterized using fish
stomach contents and a Bayesian stable isotope mixing model. The
diet analysis showed MeHg concentrations in fish increased with
piscivory as well as greater consumption of pelagic invertebrates.
While trophic position is widely recognized as a key driver of fish
MeHg concentrations, habitat use is likely also an important element
of food web structure for MeHg bioaccumulation in many small,
temperate lakes of North America.

FS15-O3
SELENIUM AS A POTENTIAL PROTECTIVE FACTOR
AGAINST ADVERSE MERCURY EFFECTS ON
CARDIOVASCULAR FUNCTION IN AN ELDERLY FAROESE
POPULATION
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Southern Denmark
Experimental studies suggest that selenium (Se) may decrease
methylmercury (MeHg) toxicity under certain experimental
regimens. In epidemiological studies, fish intake may seem to
compensate for some MeHg-associated effects. Although no
evidence was found that Se protected against MeHg neurotoxicity
in two Faroese birth cohorts, little is known about the potential
protective effects of dietary Se against the adverse MeHg effects
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on cardiovascular function in humans. We examined 713 Faroese
residents aged 70-74 years (64% of eligible population) to assess
the possible interaction. Dietary habits in this fishing population
included frequent consumption of seafood and whale meat, which
is high in mercury. Both Hg and Se were measured in whole blood.
Outcome measures include heart rate variability (HRV), blood
pressure (BP), and common carotid intima-media thickness (IMT).
Multiple regression analyses were carried out to determine the
confounder-adjusted effect of mercury exposure. Each outcome
was modeled as a function of Hg and Se interactions (with
adjustments for potential risk factors) by expressing the effects
of log10(Hg) within the lowest 25 percent, the middle 50 percent,
and the highest 25 percent of the Se distribution. Surplus Se was
present in whole blood, the average being a ten-fold molar excess
above MeHg. Regression analyses failed to show any statistically
significant effects of Se, or interaction terms between Se and MeHg.
For example, the effect of a 2-fold increase in mercury exposure
in the low, middle, and high Se groups on mean IMT (indicator of
carotid atherosclerosis) was 0.32 (95% CI -12.5,13.1), 2.68 (95% CI
-7.89,13.1), and 4.58 (95% CI: -8.37,17.4) respectively (p-interaction,
0.90). Overall, no evidence was found that Se was a significant
protective factor against adverse mercury effects on cardiovascular
function. Preventive methods, therefore, need to address MeHg
exposures rather than Se intakes. Furthermore, because of the
benefits associated with fish intake during pregnancy, additional
research is needed to determine the identity of the nutrients
conferring these effects.

MG6-P9
CONCENTRATION LEVEL OF MERCURY IN
CONTAMINATED SOILS FROM GOLD MINE SITES AND
URBAN AREAS IN KOREA
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(1) Seoul National University, chon@snu.ac.kr (2) Sejong University;
(3) Austrian Agency for Health and Food Safety

Most of gold mines in Korea, of which deposits are predominantly
gold-bearing hydrothermal quartz veins with/without base
metal sulfides, have been closed during 1970s -1980s without
any environmental treatments. The significant effects of Hg
contamination in the vicinity of the abandoned Au mine sites have
been ignored without doubtful consciousness. The range of Hg in
soils of the reported 284 gold mines was between 0.002 and 24.07
mg/kg Hg. It was found that particularly 11 gold mines (3.8 % of the
studied total Au mines) shows high concentration of greater than
1.00 mg/kg Hg in soils. The average content of Hg in soils from the
11 mines is in the range of 1.01 to 2.97 mg/kg, which is abnormally
high Hg level in mine site soils compared with the world average
upper value of 0.25 mg/kg Hg in normal soils. The concentration
level of Hg in soils and dusts collected from Seoul metropolitan city,
whose population and registered motor vehicles were more than
10.45 and 2.95 millions in 2008, respectively, was in the range of
0.34-1.76 (med. 0.21) and 0.01-4.41(med. 0.39) mg/kg, respectively.
The median value of Hg in soils and dusts is comparable to 0.25 mg/
kg, but the maximum and 75 percentile value of Hg in soils and
dusts imply the contamination effects in the city.
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WS12-O6
BIOMAGNIFICATION RATE OF MERCURY IN AQUATIC
FOOD WEBS: A WORLDWIDE META-ANALYSIS
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Queen’s University
Vertical trophic position is one of the most important factors
determining an organism’s overall level of mercury (Hg)
contamination. The development of techniques to estimate
15
an organism’s trophic position using nitrogen isotopes (δ N)
revolutionized the study of Hg biomagnification. The overall or
average rate of Hg biomagnification through food webs can be
15
determined using the slope of log(Hg) versus δ N regressions
(called trophic magnification) and this parameter can be compared
across systems that differ in their climate, chemical, physical or
biological factors. Mercury trophic magnification was found to
be variable in aquatic food webs and to date there is no consensus
on the main factors driving this variation. We compiled results
from over 30 studies and 100 sites spanning climate regimes across
latitudes (published and non-published) that measured Hg trophic
15
magnification in aquatic food webs using δ N. Studies ranged
from freshwater to marine and from tropical to arctic ecosystems.
We examined whether physical-chemical (e.g., productivity,
pH, DOC and Hg in water; latitude, longitude and ecosystem
size) and community structure (species composition and food
chain length) variables explained among-system differences in
trophic magnification. Preliminary results suggest that trophic
magnification was positively related to latitude and inversely
related to longitude. Mercury concentrations at the base of the food
chain were negatively correlated with regression slopes. Trophic
magnification was lower in systems with longer food chain length.
This study is among the first to comprehensively assess factors
affecting biomagnification of mercury in diverse ecosystems and
will encourage similar modelling of other contaminants found to
biomagnify in aquatic or terrestrial food chains.

TG4B-P19
CHARATERISTICS OF DRY AND WET DEPOSITION OF
ATMOSPHERIC MERCURY: SPATIAL DISTRIBUTION AND
IDENTIFICATION OF LIKELY SOURCE AREAS IN URBAN,
RURAL AND BACKGROUND SITES, KOREA
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The objectives of this study were to (i) collect atmospheric
mercury wet and dry deposition in urban, rural and background
areas in the central region of South Korea from August 2008 to
December 2009, (ii) to analyze spatial variability in rainfall Hg
concentrations between three sites (urban: Seoul, rural: Yangsuri,
background: Kanghwa Island), (ііі) to calculate near-field
attribution percentage for enhanced local and regional deposition
gradients near anthropogenic sources in urban site compared
to rural and background sites, and (іv) to identify likely sources
areas which impact Seoul using back-trajectory and Lagrangian
Particle Dispersion Model (LPDM). Analysis of wet deposition
samples (Total Mercury, TM) was performed in a class-100 clean
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room using Tekran 2600 equipped with Cold Vapor Atomic
Fluorescence Spectrometry (CVAFS). The volume weighted mean
TM concentration and wet deposition flux in urban, rural and
-1
-2
background sites were 12.21 ± 15.51 ng L and 18.45 μg m , 5.49
-1
-1
-2
± 4.92 ng L and 2.96 μg m-2, 9.67± 8.36 ng L and 11.32 μg m ,
respectively. Annual dry deposition fluxes of RGM, and Hgp were
-2
-1
-2
-1
58.47 ± 2.31 ug m year and 43.24 ± 2.76 ug m year for the urban
-2
-1
-2
-1
site, 2.8 ± 0.13 ug m year and 2.72 ± 0.09 ug m year for the rural
-2
-1
-2
-1
site, 5.20 ± 0.48 ug m year and 2.55 ± 0.08 ug m year for the
background site, respectively. Annual mean dry deposition velocities
-1
of RGM and Hgp (cm sec ) were calculated using measured dry
deposition flux divided by its atmospheric concentration and those
-1
2
at urban site during 2009 were 2.18 cm sec (r = 0.5, p < 0.01) and
-1
0.37 cm sec , respectively showing similar results to previous studies
-1
-1
(2.0 cm sec for RGM and 0.07 cm sec for Hgp).
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RG11-P9
MERCURY IN NORTHERN MISSISSIPPI, USA:
ATMOSPHERIC SPECIATION, HISTORICAL DEPOSITION,
AND CONCENTRATIONS OF METHYLMERCURY IN
NATURAL WATERS
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Mercury has emerged as a serious public health concern in north
Mississippi, USA. Fish consumption advisories were issued for
the Enid Reservoir and the Yocona River in 1996. The origin of
Hg in these water bodies is unclear but may include atmospheric
deposition, geological formations that leach Hg into the watershed,
and historic land use practices. As a result we have recently begun
a research program investigating the biogeochemical cycling of
mercury in northern Mississippi. To that end, we are monitoring
airborne mercury species, determining the concentrations of totalmercury and methylmercury in wetlands, rivers, and lakes, and
assessing historical deposition of mercury to the region. Airborne
measurements include gaseous elemental mercury (GEM), gaseous
oxidized mercury (GOM), and particle-bound mercury (P-Hg)
using Tekran’s 1130/1135/2537 system. Water is being analyzed for
total-mercury by oxidation, purge and trap, and cold vapor atomic
fluorescence spectrometry (CVAFS), and for methylmercury by
aqueous ethylation, purge and trap, gas chromagraphy, pyrolysis
and CVAFS. Sediments cores, collected from oxbow lakes and
adjacent wetlands, are being analyzed by for total mercury using
a direct mercury analyzer based on combustion, amalgamation,
and atomic absorption spectrometry. Preliminary results indicate
that: (1) concentrations of GEM, GOM and P-Hg are at or near
3
3
3
expected background levels 1-2 ng/m , 1-10 pg/m and 1-10 pg/m ,
respectively; (2) methylmercury concentrations in the Yocona River
varied with flow levels, with higher concentrations during a “low”
flow period (0.051 ± 0.005 ng/L) compared to a “high” flow event
(0.018 ± 0.006 ng/L); (3) mercury in a Beasley Lake open water
sediment core (dating back nearly a hundred years) was significantly
lower in concentration (3.7 ± 0.9 ng/g) than the adjacent wetland
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core (34 ± 11 ng/g). The increased variability in the wetland core is
due to a trend of decreasing concentration with depth (from about
50 ng/g to 15 ng/g); the open water core showed no such trend.
This poster will provide an update on the data we collect during
the winter, spring and early summer of 2011. It will include more
detailed information on: (1) the extent of mercury contamination in
the area, (2) temporal and spatial patterns, (3) mercury speciation in
the air and water, (4) and mercury loadings to the reservoirs.

RG1-P21
MERCURY CONCENTRATION IN COSMETICS BY COLD
VAPOR ATOMIC ABSORPTION
1

1

CLARKE, David , MCQUATTERS, John , FORSBERG, Jeff
(1) Cetac Technologies, dclarke@cetac.com

1

Mercury compounds are permitted by the U.S. Food and Drug
Administration for use in eye makeup at concentrations up to 65
parts per million and are permitted only if no other effective and
safe preservative is available for use. Other cosmetics may contain
trace amounts of mercury containing mercury less than 1 part per
million (0.0001 percent), because the presence of trace mercury is
unavoidable even under conditions of good manufacturing practice.
Cosmetics with mercury content above these levels are considered
to be adulterated and subject to regulatory action [21 CFR 700.13].
On a state level, Minnesota on Jan 1st, 2008 enacted a law banning
intentionally added mercury in mascaras, eyeliners and skinlightening creams. These requirements lead to a need for measuring
trace amounts of mercury within a complex sample matrix.
A method for the determination of trace amounts of mercury in
cosmetics is reported. The method involved acid treatment of the
samples on a block digester and analysis by cold vapor generationatomic absorption (CVAA) detection. Cosmetics (~0.20 g) were
subjected to digestion with 2 ml H2SO4 and 2 mL HNO3 and
subsequently KMnO4. The solution was diluted to 50 mL with 3%
HCl, well mixed and filtered. The sample was reduced with a 7%
SnCl2-10% HCl solution and then passed to a gas-liquid separator
where the evolving Hg(0) was swept in a stream of Ar to the detector
cell and the atomic-absorbance signal was recorded. The data from
these widely used cosmetic products showed mercury levels in the
low parts per billion and parts per trillion ranges, well below the 1
part per million regulatory cutoff.

TS6-03
MODELING MERCURY BIOMAGNIFICATION THROUGH
LAKE FOOD WEBS IN KEJIMKUJIK NATIONAL PARK,
NOVA SCOTIA
1

1

2
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Derek C.G. , O’DRISCOLL, Nelson J.
(1) University of New Brunswick, m.clayden@unb.ca (2) Environment
Canada; (3) Acadia University
A recent study in Kejimkujik National Park, Nova Scotia, Canada,
found that levels of total Hg (THg) in yellow perch (Perca
flavescens) increased by an average of 29% in ten lakes between 1996
and 2006 and that methyl Hg (MeHg) concentrations in predatory
invertebrates were the strongest predictors of THg in perch
across lakes. It is unclear why Hg in yellow perch is increasing in
Kejimkujik, since concentrations of this contaminant have declined
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in biota elsewhere in response to stricter industrial emission
controls. In 2009 and 2010, we conducted food web studies on seven
lakes in the park representing a range of physical and chemical
characteristics. Our aims are: 1) to understand the structure
of the food webs; and 2) to determine which biotic or abiotic
factors account for the anomalously high levels of Hg in these
perch. To do this, we measured MeHg and THg in zooplankton,
macroinvertebrates, fishes, sediments and water, as well as sources of
energy (using sulphur and carbon isotopes) to and trophic positions
(using nitrogen isotopes) of the biota, and chemical characteristics
of the lakes. Results of the carbon isotope analyses indicate that
perch in these lakes feed mainly on littoral invertebrates. As in other
studies, the regression slope of log Hg versus nitrogen isotopes is
being used to model Hg biomagnification through the food web
of each lake. Although our study lakes are acidic and oligotrophic
(pH 4.8-6.0, chlorophyll-a 1.0-2.0 μg/L), regression slopes ranged
2
from 0.18 ± 0.01 to 0.20 ± 0.01 (r = 0.64-0.80; p < 0.001), similar to
those from more neutral and eutrophic systems. Ongoing analyses
are examining whether the y-intercepts of these regressions reflect
among-lake differences in MeHg concentrations at the base of the
food web. We are also investigating the effects of lake chemistry
(eg. pH, DOC, dissolved iron) on biotic Hg concentrations, and
conducting sulphur isotope analyses on biota, sediments and water
to improve our understanding of Hg pathways to fish. Results of this
research will expand our understanding of the factors that affect Hg
concentrations at the base of freshwater food webs and will help to
explain what is driving the increasing levels of Hg in yellow perch in
Kejimkujik National Park.

WS1-O4
FIRST MEASUREMENTS OF REACTIVE HALOGEN
SPECIES AS OXIDANTS OF MERCURY OVER THE GULF
OF MEXICO
1

2

2

COBURN, Sean , DIX, Barbara K. , SINREICH, Roman ,
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4
TERSCHURE, Arnout F. , EDGERTON, Eric S. , VOLKAMER,
2
Rainer
(1) University of Colorade, sean.coburn@colorado.edu (2) University
of Colorado; (3) EPRI; (4) ARA Inc.
The gas-phase reaction of halogen species with gaseous elemental
mercury (GEM) is a source for gaseous oxidized mercury (GOM).
It has been established that these processes occur at high latitudes,
but it has only recently been demonstrated that they might also
occur in mid-latitude regions (Peleg et al. 2007). Here we present
measurements of reactive halogen species bromine oxide (BrO) and
iodine oxide (IO) along with gaseous oxidized mercury (GOM),
gaseous elemental mercury (GEM), and particulate mercury (Hgp)
at a coastal location in Gulf Breeze, Fl. The University of Colorado
has deployed a research grade Multi Axis Differential Optical
Absorption Spectroscopy (MAX-DOAS) instrument to measure
BrO, IO, as well as formaldehyde (HCHO), glyoxal (CHOCHO),
nitrogen dioxide (NO2) and oxygen dimers (O4). MAX-DOAS
is based on the well established DOAS technique that uses BeerLambert’s Law and characteristic absorption structures to derive
differential slant column densities for atmospheric trace gases.
MAX-DOAS makes use of light collected from multiple elevation
angles (the angle between the horizon and the pointing direction
of the telescope) as well as a zenith measurement from the same
solar zenith angle. Here we present the compilation of the data
collected by this instrument over the time period from May 2009
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to November 2010, which include the first measurements of BrO,
IO, and CHOCHO over the Gulf of Mexico. We also present several
case studies for days where significant amounts of reactive halogens
were measured and explore the sources and history of the air
masses carrying these compounds. We also take an in depth look at
these case studies to investigate their implications on the reactions
converting GOM to GEM in the coastal marine boundary layer over
the Gulf of Mexico.

regression with trophic level, which may justify, if confirmed as a
general trend, an adaptation of trophic magnification methodologies
to better describe organic mercury magnification processes.

FS3-O6
EVALUATING THE HYSPLIT-HG ATMOSPHERIC MERCURY
MODEL USING AMBIENT MONITORING DATA
1

RS13-O4
MERCURY BIOMAGNIFICATION IN THE TROPHIC WEB OF
A CONTAMINATED ESTUARY: EFFECTS OF EXPOSURE
TIME AND TROPHIC POSITION BY MEANS OF STABLE
ISOTOPE ANALYSES
1

1

1

1
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DUARTE, Armando C , PARDAL, Miguel A
(1) CESAM & University of Aveiro, jpcoelho@ua.pt (2) CEF &
University of Coimbra
The main aim of this study was to ascertain the biomagnification
processes in a mercury- contaminated estuary, The Ria de Aveiro,
which for decades received mercury rich effluents from a chloralkali industry. Clarification of the trophic web structure was
15
13
performed by means of stable isotope analyses (δ N and δ C), and
trophic magnification factors (TMF) calculated for the area. For this
purpose, primary producers (seagrass Zostera noltii and macroalgae
Fucus vesiculosus, Gracilaria verrucosa, and Ulva sp.), invertebrates
(detritivores Scrobicularia plana and Hediste diversicolor and
predator Carcinus maenas) and fish (Liza aurata and Dicentrarchus
labrax) where analysed for total and organic mercury, stable carbon
and nitrogen isotopic signatures. Trophic structure was accurately
15
13
described by δ N, while δ C reflected the carbon source for each
species. Trophic levels calculations in the Ria de Aveiro food web
were consistent with previous reports on the studied species, and
allowed to discriminate between species that while occupying
similar ecological niches, have distinct feeding tactics.
Mercury levels tended to increase with trophic level, confirming
the magnification of mercury along the estuarine food web. This
trend was observed especially for organic mercury forms, both
in absolute concentrations and fraction of total mercury load.
The slopes obtained for organic mercury data and trophic level
(0.88) are considerably higher than usually reported in literature,
suggesting elevated risk to top predators and humans, given the high
magnification rates.
Time of exposure emerges as an important variable in metal
magnification studies. The adjustment of mercury data to reflect
the annual bioaccumulation instead of lifespan bioaccumulation
provided considerable improvement in the regression coefficients
found, while not influencing the slope. Time adjusted data will
therefore provide a view of trophic magnification processes on an
annual basis, as opposed to comparing species with completely
different life cycles and exposure time to contaminants.
In addition, organic mercury concentrations seemed to follow a
linear, rather than an exponential accumulation curve, reflected in
the inferior regression coefficients observed for log-transformed
data. Organic mercury fraction also displayed a significant linear
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HYSPLIT-Hg is a specialized version of the NOAA HYSPLIT
model being developed to simulate mercury’s atmospheric fate
and transport. HYSPLIT-Hg outputs have been compared against
hourly-average ambient data from two AMNet sites: Beltsville,
Maryland (N39.03, W76.82); and Grand Bay, Mississippi (N30.41,
W88.40). The model evaluation exercise was focused on specific
episodes of high mercury measurements in 2008-2009. This
high-resolution evaluation may be a more demanding model test
than comparison against regional, long term averages. Numerous
simulations were performed to examine the model’s sensitivity
to different inputs and configurations, including variations in
meteorological and emissions data, and model physics/chemistry.
Perturbations were limited to realistic ranges, and each simulation
was characterized by the degree to which model predictions
matched measured speciated mercury concentrations. In addition to
comprehensive forward fate/transport dispersion simulations with
HYSPLIT-Hg, back-trajectories of air parcels arriving at the sites
during the episodes were also examined. Different meteorological
inputs to forward dispersion and back-trajectory simulations
included gridded outputs from large-scale weather models with
horizontal resolution of 40 km (Eta Data Assimilation System,
“EDAS”), 12 km (North American Mesoscale, “NAM”), and 4
km (Weather Research and Forecast, “WRF”), with analogous
variations in vertical resolution. The 4-km WRF datasets were
developed specifically for this model evaluation exercise. Potential
effects of errors in the meteorological data were also investigated.
Emissions inputs investigated included differences in speciation,
total emissions, temporal emissions variations, and the types (e.g.,
natural vs. anthropogenic) and geographical extent (e.g., local vs.
regional vs. global) of emissions sources considered. Model physics
and chemistry aspects investigated included the rates of chemical
reactions involving atmospheric mercury, algorithms for dry and
wet deposition processes, the numerical treatment of atmospheric
dispersion, model time step, and several other aspects of the
simulation. Results to date show that the HYSPLIT-Hg model has
reasonable skill in matching observed mercury concentrations,
but uncertainties in model inputs (some of which are inherently
stochastic) and in model physics and chemistry represent significant
challenges. At the same time, results to date show that the model
has widely different sensitivities to different types of perturbations,
and these variations may be useful in informing the prioritization of
efforts to reduce uncertainties.
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RS4-P4
TRENDS IN ATMOSPHERIC MERCURY CONCENTRATIONS
IN THE NORTHERN HEMISPHERE: WHY IS THE ARCTIC
DIFFERENT?
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As emissions of mercury throughout the world continue to change
and the Arctic undergoes changes in the landscape such as shrinking
permanent sea ice, continuous monitoring of mercury provides
important information about long-term changes in the transport,
chemistry, and deposition of this atmospheric pollutant in the Arctic
environment. Ten-year records of gaseous elemental mercury were
o
analyzed from two Arctic sites – Alert, Nunavut, Canada (82.5 N,
o
o
o
62.3 W) and Zeppelin Station, Svalbard, Norway (78.9 N, 11.9 E);
o
one sub-Arctic site – Kuujjuarapik, Québec, Canada (55.3 N,
o
77.7 W); and one temperate site – St. Anicet, Québec, Canada
o
o
(45.1 N, 74.3 W). Trends over the period 2000-2009 were calculated
using the seasonal Kendall test for trend and Sen’s estimator of
slope. Overall trends based on the entire data set were: -0.4% to
-1.6% per year at Alert, -0.4% to +0.8% per year at Zeppelin, -1.0%
to -2.8% per year at Kuujjuarapik, and -1.8% to -2.1% per year at
St. Anicet. Trends at the lower-latitude Québec sites agree well with
the reported decrease in background GEM concentration at Mace
Head, Ireland of -1.6% to -2.0% per year over the period 1996-2009
(Ebinghaus et al., 2011). The rate of decrease at Alert is faster over
this 10-year period than was found for 1995-2007, but is still slower
than the lower latitude sites. Finally, there was no significant trend
at Zeppelin Station. Possible reasons for differences in seasonal and
overall trends at the Arctic sites compared to those at lower latitudes
are discussed, as well as implications for the Arctic mercury cycle.

MG4A-P7
MERCURY TRANSPORT STUDIES UNDER THE
INTERNATIONAL POLAR YEAR PROJECT OF
INTERCONTINENTAL ATMOSPHERIC TRANSPORT
OF ANTHROPOGENIC POLLUTANTS TO THE ARCTIC
(INCATPA)
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Regions Research and Engineering Laboratory ; (3) Chinese Academy
of Sciences; (4) 4. Centre for Environmental Chemistry SPA
Elevated levels of mercury and other pollutants are an ongoing
threat to the health of Arctic people and wildlife, despite the vast
distance that separates the region from major anthropogenic
sources of these contaminants. The International Polar Year (IPY)
project Intercontinental Atmospheric Transport of Anthropogenic
Pollutants to the Arctic (INCATPA) investigated the transport of
pollutants, specifically persistent organic pollutants and mercury,
from source regions to the remote Arctic. Transport from Asia is of
particular interest since Asian sources comprise a significant and
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increasing fraction of global mercury emissions. The INCATPA
project also investigated how climate change may affect atmospheric
chemistry and transport processes of these pollutants to the Arctic.
Mercury studies under INCATPA have involved concurrent
measurements of ambient mercury during the period 2007-2009
at new and ongoing sites in Arctic and Pan-Pacific regions. In
Canada, gaseous elemental mercury (GEM) measurements have
been collected at Whistler, British Columbia; Little Fox Lake,
Yukon and Alert, Nunavut. Outside of Canada, measurements were
collected at Barrow, Alaska; Amderma, Russia; Mount Changbai,
China and Waliguan, China. These measurements offer validation
for Environment Canada’s atmospheric mercury model (GRAHM)
to elucidate the trans-Pacific transport of mercury from Asia into
the Canadian Arctic (also within the INCATPA Program). We will
present results from the ground level mercury measurements and
discuss the relevance of these measurements on future national and
international policies.

MG4A-O5
MERCURY EMISSIONS FROM BOREAL FOREST FIRES:
ONGOING OBSERVATIONS FROM TWO SITES IN
WESTERN CANADA
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Biomass burning is a significant source of mercury to the global
atmosphere. The boreal forest, in particular, is believed to harbour
a large amount of mercury that is released during wildfires – fires
that are expected to increase in magnitude and frequency with
climate change. The impact of these releases on the mercury cycle
in the Arctic region is of particular interest, given ongoing concerns
with mercury levels in local wildlife. However, mercury emissions
from boreal forest fires are not well constrained. In order to assess
the relative contributions of natural and anthropogenic sources
of mercury to the Canadian atmosphere before any regulations
are implemented, this gap of knowledge must be understood.
Continuous monitoring of mercury (Hg) and other pollutants such
as carbon monoxide (CO) at two sites in western Canada provides
the opportunity to capture emission signatures such as Hg/CO
ratios from boreal forest burning in the region and thereby better
constrain emissions from this particular source.
Atmospheric mercury concentrations have been monitored at
Little Fox Lake, Yukon, since 2007 and Whistler, British Columbia,
since 2008, under the International Polar Year project INCATPA
(Intercontinental Atmospheric Transport of anthropogenic
Pollutants to the Arctic), the Clean Air Regulatory Agenda
(CARAII) mercury program and the Northern Contaminants
Program (NCP). Early results include observations of plumes at
Whistler with Hg/CO ratios typical of (a) industrial emissions and
(b) biomass burning emissions, and the identification of several
large forest fires as sources of elevated Hg at Little Fox Lake. Current
results are presented along with ongoing mercury research plans at
these sites.
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MG7-O4

MG14-O4

RAPID DECLINES IN METHYLMERCURY PRODUCTION
FROM DECREASED SULFATE DEPOSITION TO A BOREAL
PEATLAND

THE “ME” IN MERCURY
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Atmospheric sulfate deposition resulting from the burning
of fossil fuels is cited as a possible contributor to elevated fish
mercury concentrations in lakes from acid-sensitive regions of
North America and Europe. Wetlands are important sources
of methylmercury to lakes and streams, and many studies have
demonstrated increased methylmercury production as a result
of experimental sulfate addition, particularly in sulfur-limited
wetlands. However, most such studies have been generally shortlived and none have monitored mercury dynamics once sulfate
addition ceased. The implementation of the 1990 Clean Air Act
Amendments resulted in significant reductions of atmospheric
sulfate deposition to the northeastern United States, but ecosystems
in acid-impacted regions have been slow to recover. Because the
relationship between methylmercury production and sulfate was
discovered well after the acidifying effects of sulfate raised concerns,
no data exist that allow for direct comparison of methylmercury
production before and after sulfate deposition peaked.
These issues were addressed in an ecosystem-scale experiment in
which sulfate loads were elevated through simulated rainfall to
half of a 2-ha peatland in northern Minnesota. Between 2001 and
2008 sulfate loading to the experimental treatment was increased
by four times annual ambient wet deposition. Then in the spring of
2006 sulfate addition was halted in a portion of the experimental
treatment to create a new recovery treatment. Methylmercury
concentrations in recovery porewaters were initially elevated
relative to those in the control treatment but declined to control
concentrations by mid-summer of 2008. In contrast recovery
treatment sulfate concentrations returned to control levels within
the first year. Peat cores collected from the recovery treatment
in 2009 also showed solid-phase methylmercury concentrations
returning to background levels after three years. This work
demonstrates that the effects of sulfate addition on methylmercury
production may be relatively short-lived due to sequestration of
sulfate in recalcitrant organic sulfur fractions. These results also
suggest that further controls on atmospheric sulfur emissions and
deposition could lead to rapid and significant reductions in wetland
methylmercury production with possible consequences for mercury
accumulation in aquatic foodchains.
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The use of mercury in dentistry (Source: WorlDental.org):
•
Silver Fillings – also called amalgams – are compromised of
50% mercury and 30% silver, with the remaining amounts of
copper, tin and zinc
•
The American Dental Association (“ADA”) reports that 76% of
their members use amalgams with their patients
•
A poll of U.S. dental patients found that 72% were not aware
that mercury was the main component of dental amalgam, and
92% wished to be told about mercury before receiving it in a
filling
•
In 2008 silver (amalgam) dental fillings were banned in
Sweden, Denmark and Norway - three of the top ten countries
globally with the greatest number of dentists per capita
Against this backdrop, Dr. Colson will speak to the following, using
examples to illustrate:
•
Points of view and recommendations from the U.S. Agency for
Toxic Substances and Disease Registry, and Health Canada
•
Discussion that mercury remains chemically locked within
“extremely stable” dental fillings
•
Mercury’s role in electromagnetic – galvanic interaction with
other dental materials such as silver, copper, tin and zinc – even
gold
•
Safe protocols for amalgam removal and restoring the mouth
with biocompatible materials
Dr. Colson works with an integrative approach and practices
minimally invasive dentistry. Dr. Colson’s practice has been mercuryfree for more than 25 years, and she is an accredited member of the
I.A.O.M.T. She studies biological dentistry and utilizes acupuncture,
homeopathy and reflexology and works with other health care
practitioners to help patients become metal free using safe removal
protocols. State of the art technologies - such as lasers, ozone and
digital radiography - are hallmarks of her practice. Dr. Colson’s new
book, Your Mouth, Your Health and You - is a yoga-based approach
to exploring the connections between oral health, whole body wellness
and longevity.

TG3-P22
PALEORECORDS DOCUMENT RISING MERCURY
CONTAMINATION IN LAKE TANGANYIKA
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Lake Tanganyika is the largest (32,600 km ), deepest (1470 m), and
oldest (>12 Ma) of the East African Rift Lakes. Therefore, sediment
that has accumulated at the lake bottom likely contains some long,
high-resolution, records of change. Previous studies using sediment
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cores manage to correlate sed change with climatic regimes and
changes in inputs across Africa where Lake Tanganyika is situated.
14
Lake Tanganyika mercury deposition records were derived using C
210
and excess Pb geochronometers in sediment cores collected from
two contrasting depositional environments: the Kalya Platform,
located mid-lake and removed from watershed impacts, and the
Nyasanga/Kahama River delta region, which drains relatively
perturbed watersheds. At the Kalya Platform, pre-industrial
mercury concentrations are 23±0.2 ng/g, increasing to 74 ng/g in
modern surface sediment. Similarly, the mercury accumulation
2
rate increases from 1.0 to 7.2 μg/m /yr from pre-industrial to
modern times. At the Nyasanga/Kahama delta region, pre-industrial
mercury concentrations are 20±3 ng/g ng/g, increasing to 45 ng/g in
surface sediment, and mercury accumulation rate increases from 30
2
to 70 μg/m /yr. Mercury accumulation rates at the Kalya Platform
area suggest the importance of atmospheric inputs and geochemical
processes affecting deposition, whereas the mercury accumulation
pattern at Nyasanga/Kahama delta suggests the relative importance
of terrigenous inputs to the observed record. Despite differences
in mercury accumulation rates, both cores show an increase in
mercury contamination consistent with the onset of large-scale
systematic production of gold in the region at that time that began
in the 1930s and continued until the 1970s. The results document an
increase of mercury flux to the highly-productive Lake Tanganyika
ecosystem that is consistent with mercury contamination from gold
mining in the region, but also reflects local mercury controls that
are both terrestrial and lacustrine.

RS1-P14
THE EFFECT OF SUB-ZERO TEMPERATURE CYCLING ON
THE FLUX OF MERCURY FROM SOILS
1

1

CORBETT HAINS, Hamish , VAN HEYST, Bill
(1) School of Engineering, University of Guelph, hcorbett@uoguelph.ca
Mercury flux from frozen soils has been shown to increase during
periods of temperature change in past field-experiments. Due
to the nature of these experiments, the influence of individual
environmental parameters on the flux of mercury during periods
of changing temperature has not previously been identified. This
research isolates both soil temperature and soil moisture content at
sub-zero temperatures in order to determine the effect of both on
mercury flux.
Mercury flux from frozen soils was observed in a dynamic flux
chamber and scientific grade freezer using a Tekran 2537a mercury
analyzer. Additionally, soil temperature, air temperature and relative
humidity were recorded over the duration of the experiment. It was
found that mercury flux from soils was suppressed significantly
o
over most temperature ranges below 10 C. Periods of rapid positive
change in soil temperature were seen to result in a significant
increase in mercury flux from frozen soils. This effect, which had
measured spikes in mercury flux approach levels seen at room
temperature, is proposed to be a result of physical changes in the
soil during temperature change. This effect was exaggerated at lower
temperatures and was found to be most prevalent at soil moisture
contents around 60% of field capacity. At a soil moisture content of
75% of field capacity, the flux was almost fully suppressed.

TG7-O1
AN ENHANCED GLOBAL TERRESTRIAL MODEL FOR
ACCUMULATION AND ATMOSPHERIC EXCHANGE OF
MERCURY
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Daniel J , CAROUGE, Claire C , HOLMES, Chris D , HOROWITZ,
1
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Hannah M , AMOS, Helen M , SUNDERLAND, Elsie M
(1) Harvard University, corbitt@seas.harvard.edu (2) Earth System
Sciences, LLC; (3) University of California, Irvine; (4) Harvard
University School of Public Health
Terrestrial ecosystems represent the largest global biogeochemical
6
mercury surface reservoir with 10 Mg contained in organic soils.
Human activities have increased the atmospheric burden and
deposition of mercury by at least threefold. Evasion of mercury
from terrestrial soils exerts a major influence on atmospheric
concentrations. To investigate the impacts of anthropogenic
mercury on soil mercury reservoirs, terrestrial-atmospheric
exchange processes, and the role of climate change and fire on
terrestrial mercury evasion, we have developed a mechanistic
framework for mercury cycling in soils and vegetation within the
GEOS-Chem global biogeochemical model for mercury. We build
on the approach of tracking mercury cycling in association with
organic carbon pools in the Global Terrestrial Mercury Model
(GTMM) developed by our group in previous work (Smith-Downey
et al. 2010). Results from offline GTMM simulations show that the
most labile soil carbon pools are most enriched in anthropogenic
mercury and that soil emissions have tripled since 1840.
To enable full coupling of GEOS-Chem with GTMM we have
updated the model’s dry deposition scheme for mercury including
the mechanistic basis for stomatal and cuticular uptake of mercury.
We have used recent studies to better constrain rates for redox
reactions on surface vegetation and in soil pore waters and to
parameterize throughfall of mercury and accumulation in litter. We
show results of updated model simulations compared to observed
mercury and carbon concentrations in different soil and ecosystem
types and compare modeled fluxes to available dry deposition,
throughfall, and washoff measurements. We compare results to
observed seasonal patterns in the accumulation of mercury in
leaves and litter and variability of atmospheric mercury near forest
canopies. We analyze the interannual variability in atmosphereterrestrial exchange by running the model with meteorological
inputs from 1979 to present. Finally, we present preliminary results
on long term trends including the accumulation of historical
anthropogenic mercury in soils and sensitivity to future changes in
emissions and climate.

MS18-P6
GLOBAL SOURCES OF MERCURY DEPOSITION IN THE
YEAR 2050 FOR FOUR IPCC EMISSIONS SCENARIOS
1

1
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CORBITT, Elizabeth S , JACOB, Daniel J , HOLMES, Chris D ,
3
4
STREETS, David G , SUNDERLAND, Elsie M
(1) Harvard University, corbitt@seas.harvard.edu (2) University of
California, Irvine; (3) Argonne National Laboratory; (4) Harvard
School of Public Health
Emissions of mercury to the atmosphere from human activities are
expected to stay constant (best case) or increase up to 126% (worst
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case) in projections for the year 2050 based on Intergovernmental
Panel of Climate Change scenarios of future development (Streets
et al. 2009). Here we use four mercury emissions scenarios
representing a range of assumptions about economic growth and
regulatory controls to drive a 3-D global simulation of mercury in
the atmosphere, land, and surface ocean.
Globally, the greatest increase in future mercury deposition occurs
in Asia, due predominantly to regional coal-fired power plants.
Mean deposition to Asia increases by 7% to 54% depending
on scenario. In the United States, deposition differences across
scenarios are most pronounced near industrial and power plant
sources, e.g. in the Ohio River Valley, where mean deposition
declines by 23% in the best case, but increases by 54% in the worst
case.
Our results show that regional sources make up a greater proportion
II
of mercury deposition in 2050 due to the increase in Hg as a
fraction of total global emissions. For example, in the worst-case
emissions scenario, the fraction of mercury deposition from
regional sources (fd) increases everywhere, and exceeds 80% in
heavily impacted areas in India and China. Some remote regions
are still dominated by global sources, as fd never surpasses 5% in
most of Canada, central Africa, or western Australia. The six0
month lifetime of Hg results in a hemispherically, but not globally,
well-mixed background of atmospheric mercury. We examine how
recycling in the surface ocean extends the influence of sources to
distant receptors. We characterize the sources of mercury deposited
to a region and map the fate of mercury emitted from the region.
We note that some developing regions, such as Central America,
the Middle East, North Africa, and Southeast Asia, switch from net
importers to exporters of anthropogenic mercury deposition in
2050.
We present a simplified linear relationship based on model outputs
to predict mean regional mercury deposition from regional and
0
II
global emissions of Hg and Hg . Overall, the results of our study
show that a global treaty on mercury negotiated in the United
Nations Environment Programme would be important for future
mercury deposition even in regions already enacting emissions
II
reductions. Emission controls on Hg are most important for
deposition locally and for regions with near upwind neighbors, such
as eastern Europe and southeastern Asia.

TS17-O6
ACUTE URBAN ATMOSPHERIC MERCURY
CONTAMINATION FROM ARTISANAL MINING
1

1

CORDY, Paul , CRAWFORD, Ben , VEIGA, Marcelo
(1) UBC, paulcordy@gmail.com

1

Artisanal and small scale miners (ASM) use mercury to extract gold
in developing nations worldwide, contributing an estimated 25%
of global gold production and 30% of global Mercury emissions
annually. About 350 Mg/a of this mercury is released directly
to the atmosphere during amalgam burning and gold refining,
but the behaviour of these emissions is poorly understood. This
study uses high-resolution roving measurements of atmospheric
mercury emissions in urban areas of Colombia, Peru, Suriname,
Brazil, Ecuador and Chile to show that the human health risk
from airborne mercury is acute in these areas. These data can be
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used to map mercury distributions, emissions frequencies, human
exposures, and dispersion. Rovers consist of a mercury vapour
analyzer and GPS, and low speed transects are designed such that
they cover the greatest area of the affected urban landscape in one
hour. Repetitions over many days produce a dataset that highlights
hot spots and estimate exposures of the area’s inhabitants. High
frequency meteorological measurements further enhance these
data, enabling comparison of atmospheric models to observations,
and allowing study of urban pollution dispersion. Calibration of
mercury observations is essential, and methods are presented that
reliably quantify the local background concentration, as well as
remove instrument drift and lag effects.
This is the first study to both measure mercury emission rates and
map the resulting urban vapour distributions. The results clearly
show that airborne mercury contamination in South American
mining towns is acute. For example, in the urban core of Segovia,
Colombia, the average mercury vapour concentration is 1264 ng/
3
m , which is hazardous according to the World Health Organization.
Instantaneous street concentrations in all countries visited regularly
3
exceed the WHO lowest observed effect level of 20000 ng/m . As
mercury is colourless and odorless, people are often unaware or
skeptical about the magnitude of the problem. The results of these
surveys can help convince people and governments that change is
necessary, and show them where hazards are highest.

RG1-P17
PROCESS ANALYSIS OF MERCURY IN PETROCHEMICAL
STREAMS
1

1

CORNS, Warren T , STOCKWELL, Peter B
(1) P S Analytical, wtc@psanalytical.com

Knowledge of the mercury content in petrochemicals is extremely
important. Firstly, mercury is highly toxic and is of environmental
concern and secondly, the damage caused to petrochemical plants
can be financially crippling especially when unscheduled shutdowns
are forced. Mercury has been found to be responsible for many
cases of selective hydrogenation catalyst deactivation. Palladium
based catalysts are commonly used for the selective hydrogenation
of alkynes in the steam cracking of C2 to C4 cuts. Mercury is known
to be the cause of corrosion problems with alumina based heat
exchangers, rotors and condensers at natural gas refinery plants.
Heat exchanger replacement is a costly operation due to the capital
investment of the exchanger itself and the plant down time incurred
for its replacement. This paper describes how atomic fluorescence
spectrometry (AFS) can be applied to the measurement of mercury
in petrochemical samples such as natural gas, LPG, LNG, naphtha
and condensates. Typically these measurements are performed using
offline laboratory techniques which are highly dependent on the
sampling protocols utilized and the sample storage method. This
is especially problematic for volatile forms of Hg which are easily
lost from the sample. We have recently developed online process
analyzers for both liquid and gaseous petrochemical streams.
These are typically used in conjunction with mercury removal
technologies so that the efficiency can be monitored in real time
thus protecting expensive downstream apparatus. The performance
characteristics of the analyzers will be discussed with reference to
sampling, calibration, accuracy, precision and long term reliability.
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TG3-P9
MERCURY EMISSIONS FROM CREMATORIA USING
ONLINE HGCEM
1

1
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CORNS, Warren T , DEXTER, Matthew A , STOCKWELL, Peter B
(1) P S Analytical, wtc@psanalytical.com

Anthropogenic emission of mercury into the environment
continues to cause concern. Increasing control of atmospheric
mercury emissions is resulting in the gradual overall fall in mercury
emissions. UK annual mercury emissions are estimated to have
fallen dramatically over the last 3 decades. In contrast to the overall
fall, mercury emissions from crematoria have increased significantly.
The increase in emissions is readily attributable to the use of
amalgam fillings and, due to better dental health, a large decrease in
the number of people edentate at the time of death. Estimates of the
mass of mercury present in an average cremation vary significantly,
with estimates generally between 0.9 g and 3.0 g.. The mass present
depends on dental health practices, thus varying with time period
and with country.
Mercury emissions during the cremation process are almost entirely
due to the presence of amalgam fillings in the cadaver. This leads to
very significant variation in the concentration of mercury emitted,
in each cremation. Concentrations vary between low ug/m3 to
several mg/m3.
The P S Analytical Sir Galahad amalgamation-atomic fluorescence
spectrometer is a proven technique for the determination of
mercury in a wide range of gaseous media. This paper presents
summary results of an initial study of mercury emissions on a
single crematory stack at a UK crematorium and introduces a
Hg CEM, specifically designed to continuously monitor mercury
concentrations in cremation gases for regulatory purposes or online
process control of mercury abatement equipment.

RG1-P18
DEVELOPMENT OF LOW LEVEL CALIBRATION
APPARATUS FOR TGM MEASUREMENTS
1

1
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CORNS, Warren T , ROGERS, Tony , BROWN, Richard , BROWN,
2
Andrew
(1) P S Analytical, wtc@psanalytical.com (2) National Physical
Laboratory
The determination of TGM in ambient air and natural gas
is analytically challenging because of the low concentrations
encountered. In both cases sub ng/m3 detection limits are required
to monitor accurate trends. The most commonly used technique
is amalgamation – AFS with the calibration being performed by
injection of air saturated with Hg vapour at ambient temperature.
Whilst this a well proven convenient calibration approach small
microliter injection volumes are required to allow mercury mass
equivalent absolute calibrations in the range of the samples even
when relatively large sample volumes are used. The uncertainty
of measurement increases dramatically when the lowest portion
of the calibration relationship is used which is often the case
for measurements of TGM. In addition to this the analytical
performance of gold traps at low ng/m3 concentrations may not
be the same as injecting a small quantity of air saturated with Hg
vapour at mg/m3 concentrations. This is more evident when gold
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traps become passivated over time and when two traps give widely
different results. The extent of passivation is often unknown and
accepting the highest result is analytically flawed because there is
a strong possibility that several traps are giving low recoveries to
different extents.
A more valid approach to calibration can be achieved using
continuous flow dynamic Hg vapour generators operated in the ng/
m3 range. Two approaches will be presented and compared. The
first approach was based on the two fold dilution of saturated source
of mercury at a controlled temperature. Mass flow controllers are
used to generate the initial flows and the concentration generated
is in the ug/m3. The second dilution was achieved using a critical
orifice and eductor pump arrangement. The main advantage of this
setup was the rapid stabilization time. The second approach was
based a specially fabricated temperature controlled Hg permeation
tube with mass flow controllers. The accuracy and precision data
generated from both devices when coupled to a PSA amalgamation
AFS will be presented. Both calibration devices were found to
offer an excellent solution to calibrating fully automated TGM
instrumentation.

FG9-O5
USING ANTARCTIC SKUAS’ FEATHERS TO MONITOR
LOCAL AND GLOBAL CONTAMINATION
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Nestor R.
(1) Programa de Pós-Graduação em Ecologia, Universidade Federal
do Rio de Janeiro. Caixa Postal: 68.020, CEP 21941-540 – Ilha do
Fundão, Rio de Janeiro, RJ, Brazil. Supported by a fellowship of CNPq.,
erli_costa@yahoo.com.br (2) Laboratório de Radioisótopos Eduardo
Penna Franca, Instituto de Biofísica Carlos Chagas Filho, Centro de
Ciências da Saúde, Universidade Federal do Rio de Janeiro. CEP:
21949-900, Rio de Janeiro, RJ, Brazil. (3) Departamento de Ecologia,
Instituto de Biologia, Universidade do Estado do Rio de Janeiro. Rua
São Francisco Xavier, 524, Maracanã, CEP 20550-011, Rio de Janeiro,
RJ, Brazil. (4) Laboratório de Radioisótopos Eduardo Penna Franca,
Instituto de Biofísica Carlos Chagas Filho, Centro de Ciências da
Saúde, UFRJ. CEP: 21949-900, Rio de Janeiro, RJ, Brazil. (5) Instituto
Antártico Argentino, Depto. Ciencias Biológicas - Proyecto Aves,
Cerrito 1248 (C1010AAZ) Buenos Aires, Argentina
Seabirds have been used as biomonitors of environmental
contamination; they are the top of the marine food chain,
accumulating highest levels of pollutants, such as heavy metals. The
feathers are archives of heavy metal exposures in birds - during the
feathers´ growth the organism excrete contaminants accumulated
in tissues. The feathers allow non-destructive sampling and
permit retrospective study then they are particularly convenient
for monitoring contamination in marine environment. Mercury
are heavy metal suffer smaller exogenous influence in their levels
when feathers are analyzed; then the results indicate primarily
due to endogenous deposition. This study compares mercury
concentrations in feathers of adults Skuas (Catharacta maccormicki
o
o
and C. lonnbergi) from Keller Peninsula (62 05’S-58 24’W), Potter
o
o
o
o
Cove (62 16’S-58 37’W) and Cierva Point (64 09’S-60 57’W) in
Antarctic Peninsula with the objective to verify the influence of
species and location in the contamination levels. All mercury levels
in breast feathers were analyzed in the “Radioisotopes Laboratory

67

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
Eduardo Penna Franca” at UFRJ. Mean mercury concentrations
ranged from 1.85 to 3.95ppm. Concentration in C. maccormicki was
significantly higher than in C. lonnbergi (U´=306.00; p=0.0012),
but the concentration in different places not differ significantly
(KW=0.6547, p=0.7208 for C. maccormicki; U´=16.00, p=0.1905 for
C. lonnbergi). Since these birds are migratory, the contamination
observed doesn’t represent only local exposures. Although these
birds had similar feeding habits during summer, a detailed winter
feeding habits is unknown. This might be the key to understand
the differences in mercury levels observed. Mercury levels recorded
in adult feathers are representative of the total exposure of the
individual during the year (migratory and breeding periods). To
differentiate between local and global contamination it’s necessary
to analyze and to compare mercury levels in chicks and young
birds with the levels recorded in adults. The young bird feathers
probably will represent local contamination, while adults feathers
may represent the total exposure that the birds are subjected during
the whole year. Future work is necessary in order to investigate the
influence of other factors in heavy metal accumulation; with the
inclusion of the young birds in this study.
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MG4A-O7

ARE WE CHANGING MERCURY CYCLING PATTERNS
IN TROPICAL AND SUB-TROPICAL COASTAL
ENVIRONMENTS?
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THE ANTARCTIC PLATEAU BOUNDARY LAYER: A GIANT
SOURCE AND SINK FOR GASEOUS ELEMENTAL HG
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In tropical and sub-tropical coastal environments mercury cycling
is driven by many forces, among them the strongest ones are rainfall
(river flow) and human interferences. The number of studies in
these areas is low, and works remain sparse in space and time, with
rare exceptions to some systems that are relatively better known
than others. The tropical and sub-tropical belt encircles different
countries of every existing development level including, partially or
totally, some of the ten largest global economies. However, most are
developing countries struggling to conciliate population well being
with environmental conservation. Health and environment policies
also vary tremendously among these countries, and some might not
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even be covered by policies elaborated by international institutions.
Therefore, coastal populations are at different levels of risk in terms
of exposure to mercury from different sources (food and urban
and industrialized environments). One of the most prominent
policy threats, recurrent around countries of the tropical and subtropical belt is the disconnection between river basins and coastal
environments management plans and actions. Although a clearly
necessary approach from environmental scientist’s points of view,
this is hardly ever acknowledged by public administrators, who tend
to “box” natural environments according to budget and political
issues. Consequently, the poor basin and estuarine management
practices concerning water quality as a whole, and mercury loads
in particular, are transferred and sometimes amplified in coastal
waters. Tropical coasts harbor a large variety of natural biomes,
ecosystems, and habitats that are home to a still uncertainly known
number of microbial, vegetal, and animal species. Some might be
already disappearing before being described and known due to
physical habitat loss and biological community changes. Therefore
important links and processes of the mercury cycle that involve
these diverse habitats and biological species might be lost. The
consequences for the remaining elements of the coastal mercury
cycle are unpredictable. Some groups of very abundant and resilient
coastal and estuarine fish and shellfish might become the only
available food option for humans and other large aquatic vertebrates
(marine mammals and reptiles). Simplification of coastal tropical
food webs and consequent lower diet diversity can bring up new
patterns of mercury cycling in the biological compartment and its
contamination. Easily enough it might mean we will face unknown
and challenging human health issues in the near future.
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Gaseous Elemental Mercury (GEM) was investigated in the
troposphere and in the interstitial air extracted from the snow at
depths ranging from the surface to 1.6 meters at Dome C Concordia
Station,(central Antarctica,75°06S, 123°20E, 3220 m above sea level)
located 1100 km away from the nearest coast of East Antarctica
during January 2009.
Measurements in the boundary layer combined with modeling of
vertical turbulent mixing revealed evidence of fast GEM oxidation
processes inside this layer during low irradiation periods. However,
unexpected high GEM concentrations for remote places (> 3 ng/
m3) were measured under higher solar radiations. GEM variations
were well anti-correlated with ozone levels resulting in strong diel
variations of GEM. Photoreduction at the air-snow interface and
fast oxidation inside the snow pack were also observed. Chemical
mechanisms involving bromine compounds can be a realistic
explanation for these phenomena. Given the size of the Plateau, the
impact of this specific reactivity may have consequences at a larger
scale on the global cycle of mercury.
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TS8-P9
THE RESPONSE OF SAPROTROPHIC FUNGI FROM
FOREST SOILS TO MERCURY: TOLERANCE AND
COMMUNITY DIVERSITY
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In wooded ecosystems like the New Jersey (NJ) Pine Barrens where
the buffering capacity of soil is low, atmospherically deposited
mercury (Hg) is highly bioavailable. Also, Hg deposited to the
canopy may be adsorbed to leaf surfaces or taken up through
stomates. Saprotrophic fungi are important members of the soil
microbial community and contribute to soil processes such as bulk
litter decomposition and nutrient mobilization. Because of their
potential role in both ecosystem response to Hg and mobilization
of Hg in terrestrial ecosystems, a better understanding of the
responses of soil saprotrophic fungi to Hg is needed. Here we report
the initial results of experiments designed to elucidate the effects
of Hg on soil saprotrophic fungi. Five soil samples from the NJ
Pine Barrens were subjected to particle filtration and subsequent
spread plating on MEA agar with added Hg concentrations ranging
from 0-175 μM. Over a five-day incubation period, new colonies
were enumerated and characterized according to morphotype. Few
colonies grew on plates with added Hg concentrations higher than
50 μM. The diversity of fungi was significantly lower on MEA+50
μM Hg plates than on MEA plates: principal component analysis
suggested that different members of the fungal community were
dominant on each of these two agar types, this was supported by
inspection of the raw data. Twenty-one unique morphotypes were
found, and a representative colony of each morphotype was chosen
for isolation. Four isolates were investigated for Hg tolerance: of
these, two were tentatively identified as Umbelopsis isabellina, one as
U. rammaniana, and the fourth as Aspergillus cervinus. The effect of
Hg on the radial growth of the three Umbelopsis spp. was slight and
not significant: all three were tolerant of Hg up to 20 μM. However,
radial growth of A. cervinus was 20% inhibited by 20 μM Hg: this
inhibition increased to 50% at 35 μM Hg. These results suggest that
varying degrees of fungal tolerance to Hg may lead to changes in
fungal community composition in forest soils that are impacted by
Hg. Because litter decomposition plays a critical role in controlling
Hg transport, the varied Hg tolerance of soil saprotrophic fungi may
affect Hg geochemistry in wooded ecosystems.

RG1-O4
RESULTS OF THE 2011 INTERLABORATORY
COMPARISON STUDY FOR TOTAL MERCURY AND
METHYLMERCURY IN NATURAL WATERS
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(1) Brooks Rand Labs, joel@brooksrand.com (2) EcoChem, Inc.; (3)
United States Geological Survey
The low level analysis of total mercury and methylmercury in
water requires precise analytical instruments and careful sample
preparation, due to matrix interferences that are commonly present
in environmental samples. One means to ensure the comparability
of data produced by different laboratories is to conduct frequent
interlaboratory comparison studies. It is also important to
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compare data generated by different analytical methods in order
to ensure that the results are equivalent. Prior to this study, the
last large interlaboratory comparison study for total mercury
and methylmercury in natural waters that included analytical
method reporting was conducted in 1993 and reported at the
Third International Conference on Mercury as a Global Pollutant.
Analytical methodology and instrumentation has advanced
significantly since that time, resulting in a pressing need for a new
comparison study.
The current study included 51 registered participants, and was,
to our knowledge, the largest such study for total mercury and
methylmercury in water ever conducted. Filtered water samples
from three freshwater sites in northwest Washington State, USA,
were collected, preserved, and sent via overnight or express courier
to participating laboratories in 14 countries. Participants were given
14 days to report methylmercury results and 28 days to report total
mercury results. Laboratories were also required to provide detailed
information on their sample preparation, analysis, and recovery
correction methods, in order to assess whether certain methods
resulted in any reporting biases. Two laboratories analyzed samples
at the beginning and end of the data reporting period to determine
if there were any changes in analyte concentrations over the course
of the study. Full results of the study and statistical analysis will be
presented, in addition to a discussion of which methods are the
most effective for the measurement of low level total mercury and
methylmercury in freshwater.

MS11-O1
ADVERSE EFFECT LEVELS FOR EXPERIMENTAL DOSES
OF MERCURY IN BIRDS
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(1) College of William & Mary, dacris@wm.edu (2) BioDiversity
Research Institute
There is a long history of mercury dosing studies going back a
half-century, but many have been designed to determine lethal
concentrations, whereas today’s ecotoxicologist is often interested
in establishing whether sub-lethal injury has occurred. There have
been some recent experimental attempts to determine sub-lethal
effects of lower doses of mercury on behavioral and physiological
indicators of fitness, including endocrine disruption, reproductive
physiology, and immunocompetence. The goal of establishing
robust lowest adverse effects levels for mercury in birds is still
several studies away, but important progress has been made.
The goal of determining mercury concentrations below which
effects are unlikely is extremely important both for determining
where to focus limited restoration funding and what levels of
atmospheric pollution are acceptable. The main hurdles to defining
the low effects level for mercury in birds has been interspecific
and interindividual variability, inconsistent methods between
studies, and most importantly, difficulty translating the results of
captive dosing studies to effects in free-living birds. It is becoming
clear that the effects of mercury on birds may only be detectable
when other environmental stressors are present, such as adverse
weather, predators or food-limitation, conditions often missing
from experimental dosing studies. We will discuss recent progress
towards unifying the results of studies of environmental versus
experimental mercury exposure in an attempt to narrow down the
range of estimates for effects of environmental mercury on freeliving birds.
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IS THERE A NOVEL MERCURY RESISTANCE MECHANISM
AMONG CHEMOSYNTHETIC BACTERIA FROM DEEP SEA
HYDROTHERMAL VENTS?

MERCURY POLLUTION AT THE AAMJIWNAANG FIRST
NATION: ECOLOGICAL AND HUMAN EXPOSURES
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(3) Department of Agriculture Microbiology, Milan University; (4)
Graduate Program in Environmental Science, Rutgers University;
(5) Institute of Marine and Coastal Sciences, Rutgers University ; (6)
Department of Biochemistry and Microbiology, Rutgers University
Background
Hydrothermal vents are ecosystems where mercury (Hg) from
geothermal sources reach ng/L concentrations suggesting that
life in the vent environment must be adapted to Hg toxicity. The
Hg tolerance of chemosynthetic microorganisms, those that use
inorganic energy and carbon sources are the primary producers
in the dark environment of deep-sea vents, is central to life. While
heterotrophic bacteria from the vents utilize Hg resistance (mer)
operon to detoxify Hg by converting it to the elemental volatile
form, little is known about how chemosynthetic microbes tolerate
Hg. We therefore, studied the response of chemosynthetic bacteria
from diffuse flow vents on the EPR 9 ºN.
Methods
Chemosynthetic bacteria were enriched in mineral medium
containing 20 mM thiosulfate and 10 μM HgCl2. 16S rRNA genes
representing the isolates were used to create a phylogenetic tree.
MINEQL+ modeling was used to simulate Hg(II) speciation in
the growth media and mer-lux bioreporter assays determined how
speciation affected Hg(II) bioavailability. Resistance to Hg(II) was
determined by following microbial growth. Mercury reduction by
isolates was determined using the x-ray Hg volatilization assays or
by following the formation of Hg(0) from incubations of cultures
growing with Hg(II).
Results and Conclusion
Based on 16S rRNA gene sequences, chemosynthetic Hg resistant
bacteria were closely related to the Gammaproteobacteria
Thiomicrospira crunogena, Thiomicrospira thermophila,
Halothiobacillus hydrothermalis, Hydrogenovibrio marinus, and
to the Alphaproteobacteria Thioclava pacifica, and Pelagibaca
bermudensis. In the growth medium, Hg was present as negatively
charged complexes with thiosulfate and this complexation decreased
Hg bioavailability by 55%, relative to neutral HgCl2. Strains H
hydrothermalis and T.thermophila could tolerate as high as 10
μM Hg(II) and the addition of acetate as a carbon source to the
medium decreased the Hg tolerance of H. hydrothermalis and
increased it in T.thermophila. Homologs of mer genes could not
be detected in the genomes of any of our chemosynthestic deep
sea isolates and volatilization assays failed to detect production of
Hg(0) when H.hydrothermalis and T.thermophila were exposed to
Hg(II). Deep-sea heterotrophic bacteria that were used as controls
reduced Hg(II) and had mer gene homologs in their genomes.
Thus, chemosynthetic bacteria from deep-sea hydrothermal vents
are highly tolerant to Hg by a mechanism that does not involve
a mer-mediated reduction to Hg(0); possibly novel mechanism
of Hg resistance are employed by these microbes in the unique
environment of deep-sea vents.
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(1) University of Michigan, School of Public Health, dkcryder@
umich.edu (2) University of Michigan, Center for Human Growth
and Development; (3) Aamjiwnaang First Nation Environmental
Department
The Aamjiwnaang First Nations Reserve is located along the St.
Clair River in Southern Ontario among a highly industrialized
petrochemical center that is designated an Area of Concern that
spans the US/Canadian border. In 2008, 2401 kg of mercury were
released by facilities within in 25 km radius of the Reserve. For
several decades, methylmercury concentrations in sediments
have exceeded lowest effect levels for invertebrate health and fish
consumption advisories have been chronic in the region. Here we
assess mercury contamination at the Aamjiwnaang First Nations
Reserve by studying both ecological and human samples. Local
stream sediment and soil from both on and off Reserve were
analyzed for total mercury content. Hair from Aamjiwnaang
community members was analyzed for mercury to address human
body burdens. Soil collected from 28 playgrounds in the area and 23
local stream sites showed mercury concentrations ranging from 2
to 100 ppb and from 5 to upwards of 650 ppb, respectively. Notably,
a few of these sites had soil mercury levels that exceeded the
United States National Oceanic and Atmospheric Administration
Ecological Soil Screening Level guideline for plant and invertebrate
health. Hair collected from 8 mothers and their children living on
the Reserve contained mercury in the range of 0.008 to 0.277 μg/g.
Hair mercury levels were higher in mothers than children, but
overall concentrations were below the United States Environmental
Protection Agency guideline values of 1ug/g. This data suggests that
mercury continues to contaminate the Aamjiwnaang landscape but
that levels in human residents may not be of health concern.

MG14-P34
COGNITIVE ASSESSMENT OF RIPARIAN
SCHOOLCHILDREN FROM THE WESTERN BRAZILIAN
AMAZON
1

DA SILVA VIANA JACOBSON, Ludmilla , DE SOUZA HACON,
Sandra, MOURÃO, Dennys, BASTOS, Wanderley, OLIVEIRA,
Valéria
(1) FIOCRUZ, ludmillaviana@yahoo.com.br
Several studies suggest that exposure to Methilmercury may affect
children’s cognitive development. In the Brazilian Amazon riverine
population are exposed to MeHg through fish consumption. The
aim of this study is to describe the cognitive assessment, and the
association between cognitive responses and hair mercury levels
above 6μg/g, individual’s characteristics and anemia. This study
is part of the Mercury Health Impact Project, in an region where
two Hydroelectric Power Plant is been building in Amazon. This
is a cross-sectional study with a sample of about 300 riparian
schoolchildren, living along the Madeira River, in the Amazon
Basin. The cognitive test battery consisted of Raven Colored
Progressive Matrices test (RCPM), Rey Complex Figure test (ECF
- Copy and Memory trial), and Wechsler Intelligence Scale for
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Children test (WISC- Symbol and Digit subtests). The tests were
performed by psychologists. Hair and blood samples were analyzed.
An interview questionnaire was used to collect information on
socio demographic characteristics, fish-eating habits, neurological
symptoms and other relevant information. The descriptive
analysis showed that about 40% of the children presented mercury
concentration in hair higher than 6μg/g. The average concentration
was 8.5μg/g (95%CI: 7.2 – 9.8), and the maximum value was
92.1μg/g. The blood test showed that, about 35% were anemic The
Hg levels in hair were associated with daily fish intake. The results
of the tests were aggregated into two categories: intellectually
disabled or not. RCPM test indicated that 36% were intellectually
disabled and it was associated (p-value<0.10) with gender, age,
river bank, school year, failure in school at least once in life, and
anemia. A multiple logistic regression model adjusted by school
year, estimated an odds ratio of 1.66 (p-value=0.070) for children
with hair mercury levels above 6μg/g. The ECF Copy test pointed
63% as intellectually disabled. Variables associated (p-value<0.10)
were age, school year, exposure time, diagnostic of malaria, difficult
to distinguish colors, difficult to memorize, and fish consumption.
A multiple logistic regression model adjusted by age, failure in
school, anemia, and smoking in pregnancy, estimated an odds ratio
of 3.43 (p-value=0.004) for children with levels of mercury in hair
above 6μg/g. WISC Digit test indicated that 12% were intellectually
disabled. Variables associated (p-value<0.10) were age, school year,
anemia, more agitated than normal, abnormal mental development,
irritable, and hair mercury levels. In conclusion, these results
suggest that current exposure was associated with cognitive test
responses except for the ECF Copy test and WISC Symbol test.

WS10-O7
INVESTIGATIONS ON THE ROLE OF MAJOR CATIONS ON
THE UPTAKE OF INORGANIC HG SPECIES (HG2+ AND
HG0) BY A GRAM-NEGATIVE BACTERIUM
1
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DAGUENÉ, Valérie , YUMVIHOZE, Emmanuel , AMYOT, Marc ,
1
POULAIN, Alexandre
(1) University of Ottawa, valerie.daguene@gmail.com (2) Université
de Montréal
The pathways leading to the intracellular accumulation of mercury
remain poorly understood. Detailed knowledge of these pathways
is important for two reasons: i) to gain insights into the availability
of Hg to bacteria responsible for methylation (gram-negative
sulphate reducers), a process thought to occur in the cytoplasm
and ii) to better predict the relative availability of inorganic vs.
organic mercury species to improve models of bioaccumulation and
bioamplification trends within foodwebs.
Our work focuses on the availability of inorganic mercury species to
bacteria. Both passive diffusion and facilitated transport have been
suggested as ways for inorganic Hg complexes to cross bacterial
membranes. In this context, it is critical to consider the chemistry
of inorganic mercury in solution. It is also critical, although often
overlooked, to take into consideration how biological membranes
are affected by their chemical environment and therefore ultimately
control Hg uptake.
By carefully manipulating the chemistry in solution and the
speciation of mercury, we investigated the role of major cations (i.e.,
2
2
2
+
+
Ca +, Mg +, Sr +, Na , and K ) on Hg uptake. Our model bacterium
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was E. coli transformed with a plasmid-born mer-lux fusion
construct. This bacterial bioreporter, emits light proportionally to
intracellular Hg levels. All species were provided at environmentally
relevant levels (i.e., nM to mM for major ions and pM for Hg).
Preliminary results suggest that increasing concentrations of
divalent cations significantly alter mercury uptake. We did
not observe a similar effect in the presence of similar levels of
monovalent cations. The use of various counter anions (e.g., Cl-,
2+
2
SO4 -), the use of specific inhibitors of Ca transporters and the
0
2+
use of Hg , for its lipophilic properties, instead of Hg , suggest that
the observed effect is not associated with the presence of a specific
mercury species but rather with a discriminating effect of the cell
membrane. Our results suggest i) the need to take into consideration
variables that affect cell membranes to better model Hg
accumulation by biota and ii) point out to the role of major divalent
cations as potentially controlling Hg uptake. Therefore, processes
that control the mobility of such cations in the environment may
also indirectly control mercury methylation.

RS3-P1
2009-2010 MEASUREMENTS OF ATMOSPHERIC
MERCURY SPECIES FROM AN URBAN AND RURAL SITE
IN ATLANTIC CANADA
1

1

DALZIEL, John , TORDON, Robert , BEAUCHAMP, Stephen
(1) Environment Canada, john.dalziel@ec.gc.ca

1

Environment Canada is measuring the levels of three gaseous Hg
species – gaseous elemental mercury (GEM), gaseous oxidized
mercury (GOM), particulate bound mercury (PBM) in the fine
fraction (<2.5 μm) from two sites in Atlantic Canada. One site is
located in a coastal city, Halifax (Nova Scotia), while the second
site is located about 100 km from the coast in central southwestern
Nova Scotia within Kejimkujik National Park. This poster illustrates
and discusses the GEM, GOM and PBM data collected at both sites
over a continuous twelve month period from December 1, 2009 to
December 1, 2010. The year long data set from Halifax for GEM
-3
-3
had a median of 1.60 ng m , and a range of 0.63 to 370 ng m with
-3
GOM having a median of 1.37 pg m with a range from detection
-3
-3
limit (dl) to 62 pg m and PBM a median of 1.92 pg m with a
-3
-3
range from dl to 41 pg m . The very elevated levels (<300 ng m )
of Halifax GEM observed on two occasions also had corresponding
-3
elevated levels (>20 pg m ) of PBM. The mercury species data
from the site at Kejimkujik over the same time period have a GEM
-3
-3
median of 1.39 ng m and a range of 0.32 to 2.83 ng m with a
-3
GOM median of 0.16 pg m with a range from the dl to 12.2 pg
-3
-3
m and PBM a median of 1.85 pg m and a range from dl to 33.9
-3
pg m . For both sites, seasonal GEM trends were evident showing
the lowest median GEM levels occurring during summer and fall.
The GEM data from Kejimkujik also showed scavenging occurring
in this air shed during the late night and early morning hours
of summer and fall with the minimum levels in GEM occurring
around 07:00. GOM from both Kejimkujik and Halifax was higher
in the spring with a diurnal trend of highest GOM occurring during
in the late afternoon (16:00 to 18:00) during spring and to a lesser
extent summer months. Seasonal or diurnal trends for PBM form
both sites were not as clearly evident in this study. This poster will
illustrate and discuss trends in the atmospheric mercury speciated
data from both sites from this study.
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RG15-P18
THE ASSOCIATION BETWEEN WATERSHED
CHARACTERISTICS AND MERCURY CONCENTRATIONS
IN FISH OF NORTHERN ONTARIO LAKES
1

1

DANCO, Victoria , MACKERETH, R.W.
(1) Department of Biology and Centre for Northern Forest Ecosystem
Research, Lakehead University, Thunder Bay, ON , vdanco@
lakeheadu.ca
Methylmercury contamination in fish is of particular concern
because consumption of fish is the primary source of mercury
to humans and other wildlife. Mercury from both natural and
anthropogenic sources accumulates in fish tissue at concentrations
which are influenced by a large number of factors. For example,
disturbance in the watershed by forest management or wildfire
alters hydrologic and soil processes and plant communities thereby
increasing the risk of altering the cycling and bioavailability of
mercury in the terrestrial and aquatic ecosystem. The objective of
this study is to evaluate how watershed characteristics, particularly
disturbance within watersheds, are associated with the concentration
of methylmercury in fish. Information on fish contamination levels,
fish community structure and lake characteristics was collected
by the Broadscale Fisheries Management Program (BSFM), a
collaboration between the Ontario Ministries of Natural Resources
and Environment. The BSFM program has been monitoring fish
community diversity, sport fish abundance, invasive species and
fish contaminant levels on a large number of lakes across Ontario
since 2008. Watershed characteristics, including forest harvesting
and fire disturbance, geology, wetland area, topography and forest
type, will be summarized using a geographic information system
(GIS) analysis of provincial spatial databases. The study will focus
on lakes in the boreal region where forest management and fire are
the primary disturbance agents and where many remote lakes have
fish with unacceptably high levels of mercury. Preliminary results
will be presented for the most abundant sport fish in the area: lake
trout (Salvelinus namaycush), northern pike (Esox lucius), and
walleye (Sander vitreus). It is hypothesized that a portion of the
variability in mercury levels in these fish species can be explained
by watershed characteristics, particularly disturbance, and that
these characteristics can be used to identify mercury sensitive lakes.
Improved decision making regarding future land use prescriptions
could be developed based on consideration of these sensitive
ecosystems.

DL-cystine (SeCys), seleno-DL-methionine (SeMet) affected Hg
bioaccumulation differently. At high concentration in fish diet
-1
(20 μg g normally), selenate and SeCys significantly reduced
the dietary Hg(II) assimilation efficiency (AE) from 38% to 26%.
After the fish were pre-exposed to dietary selenite or SeMet (7
-1
μg g normally) for 22 days with significantly elevated Se body
concentrations, the Hg(II) AEs were pronouncedly reduced
(from 41% to 15-26%), whereas the dissolved uptake rate and
elimination rate were less affected. In contrast to Hg(II), all the
MeHg biokinetic parameters remained relatively constant whether
Se was administrated simultaneously with the fish diet or when the
fish were pre-exposed to Se with elevated body concentrations. Basic
biokinetic measurements thus revealed that Se had direct interaction
with Hg(II) during dietary assimilation rather than with MeHg, and
that different Se species had variable effects on Hg assimilation.

RG1-P12
A NEW OPTICAL CAVITY ABSORPTION APPROACH FOR
MEASURING ELEMENTAL MERCURY
1

2
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DARBY, Steven B , SMITH, Paul D , VENABLES, Dean S.
(1) University College Cork, s.darby@umail.ucc.ie (2) now at King’s
College London
The outstanding questions of atmospheric mercury chemistry have
renewed interest in alternative analytical methods to measuring
mercury. Current instruments do not give detailed information
on speciation or fluxes in the atmosphere and there is a need
to improve on existing technologies to make instruments for
atmospheric Hg detection faster, cheaper and more sensitive. Here
we present a novel approach based on cavity enhanced absorption
spectroscopy (CEAS). Even in a relatively small instrument,
the highly reflective mirrors of optical cavities can increase the
pathlength of light through the sample to hundreds of metres,
thereby greatly improving the absorption sensitivity. Pathlengths
far in excess of traditional Herriot or White multipass cells are
possible. Although lasers are conventionally used in CEAS systems,
an innovation of our CEAS instrument is to use an Hg lamp as the
light source and avoid the expense and complexity of deep-UV
laser systems. We analyse the sensitivity of the device and discuss
potential applications of the approach.

MG7-O6
FG8-O12
ANTAGONISTIC INTERACTION OF MERCURY AND
SELENIUM IN A MARINE FISH IS DEPENDENT ON THEIR
CHEMICAL SPECIES
1

1

DANG, Fei , WANG, Wen-Xiong
(1) Hong Kong University of Science and Technology, dangf@ust.hk
It is well known that selenium (Se) shows protective effects against
mercury (Hg) bioaccumulation and toxicity, but the underlying
effects of Se chemical species, concentration, and administration
method are poorly known. In this study, we conducted laboratory
studies on a marine fish Terapon jurbua to explain why Hg
accumulation is reduced in the presence of Se observed in field
studies. When Se and Hg were administrated concurrently in the
fish diets, different Se species including selenite, selenate, seleno-
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MASS INDEPENDENT ISOTOPE FRACTIONATION OF
MERCURY IN THE SEDIMENTS OF A SALT MARSH:
CABRETTA ISLAND, GEORGIA
1

2
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DAS, RESHMI , BIZIMIS, MICHAEL , WILSON, ALICIA
(1) SCHOOL OF ENVIRONMENTAL STUDIES, das.reshmi@gmail.
com (2) University of South Carolina
Salt marshes are an important sea - land interface, and a source of
nutrients to coastal waters, but little is known about the mercury
cycling in these environments. Here we report on the mercury
concentration and isotopic composition of surface and cored
sediments from the salt marsh and adjoining seaward sand dune
from Cabretta Island, Georgia, a Holocene barrier island. Core TT-4
from the sand dune is composed of fine sand. Core TT-2 from the
salt marsh is composed of interbedded sands and clays. Mercury
isotopes were determined on a NEPTUNE MC-ICPMS using the
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Tl addition technique at USC. Total Hg concentrations are lower
in the sand dune than in the marsh core sediments (TT-4~ 3-6 ppb
202
Hg and TT-2 ~ 3.4-15.7 ppb Hg, respectively). Δ Hg values range
from -0.74‰ to -2.03‰ in the dune and -1.33‰ to -2.19‰ in the
199
marsh. Sediments from both cores show significant MIF with Δ Hg
199
ranging between +0.46‰ to -0.51‰, and Δ Hg broadly correlates
with lithology and mercury concentration. Well sorted sand layers
199
have lower Hg concentrations and zero to slightly negative Δ Hg
, whereas clay-rich layers have higher Hg concentrations and
199
positive Δ Hg values. This pattern matches with surface sediment
compositions, where dune sands have zero to slightly negative
199
Δ Hg (-0.07‰ to -0.15‰) and the marsh clay-rich surface has
199
199
201
significantly positiveΔ Hg (0.48‰ to 0.79‰). Δ Hg and Δ Hg of
a Spanish moss sample collected from the beach front was -0.06‰
and -0.15‰ which is possibly the local atmospheric composition
199
of mercury. The significant Δ Hg difference between the dune
and marsh surface and core sediments rules out atmospheric
deposition as the only source of Hg in this environment. We suggest
that for the marsh a significant proportion of Hg is adsorbed from
199
201
the seawater enriched in Hg and Hg due to photoreduction of
+2
199
Hg and MeHg. In contrast the ombrotrophic sand dune Δ Hg
201
and Δ Hg composition matches that of the Spanish moss in the
199
201
area, suggesting slightly negative Δ Hg and Δ Hg for the local
atmosphere. Our data shows that Hg isotopes can delineate the
different sources of Hg in a pristine coastal environment.

TS2-O8
ECOSYSTEM MERCURY MODELING: EMISSIONS TO FISH
1
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DASTOOR, Ashu , DILLON, Peter , ETHIER, Adrienne , HARRIS,
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Daniel , POSTE, Amanda , RYZHKOV, Andrei , ARP, Paul ,
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DURNFORD, Dorothy , LEAN, David , MORRISON, Heather ,
1
NIEMI, David
(1) Environment Canada, ashu.dastoor@ec.gc.ca (2) Trent University;
(3) Atomic Energy Canada Ltd; (4) Reed Harris Environmental Ltd.;
(5) Water Reserch Associates; (6) Swedish University of Agricultural
Sciences; (7) University of New Brunswick; (8) University of Ottawa
A process-based watershed scale ecosystem mercury modeling
framework is developed under the leadership of Environment
Canada. The primary objective is to develop a predictive capability
to assess the benefits of mercury emission reductions slated under
Canada’s Clean Air Regulatory Agenda (CARA) and elsewhere
globally. Other objectives are to identify the extent to which the
mercury benefits of CARA may vary on a broad national scale
and to estimate the impact of a changing climate and chemical
environment on mercury cycling in Canadian ecosystems. Despite
current knowledge gaps in mercury biogeochemical processes,
deterministic mercury models can provide valuable information
relating mercury emissions to mercury concentrations in biota for
decision making and enhance our understanding of mercury cycling
in the environment.
The model framework consists of sequentially linked dynamic
models of atmospheric, terrestrial, aquatic and bioaccumulation
cycling of mercury. Global/Regional Heavy Metal’s Model
(GRAHM) simulates meteorological processes and atmospheric
transport, transformations and deposition of elemental and oxidized
mercury in gas and aerosol phases. Anthropogenic, natural and
re-emission of deposited Hg from land and oceans constitute the
mercury emissions in the model. Global anthropogenic emissions
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from 1990-2005 and detailed Canadian anthropogenic emissions
for 2006 (CARA base year) are used to simulate the atmospheric
mercury distribution and deposition in Canada. Mercury deposition
from GRAHM is introduced into Integrated Catchment (INCA)
- Mercury model. INCA-Hg simulates the transport of gaseous,
dissolved and solid forms of Hg and transformations between
0
2+
elemental (Hg ), ionic (Hg ) and methyl (MeHg) mercury in
components of the watershed including vegetation, snow, litter and
2+
soil and surface waters. Dissolved and sediment-bound Hg and
MeHg are transported from the catchment to the lakes by stream
flow. Atmospheric deposition from GRAHM and terrestrial mercury
inputs from INCA-Hg feed into aquatic models: Hg Environmental
Ratios Multimedia Ecosystem Sources (HERMES), and an aquatic
and bioaccumulation model, Dynamic-Mercury Cycling Model
0
2+
(D-MCM). HERMES simulates concentrations of Hg , Hg and
MeHg in the water column and sediments of lakes. D-MCM
0
2+
simulates Hg , Hg and MeHg in water column, sediments and
food webs including six trophic levels (phytoplankton, zooplankton,
benthos, piscivore fish, omnivore fish and non-piscivore fish).
Seven lakes in Canada covering a wide range of watershed to lake
area ratios (3:1 - 38:1) and a variety of physical, geographical and
chemical characteristics were selected for the ecosystem model
application. These include North Cranberry and Big Dam West,
Nova Scotia, Lake 240, Dickie and Harp, Ontario, Phantom,
Manitoba and Wabamun, Alberta representing contaminated to
remote sites. These lakes are in regions of CARA measurement
super-sites that provide a comprehensive and geospatially explicit
datasets for model input and evaluation. Model evaluation and
sensitivity of the model to various watershed characteristics will be
presented.

TG10-P12
MERCURY AND SEDIMENT TRANSPORT TO NORTH SAN
FRANCISCO BAY
1

1

1

DAVID, Nicole , MCKEE, Lester J. , LEATHERBARROW, Jon E.
(1) San Francisco Estuary Institute, nicoled@sfei.org

San Francisco Bay is currently listed as impaired on the Clean Water
Act 303(d) list for mercury due primarily to elevated concentrations
in sport fish and associated fish consumption advisories. Historic
gold and mercury mining in the Sierra Nevada and Coast Range
Mountains (California, USA), long range atmospheric deposition,
agriculture, as well as expanding urbanization in the Central
Valley are ongoing sources of mercury to San Francisco Bay.
Delta outflow from the Central Valley currently provides about
92% of the freshwater and 44% of the sediment load and as such
an important transport pathway for mercury and other particleassociated contaminants. Between January 2002 and June 2010,
water sampling for analysis of suspended sediment (SSC) and
mercury concentrations and continuous monitoring of turbidity
were performed at the boundary between the Delta and the Bay
to quantify mercury concentrations and loads associated with first
flush and large storm events. Turbidity data were converted to
SSC by the USGS using a robust correlation. During water years
(WYs) 2002-2010, total mercury concentrations in water ranged
from 0.23 to 75 ng/L and showed a strong correlation (r2 = 0.8)
to suspended sediment concentrations. Continuous turbidity
measurements and SSC data at the study location allowed for
extrapolation of the water quality record to estimate daily average
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total mercury loads. Daily mercury loads ranged from 1.6 g to 32
kg, while annual mercury loads varied from a minimum of 38 ± 14
kg in WY 2007 to a maximum of 470 ± 170 kg in WY 2006. This
dataset includes samples collected during a series of large storms in
2006 that resulted in peak flows with a return frequency of 7 years.
Given the magnitude of the loads relative to other pathways to
the Bay and the potential impact to water quality, in 2010 samples
were also analyzed for dissolved, methyl, and acid labile mercury.
Percent dissolved, total methyl, and acid labile mercury averaged
27% (n = 39), 1.6% (n = 16), and 6.1% (n = 16), respectively. These
percentages were within the expected range based on previous work
conducted in large, mixed land use watersheds. Combined with
information on other transport pathways, this six-year mercury
dataset along with the 16-year SSC record and the 56-year Delta
outflow record is helping managers find ways to accelerate the longterm recovery of the Bay from mercury contamination.

RS13-O5
ANALYTICAL CHALLENGES IN THE DETERMINATION
AND SPECIATION OF MERCURY IN THE MARINE
ENVIRONMENT
1
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DAVIDSON, Christine. M , KEENAN, Helen.E , , GESAMP WG 37
(1) WestCHEM, Department of Pure and Applied Chemistry,
University of Strathclyde, Glasgow, Scotland, UK, c.m.davidson@
strath.ac.uk (2) DLCS, University of Strathclyde, Glasgow, Scotland,
UK; (3) GESAMP

Improved understanding of the role of mercury as a global pollutant
relies on the availability of accurate, reliable analytical methods
to determine both total mercury concentration and, often more
importantly, specific mercury species in environmental samples
such as seawater, marine biota and sediment. Several instrumental
analytical techniques are well established for measuring total
mercury in aquatic samples and solid sample extracts, notably
cold vapour atomic absorption spectrometry, atomic fluorescence
spectrometry and inductively-coupled plasma mass spectrometry.
However, there is less agreement on the best methods to use
to extract analyte from solid samples prior to quantification,
especially where the goal is to obtain not total, but species-specific
information in order to estimate risk of mercury mobilisation or
bioavailability. Numerous approaches are reported in literature
[1, 2]. This lack of harmonised methodology means that different
analysts may generate different results from the same samples,
rendering impossible the comparison of data produced in different
laboratories or countries and thus undermining attempts to
implement a global strategy for the management of mercury. A
further analytical challenge is the lack of suitable certified reference
materials (CRMs) for use in validation of analytical methods,
especially methods of speciation analysis. Although some are
available, a wider range needs to be produced so that workers have
available CRMs that closely match the samples studied in terms of
their matrix composition and approximate pollutant concentrations.
Finally, given the probably increase in numbers of samples to be
analysed for their mercury content in the next decade, especially
in developing countries where complex laboratory facilities may
be limited or non-existent, there is a need for the development of
simple, field-deployable methods of analysis. These can be used as
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screening test to gain rapid information on approximate mercury
levels in samples. More complex and costly laboratory-based
analyses can then be restricted to only those samples identified as of
particular interest due, for example, to the presence of high analyte
concentrations.

MG7-P43
HYDROLOGIC INFLUENCES ON MERCURY
METHYLATION IN VERNAL POOL ECOSYSTEMS
1

1

DAVIS, Eric , BOWDEN, William
(1) University of Vermont, Eric.Davis@uvm.edu
The adverse effects of mercury contamination on wildlife are well
documented and include inhibited performance, maintenance, and
reproduction. Anoxic conditions in aquatic systems facilitate the
transformation of atmospherically deposited, inorganic mercury
to bioavailable methylmercury. Increasing concentrations of
dissolved organic carbon (DOC) and decreasing pH are positively
correlated with increased methylation. Vernal pools may be efficient
methylators of mercury as these ecosystems are characterized by
these conditions. Mercury is of particular concern in vernal pools
as they provide critical breeding habitat for amphibian populations.
In addition to the direct detrimental effects mercury contamination
has on these globally pressured populations, amphibians are a
high quality food source and comprise significant biomass. Their
importance as a trophic link represents a potential vector for
methylmercury to move out of vernal pools and biomagnify up
trophic levels. Vernal pool hydrology is distinctly different from
other aquatic systems in the variability of inundation and the extent
of drying. We hypothesize that this affects methylation dynamics.
Eight vernal pools have been selected for this study, four in each
of Marsh Billings National Historical Park in Woodstock, VT
and Saratoga National Historical Park in Saratoga, NY. Sites were
selected along a morphological gradient of deep, well confined sites
to shallow, extensive sites to include pools with varying hydrologic
regimes. Duration of inundation and variation of inundation were
quantified by deploying pressure transducers that continuously
logged water level. High-resolution elevation maps will be
constructed using RTK GPS surveying equipment allowing water
level data to be extrapolated to surface area inundated. Mercury
samples were collected once at each pool in fall 2010 and three times
throughout spring 2011. Additionally, two pools were sampled at a
greater frequency during the spring 2011 season to better capture
temporal variation in these systems. Each time a mercury sample
was collected, additional samples were collected and analyzed for
chemical parameters that have been shown to affect methylation
in aquatic systems. These parameters include pH, temperature,
conductivity, DOC, and sulfate concentrations. Methylation
efficiency (MeHg/THg) was calculated for each water sample. The
characteristics of the hydrologic regime will be combined with the
chemical parameters as independent variables in a multivariate
analysis in which the total mercury, methylmercury, and
methylation efficiencies are the dependent variables to determine
how hydrology may influence methylation.
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TS7-P8
BIOGEOCHEMICAL CYCLING OF MERCURY COUPLED
WITH A NITROGEN AND CARBON WATERSHED
HYDROLOGY MODEL (VELMA)
1

1

2

DAVIS, Gary , KNIGHTES, Christopher D. , ABDELNOUR, Alex ,
2
STIEGLITZ, Marc
(1) USEPA, Davis.Gary@epa.gov (2) Georgia Institute of Technology
Watershed scale mercury modeling is just beginning to emerge
and help further understanding of mercury fate, transport, and
transformation within a watershed. The principle processes
and equations governing mercury cycling were incorporated
into VELMA (Visualizing Ecosystems for Land Management
Assessment) to predict daily fluxes and concentrations of total
mercury (THg) and methylmercury (MeHg) for a specified
catchment. VELMA is a spatially-distributed eco-hydrological
model that simulates soil water infiltration and redistribution,
evapo-transpiration, surface and subsurface runoff, carbon (C)
and nitrogen (N) cycling in plants and soils, and the transport of
dissolved organic carbon (DOC), dissolved inorganic nitrogen
(DIN), and dissolved organic nitrogen (DON) from the terrestrial
landscape to streams. VELMA uses a distributed soil column
framework to simulate the vertical movement of water, heat, and
nutrients within the soil, between the soil and vegetation, and
between the soil surface and vegetation to the atmosphere. The
transport of mercury species down the hillslope is accomplished
through advection of dissolved mercury (aqueous phase and DOC
complexed). Each soil column within the watershed accounts for
mercury accumulation through governing processes of deposition,
decomposition, inflows, outflows, and transformation reactions.
Site and species-specific rate constants, along with complexation
constants, have a significant role in mercury transport. The
mercury-incorporated VELMA model has been calibrated and
simulated for both WS10 of the H.J. Andrews experimental forest
2
and McTier Creek of the Edisto River Basin. WS10 is a 0.102 km
forested catchment located in central Cascade Range of Oregon
2
while McTier Creek is a 79.4 km watershed in the Sand Hills of
South Carolina. The seasonality of in-stream mercury concentration
was low during dry summers, while mercury concentration typically
peaked during the first fall storm and remained notable throughout
the rainy winter season. A large flux in mercury through storm
events did not always correspond to an increase of in-stream
mercury concentration. At both sites simulated total mercury
concentration are within range of observations and help to predict
and understand mercury species at the watershed level.

REDUCING METHYLMERCURY ACCUMULATION IN THE
FOOD WEB OF SAN FRANCISCO BAY
1

1

DAVIS, Jay , GREENFIELD, Ben , GRENIER, Letitia , YEE,
1
1
1
1
Donald , MCKEE, Lester , MELWANI, Aroon , COLLINS, Josh ,
2
2
LOOKER, Richard , AUSTIN, Carrie , MARVIN-DIPASQUALE,
3
4
5
Mark , BRODBERG, Robert , BLUM, Joel
(1) San Francisco Estuary Institute, jay@sfei.org (2) San Francisco Bay
Regional Water Quality Control Board; (3) U.S. Geological Survey;
(4) California Office of Environmental Health Hazard Assessment; (5)
University of Michigan
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This situation poses a challenge for managers aiming to reduce
MeHg in the Bay food web. Contemporary Hg inputs or legacy Hg
pools may be enough to fuel food web accumulation far into the
future. Controllable inputs of Hg should certainly be minimized,
but controlling in situ net MeHg production is also likely needed
to achieve measurable and timely reductions in food web MeHg.
Some facets of the Hg problem appear to be tractable. Highly
managed habitats (i.e., reservoirs and salt ponds) offer the greatest
opportunities for intervening in the MeHg cycle. It may also be
possible to adjust the design of restored tidal wetlands to minimize
MeHg bioaccumulation. Discrete areas of elevated uptake on the
Bay margin may also present opportunities for intervention. Other
systemic changes are also underway that could conceivably either
significantly enhance or hinder efforts to reduce food web MeHg.
Declining sediment supply to the Bay has increased water clarity
and may enhance photodemethylation, but also may increase bed
erosion and remobilization of legacy Hg sediment deposits. Climate
change and sea level rise may also drive changes in food web MeHg
in ways that are difficult to forecast.

MS18-P5
UNEP GLOBAL MERCURY PARTNERSHIP CHLOR-ALKALI
PARTNERSHIP AREA
1

1

DAVIS, Kenneth , BAILEY, Marianne
(1) United States Environmental Protection Agency, davis.kennethj@
epa.gov

WS14-O5
1

In San Francisco Bay, mercury (Hg) contamination in the Bay and
its watershed stems from a substantial legacy of historic Hg and
gold mining, as well as inputs from atmospheric deposition, urban
runoff, and other pathways. Elevated methylmercury (MeHg)
concentrations in sport fish have led to consumption advisories for
the Bay and for many upstream reservoirs. Detailed studies have
documented significant risks to several bird species. Spatial and
temporal trends observed in MeHg in the food web and recent work
examining Hg stable isotopes indicate that Hg in sediment, derived
largely from mining but also from other sources, is available for
methylation and bioaccumulation, even though much of the Hg
entered, and continues to enter, the aquatic environment as cinnabar
or roasted cinnabar mine waste. Available long-term time series
suggest that food web concentrations were higher in tidal marshes
in the early 1900s, but have shown little or no decline in the Bay
or its tidal marshes since the 1970s. Studies of the vertical and
horizontal distribution of Hg in sediment indicate that past inputs
have been thoroughly mixed throughout the system in this shallow
and dynamic estuary.

The mercury-cell process is one process used by the chlor-alkali
sector to produce chlorine and caustic soda. This technology
currently represents approximately 20% of global chlor-alkali
production. Mercury cell chlor-alkali production (MCCAP) remains
a significant user of mercury and is a relevant source of mercury
releases to the environment. Mercury cell facilities that close or
convert to non-mercury cell technologies also have significant
amounts of surplus mercury, which requires environmentally-sound
long-term management. In general, the number of MCCAP facilities
is on the decline, consistent with the end of the economic life of
these facilities. Consistent with the overall goal of the UNEP Global
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Mercury Partnership, the objective of the chlor-alkali partnership
area is to significantly minimize and where feasible eliminate global
mercury releases to air, water, and land that may occur from chloralkali production facilities.

TS16-P17
THE METHYLMERCURY EXPOSURE PATTERN OF
RIVERSIDE INHABITANTS IN AMAZON IS STILL HIGH
REQUESTING HEALTH SURVEILLANCE
1

1

DE JESUS, Iracina M. , LIMA, Marcelo Oliveira , FAIAL, Kleber
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Raimundo Freitas , PINHEIRO, Maria da Conceição Nascimento ,
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Mineshi , SANTOS, Elisabeth Conceição Oliveira
(1) Evandro Chagas Institute, iracinajesus@iec.pa.gov.br (2) Federal
University of Pará; (3) National Institute for Minamata Disease; (4)
International Mercury Lab. Inc.
Different patterns of mercury (Hg) exposure has been found in
the Amazon populations and it has been related to the sources
of mercury release to the environment until reaching alimentary
resources as fish. The riverside communities represent a large
number of those populations and they present high vulnerability
due to the route exposure to the methylmercury (MeHg) since they
are consumers of aquatic food. This study aimed at to contribute for
the health surveillance of a riverside community located in Tapajós
river basin, Brasilian Amazon assessing the epidemiological current
status of MeHg exposure. Comparative study was developed in
Maranhão village, a community of the Pará river, without previous
data of Hg exposure. The analyses of total and methylmercury in
hair were accomplished respectively by CVAAS and GC-ECD,
according Akagi method (2004). A total of 104 resident from
Barreiras village, 12 to 72 years old participated in the study. The
-1
average of THg in hair was of 12.23 ± 7.83 μg g and geometric
-1
mean of 9.34 ± 2.13 μg g . Methylmercury average of 87 individuals
-1
-1
was of 10.20 ± 6.62 μg g and geometric mean of 7.55 ± 2.23 μg g .
Correlation between THg and MeHg was positive and very strong
(r=0.9043, p<0.0001). Concerning fish consumption the correlation
was positive and weak (THg rs=0.2987, p=0.0021; MeHg rs=0.2298,
p=0.0322). Maranhão village presented average of THg of 2.12 ±
-1
-1
1.45 μg g and geometric mean of 1.62 ± 1.78 μg g . In Barreiras
and Maranhão the average of fish consumption was of 8.7 and 3.0
times per week, respectively. Hair samples of 62 women of Barreiras
were analyzed in six consecutive segments of two cm to verify
possible variation along the last year, considering a growth of the
hair about a cm a month. The THg average varied from 8.77 to 11.68
-1
-1
μg g , geometric mean from 6.51 to 8.84 μg g and there was not
significant difference among the periods (Anova one way, Dunn’s
post test). The results suggest a high and continuous exposure
to MeHg, supporting the need of strengthenning the health
surveillance in riverside populations.

WS8-O6
A PAIRED-CATCHMENT STUDY IN NORWAY: EFFECTS
OF FOREST HARVEST ON MEHG IN STREAMWATER AND
INVERTEBRATES
1

1
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DE WIT, Heleen , LINDHOLM, Markus , GRANHUS, Aksel ,
3
KAINZ, Martin
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(1) Norwegian Institute for Water Research, heleen.de.wit@niva.no (2)
Norwegian Forest and Landscape Institute; (3) WasserKluster Lunz,
Lunz am See, Austria
Forest harvest may stimulate MeHg leaching from catchments with
consequences for MeHg levels in aquatic food webs. We designed a
paired-catchment study in two small boreal headwater catchments
with ca 20% peat in southern Norway to test effects of harvest on
Hg and MeHg in streamwater and invertebrates. The pre-treatment
period was June 2008 - January 2009. Forest in one catchment was
harvested in January 2009, according to national forestry practices.
The soil was not frozen and the machines made deep and visible
tracks in the soil. Water chemistry, discharge and invertebrates were
monitored in both catchments before and after harvest.
Average streamwater chemistry in the reference and the treated
catchment in the preharvest period were 0.09 and 0.19 ng/L MeHg,
14 and 22 mg/L TOC and pH 4.8 and 4.5, respectively. Effects on
water chemistry after harvest so far are increased concentrations
of K, totP and inorganic N species. No increase in MeHg has been
observed until now. The harvested catchment shows seasonal peaks
of MeHg (ca 0.5 ng/L) during winter (starting prior to harvest),
dropping to <0.1 ng/L during snowmelt. Such seasonality is lacking
in the reference catchment. We do not understand the driver of the
winter peaks of MeHg but speculate that the snowpack may simulate
hydrological connection between the peatland and the stream in the
harvested catchment.
Both streams had similar, short food chains. We sampled biota
in the autumn of 2008 and the spring of 2009. Biofilm MeHg was
unexpectedly low in both streams. MeHg in primary consumers
– stoneflies and blackflies - was highest in the MeHg-rich stream,
while trophic enrichment of MeHg did not differ. Thus, exposure to
MeHg at the bottom of the aquatic food chain appeared to control
differences in MeHg in predator invertebrates (caddisflies). MeHg
in winter-biota in both streams was significantly related to retention
of bacterial fatty acids, suggesting a link between dietary uptake
of bacteria and MeHg accumulation at the base of the food chain.
In the summer-biota, MeHg was negatively related to retention of
algal fatty acids, suggesting that ingestion of algae diluted MeHg
bioaccumulation.
A better understanding of catchment processes driving MeHg
in streamwaters is needed to allow prediction of MeHg leaching,
exposure of food webs to Hg, and ultimately, of Hg levels in fish.

TS17-O12
MERCURY USE IN ASGM IN INDIA
1

DEB, Mihir
(1) University of Delhi, mihirdeb@gmail.com
India is one of the largest users of the hazardous metal mercury in
the world. The average use of mercury over the last decade has been
of the order of 170 to 190 mtons/a., that is, 7 to 10% of the total
global mercury use. The different sectors that consume mercury
are: chlor-alkali (16%), batteries (16%), thermometer and other
measuring equipments (14%), thermostats (12%) and lighting (4%),
accounting for 62% of the total mercury use. According to available
statistics, 38% of mercury imported remains unaccounted for. Based
on our surveys on artisanal and small scale gold mining (ASGM)
in different parts of India it is proposed here that the major part of
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this unaccounted mercury is actually utilized in recovery of gold
through amalgamation and subsequent burning, causing significant
environmental pollution. Most of these miners are poor indigenous
tribal people and a substantial part of the work force comprises
women.
Gold occurrences in India are mainly confined to the Precambrian
rocks of Dharwar craton in south India. The other primary
gold occurrences are scattered in central and eastern India: in
Mahakoshal belt in eastern Uttar Pradesh, in the Sakoli basin of
Maharashtra, in the Dongargarh Group in Chattisgarh and in the
Singhbhum region of Jharkhand state. In the west, gold occurrences
are known in the Banswara district of Rajasthan. All these areas are
known for ASGM.
Primary auriferous quartz reefs are worked by local communities
in the Wynad gold field, in the contiguous parts of Tamil Nadu and
Kerala, particularly in the abandoned mines and adits in Pannur,
Pandalur-Devala areas. Similarly, in the Hosur area of northern
Karnataka, illegal ASGM is carried out in the abandoned shafts and
inclines of the Bharat Gold Mines Ltd. in the Gadag gold field.
ASGM is carried out extensively in the Nilambur region, south
of the Wynad gold field, in the alluvial tracts of the Cheliyar and
Punna Puzha Rivers and also in the nearby Attapady valley of
Pallakkad district in Kerala by the local Paniyar tribe. Alluvial gold
mining is practiced by local villagers in Maru River (a tributary of
Waynganga) bed in Bhiwapur in Nagpur district of Maharashtra, in
the wide alluvial tract of the Subarnarekha River in Jharkhand and
in the Himalayan foothills near Rampur in Himachal Pradesh, in
the bed of the meandering Sutlej River.

TG7-O15
MERCURY IN SEDIMENTS AND FISH OF A SMALL
BRAZILIAN RIVER: A BIOGEOCHEMICAL APPROACH
1

2
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South Consultants Inc; (4) IPESCA/SAA; (5) APTA/CENA-USP
The biogeochemistry of mercury in the Guamium River, basin,
a 7,051 ha catchment, that drains an agricultural urban area
(upstream), farm land (middle basin) and an urban industrial area
(downstream) was assessed. We sampled bottom, and suspended
river sediments and the characid fish lambari (Astyanax altiparanae)
at nine locations, that were distributed among the three distinct
regions of land usage. Fish were caught by electro fishing in the
dry season (September, 2005) and in the rainy season (February,
2006), while bottom sediments were collected in July, 2008 (dry
season) and March, 2009 (rainy season). Suspended sediment were
sampled in March, 2009 at only one location of the three areas.
Sediment samples were analyzed for both, bioavailable and total
Hg in the <0.063mm fraction. Concentrations of total Hg were
determined from liophylized fish samples. Hg concentrations in
-1
bottom sediments ranged from 0.040-0.105 mg kg and 0.018-0.064
-1
mg kg for total and available Hg respectively for the dry season.
During the wet season bottom sediments contained 0.055-0.133 mg
-1
-1
kg total Hg and 0.010-0.052 mg kg available Hg. Concentrations
in the suspended sediments were higher upstream, intermediated
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in the middle basin and increased downstream, with absolute
concentrations being in the same order of magnitude as the bottom
13
15
sediments. Sediment isotopic composition of C, N, indicated that
up to 70% of the carbon originated from C4 plants like sugarcane
and from river plankton. A C/N ratio of 10-15 suggested sewage
inputs to the river. Lambari, which was the most abundantly caught
fish species, measured between 44 and 135 mm total length and
-1
ranged in Hg concentrations from 0.026 to 0.381 mg Kg (wet
weight). Mean Hg concentrations were higher in fish captured
-1
upstream (0.139 mg Kg ), than in fish caught from the middle basin
-1
-1
(0.074 mg Kg ) or downstream area (0.060 mg Kg ). No significant
relationship between fish length and Hg concentration existed. Hg
concentrations in bottom sediments increased in a downstream
direction, suggesting that Hg inputs were highest in the urban
industrial area.

MG2-O6
MERCURY ISOTOPES IN A FORESTED ECOSYSTEM: NEW
INSIGHT INTO BIOGEOCHEMICAL CYCLING AND THE
GLOBAL MERCURY CYCLE
1

1

1

DEMERS, Jason D. , BLUM, Joel D. , ZAK, Donald R.
(1) University of Michigan, jdemers@umich.edu

Forests play a key role in the cycling of Hg between the atmosphere
and terrestrial ecosystems, yet the sources and fate of Hg stored
and exchanged within forests are somewhat elusive. In particular,
it is difficult to identify the source(s) of Hg accumulated in foliage
or evaded from the forest floor. Here, we use natural abundance
Hg isotope measurements to trace the biogeochemical cycling of
Hg in a forested ecosystem. We quantified the stable Hg isotopic
composition of precipitation, foliage, soil, and total gaseous mercury
(THggaseous = GEM + RGM) in the atmosphere, as well as in evasion
from soil, in 10-year-old aspen stands at the FACE experiment in
Rhinelander, WI, USA. Precipitation samples were characterized
202
199
by Δ Hg values ranging from -0.74 to 0.06 ‰, and Δ Hg values
ranging from 0.16 to 0.82 ‰. The isotopic composition of THggaseous
202
collected above the forest canopy was characterized by Δ Hg values
199
ranging from 0.48 to 0.93 ‰ and Δ Hg values ranging from -0.21
to -0.15 ‰. Uptake of gaseous mercury by foliage resulted in a
202
large (-3.0 ‰) shift in Δ Hg values, with the foliage displaying
202
199
Δ Hg values ranging from -2.53 to -1.89 ‰. The Δ Hg values
of foliage ranged from -0.37 to -0.23 ‰. Forest floor soil samples
202
were characterized by Δ Hg values ranging from -1.88 to -1.22
199
202
‰ and Δ Hg values ranging from -0.22 to -0.14 ‰. On a Δ Hg
199
vs Δ Hg plot, soils fall along a mixing line between foliage and
precipitation, which represent sources of wet and dry deposition
to the forest floor. The isotopic composition of Hg evading from
the forest floor was similar to that of THggaseous collected above
the forest canopy. Because there are no mechanisms that we would
202
expect to produce a large shift in Δ Hg during evasion of mercury
from forest soils, we conclude that mercury evading from the forest
floor originates from the volatilization of recent wet deposition of
mercury (i.e., precipitation), and does not represent the emission
of legacy Hg from the soil. Furthermore, we calculate that the large
mass dependent isotope fractionation of mercury upon uptake by
vegetation may be important to understanding the isotopic balance
of the global mercury cycle.
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MG7-P36
LEGACY MERCURY AND STOICHIOMETRY WITH C,
N, & S IN SOILS, PORE WATER, AND STREAM WATER
ACROSS THE UPLAND-WETLAND INTERFACE IN THE
ADIRONDACK REGION, NY
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2
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(1) University of Michigan, jdemers@umich.edu (2) Cornell
University; (3) Syracuse University

3

Elevated atmospheric deposition of mercury since the mid1800s industrial revolution has led to a large legacy of mercury
accumulation in forest and wetland soils. However, the mechanisms
influencing the retention and biogeochemical cycling of mercury
within the soils of forests and different wetland types remains
unclear. In this study, mercury pool size and stoichiometry with C,
N, and S are quantified across upland-wetland transects and among
wetlands of different hydrogeologic settings in the Adirondack
region of New York State. The pool size of mercury varied across the
upland-wetland interface, among wetland types, across individual
wetland transects, and along depth profiles in soils of forests and
wetlands of the Sunday Lake watershed. Total mercury pool size
was greater in upland soils than in wetland soils (to 50 cm depth,
p<0.01). Shallow peat riparian wetlands had greater mercury pool
size (to 50 cm depth) than deep peat riparian or headwater wetlands
(p<0.099, p<0.046). There was greater accumulation of mercury at
the upland-wetland interface in deep peat riparian and headwater
wetlands as compared to the overall wetland transect (p=0.008). In
mineral horizons of the uplands and shallow peat riparian wetlands,
2
mercury was strongly correlated with carbon (p=0.002, r =0.73), and
2
nitrogen (p<0.001, r =0.82), but not sulfur. In deep peat riparian and
headwater wetlands, there was no relationship between mercury and
carbon or nitrogen; however, there was a strong correlation between
mercury and sulfur in the peat of headwater wetlands (p<0.0001,
2
r =0.60). Hydrogeologic setting influences decomposition processes,
biogeochemical cycling of mercury, and hydrologic transport that,
in turn, govern the size, distribution, and stoichiometry of mercury
pools across the upland-wetland interface, along peat depth
profiles, and among different wetland types. The absence of strong
correlation between dissolved mercury (Hgd) and dissolved organic
carbon (DOC) in the peat porewater and outlet stream water of
the headwater wetlands suggests that export of mercury from these
headwater wetlands is limited by the supply of mercury rather than
by the availability of Hg-DOC binding sites. In contrast, it appears
that the quantity of mercury transported in riparian streams is more
limited by DOC binding and mobilization, and reflects the strong
correlation between mercury and carbon observed in the upland
mineral soil horizons and shallow peat riparian wetlands.

TS5-O4
A SYNTHESIS OF RATES AND CONTROLS ON
ELEMENTAL MERCURY EVASION IN THE GREAT LAKES
BASIN
1

1

DENKENBERGER, Joseph S. , DRISCOLL, Charles T. ,
2
3
BRANFIREUN, Brian , ECKLEY, Chris S. , SELVENDIRAN,
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Rates and controls on surface-air elemental mercury (Hgo) fluxes
were reviewed in the literature and synthesized for the Great
Lakes Basin (GLB). Fluxes were measured using a variety of
methodological approaches, however most involved either dynamic
flux chamber (DFC) or micrometeorological gradient (MM)
techniques. For the majority of surfaces studied, surface fluxes were
net positive (evasion). Studies show considerable heterogeneity in
o
Hg evasion rates across temporal and spatial scales. Evasion rates
were selected that we considered representative for different land
cover types in the GLB. A geographic information system (GIS)
approach was utilized to estimate an overall annual Hg evasion
rate for the GLB of 9.9 Mg/yr. Although somewhat uncertain, this
value is less than our estimate of total Hg deposition (sum of wet,
dry and litterfall Hg deposition) to the area 20.6 Mg/yr, suggesting
that the Great Lakes watershed is a net sink for atmospheric Hg
inputs. Predominant contributions to the annual evasion come from
agricultural (~53%) and forest (~29%) lands, and the Great Lakes
(~12%). Both forests in the watershed and the Great Lakes water
bodies contributed substantially to the overall Hg mass evasion
due to their considerable area relative to other cover designations.
Areal evasion rates were similar across most land cover types,
2
ranging from 2.6 to 7.8 μg/m -yr, while higher rates were evident
2
2
for urban (13.4 μg/m -yr) and agricultural (25.4 μg/m -yr) lands.
Existing analytical and modeling methods for estimation of Hg
evasion are discussed. There is considerable uncertainty in these
estimates that could be at least partially remedied through a unified
o
methodological approach to Hg flux estimates in future studies.

TS5-O5
AN ANALYSIS OF LAKE ONTARIO’S MERCURY BUDGET:
IS IT BALANCED?
1

1

DENKENBERGER, Joseph S. , DRISCOLL, Charles T. ,
2
BRANFIREUN, Brian
(1) Syracuse University, jsdenken@syr.edu (2) University of Western
Ontario
A mass balance of mercury (Hg) for Lake Ontario was performed
cooperatively between researchers at Syracuse University and the
University of Toronto, representing a binational effort to develop
a comprehensive understanding of fluvial sources of Hg for Lake
Ontario. Samples were collected from four major rivers and five
wastewater treatment plants from the United States, from five
major rivers from Canada, as well as the Niagara River and the St
Lawrence River. Mass transport of Hg species was determined by
coupling fluvial concentration measurements with discharge data.
Although Hg concentrations in wastewater effluents are significantly
higher than ambient river concentrations, Hg loads from rivers
greatly exceed those from wastewater treatment plants due to the
greater inflow of water. Contrasting relationships between Hg and
particulate matter were evident in rivers draining Lake Ontario
watersheds due to differences in land cover and the position of
impoundments within basins. Due to a strong relationship between
Hg and particulate matter, Hg loads to the Lake are largely eventdriven. Dissolved Hg concentrations are less affected by flow than
particulate Hg concentrations, suggesting that the particulate
Hg results from suspended solids runoff or sediment scour. As
expected, the Niagara River is the dominant fluvial inflow of Hg
to the lake and fluvial inputs greatly exceed losses. We compared
fluvial Hg fluxes with the direct atmospheric exchange of Hg to Lake
Ontario’s surface as estimated in the Lake Ontario Atmospheric
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Deposition Study (LOADS; Lai et al. 2007). This analysis suggests
that atmospheric deposition is the major source of Hg inputs,
while atmospheric emission is the major loss. Fluvial inputs are
approximately half the magnitude of estimates of atmospheric
deposition, and represent about 35% of total inputs. Fluvial
losses are approximately one-fifth the magnitude of estimates of
atmospheric evasion, and represent approximately 15% of total
loss. Surprisingly, estimates of Hg inputs to Lake Ontario balance
outputs.

RG3-O8
METHYLATION POTENTIAL OF MERCURY DERIVED
FROM A COAL ASH SPILL: FINDS FROM THE TVA
KINGSTON DISASTER
1
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VENGOSH, Avner , BARTOV, Gideon , JOHNSON, Tom
(1) Duke University, amrika.deonarine@duke.edu (2) University of
Illinois at Urbana-Champaign
Coal combustion products (CCPs) represent the largest industrial
waste stream in the U.S. Coal ash, in particular, contains elevated
levels of toxic elements such as mercury (Hg), yet much of this
waste is typically stored in unlined holding ponds and landfills
that are not monitored for their discharge to adjacent waters.
Moreover, these holding ponds are susceptible to failures. In this
study we investigated the impacts stemming from the largest coal
ash spill in U.S. history that occurred on December 23, 2008 at
the TVA Kingston Fossil Plant in Harriman, TN. The disaster was
caused by a failure of a holding pond that resulted in the release
3
of 4.1 million m of coal ash into the adjacent Emory River. Here,
we report our findings from an 18-month survey after the disaster
that documented elevated levels of methylmercury (MeHg) in the
river sediments near the spill site. Moreover, we used isotopes of
Hg to differentiate between mercury originating from the coal ash
and mercury originating from historical contamination sources
to this ecosystem. We also observed other water and sediment
parameters (e.g., organic carbon, sulfide, sulfate) that indicated
conditions favorable for mercury methylation by anaerobic bacteria.
Overall, our results suggested that the coal ash was stimulating
biomethylation of Hg in the river sediments (either by providing Hg
or other substrates for sediment bacteria). This study highlights the
need to consider the bioavailability of the mercury to methylating
bacteria and the potential for MeHg production when evaluating the
hazards of CCPs with respect to mercury.

TS2-O7
ECOLOGICAL RISK OF METHYLMERCURY TO FISH AND
COMMON LOONS IN CANADA: PERSPECTIVES AND
SYNTHESIS BASED ON A NATIONAL SCALE DATABASE
1

2

1

DEPEW, David , BURGESS, Neil , CAMPBELL, Linda
(1) Queen’s University, david.depew@queensu.ca (2) Environment
Canada
It is well documented that methylmercury (MeHg) biomagnifies
within aquatic food webs and that the consumption of Hg
contaminated fish can be toxic to both humans and wildlife.
However, it is much less clear whether the current environmental
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levels of MeHg in fish pose a risk to non-human consumers (i.e.
wild fish and piscivorous vertebrates), and how widespread such risk
might be. As part of Environment Canada’s Clean Air Regulatory
Agenda Mercury Program (CARA), with the co-operation of
various government, academic, industry and non-profit partners,
we have compiled a database of over 415,000 records of Hg
measurements from 158 species of fish. These data span nearly
40 years from all 12 provinces and territories in Canada, making
it the largest of its kind in the world. In order to assess potential
risk to piscivorous fish and wildlife, we used a multiple species
modeling approach developed by the USGS (Wente 2004) to
partition variation in fish Hg burden due to space, time, species and
sample type in order to derive estimates of the Hg concentration in
a theoretical prey fish (12 cm Yellow Perch) at all possible sampled
locations. In this presentation, we compare the theoretical prey
fish Hg concentrations to dietary MeHg thresholds developed for
fish and common loons, and examine spatio-temporal patterns
to determine areas in Canada where wild fish and common loons
may be at risk of adverse effects due to MeHg contaminated prey.
Results from this work build on previous efforts to develop large
scale synoptic assessments of environmental MeHg risk, and results
will be discussed in relation to complimentary work relating to
atmospheric Hg deposition and MeHg bioavailability that will be
presented in this special session.

TS16-P8
GEOCHEMICAL CHARACTERIZATION AND ASSESSMENT
OF TREATMENT MECHANISMS FOR MERCURYCONTAMINATED RIVERBANK SEDIMENTS FROM THE
SOUTH RIVER, VA
1

1

DESROCHERS, Krista A.N. , PTACEK, Carol J.
(1) University of Waterloo, k2desroc@uwaterloo.ca
Erosion and redeposition of mercury (Hg) contaminated bank
sediment into the South River, Virginia can provide a source of
Hg, which may convert to methyl-Hg in stagnant, organic-carbon
rich reaches of the river. This study entails characterization of
solid-phase forms of Hg, mechanisms leading to Hg release, and
development of approaches for stabilizing Hg in the South River
sediments. Samples of sediment were collected along two transects
perpendicular to the riverbed at distances of 0.1 and 3.5 river miles
downstream from the Hg release zone. Resuspension experiments
were conducted to assess the potential for Hg release from sediment
due to erosion from the banks through a series of time dependent
and mass dependent modified elutriate tests. Variations of the watersediment ratio resulted in a non-linear response in total Hg release
with increasing mass of sediment, suggesting a possible solidphase solubility control on aqueous Hg concentrations. Column
experiments were conducted to simulate Hg release into slowly
advecting river water through the bank sediments. The column
experiments, which evaluated the effects of varying flow rates to
evaluate the influence of velocity fluctuations on Hg release, showed
elevated concentrations of total Hg in response to increases in flow
velocity and following periods of stagnation. Filter size-fractionation
of water samples collected from the column and resuspension
experiments suggest that approximately 50% of total Hg leached
was present in dissolved and colloidal phases. Sequential extraction
analyses suggest that the majority of the solid-phase sediment Hg
(79-93%) was present in the form of insoluble sulfides . However a
significant portion of sediment Hg was observed to be in the water
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soluble fraction (2-9%), which is consistent with the elevated total
aqueous Hg concentrations observed from the resuspension and
column experiments. The results of the sediment characterization
experiments were used to develop techniques to optimize reductions
in aqueous concentrations of Hg in sediment porewater and river
water. Solid-phase reactive media, including complexing agents,
carbon-based adsorbents, and strong reductants, were co-blended
with the riverbank sediment. Mercury immobilization was evaluated
by batch and column experiments to assess time-dependent and
mass- dependent variability, with aqueous Hg reductions ranging
from 0-99%. The results of the experiments will be used to develop
field-scale approaches to minimize Hg release and potentially lower
biotic uptake of Hg within the South River watershed.

MG14-O14
CARDIOVASCULAR RISK FACTORS ASSOCIATED
WITH MERCURY EXPOSURE IN REMOTE FISH EATING
POPULATIONS.
1

1

1

DEWAILLY, Eric , VALERA, Beatriz , POIRIER, Paul , AYOTTE,
1
Pierre
(1) Laval University, eric.dewailly@crchul.ulaval.ca
More and more data suggest that the cardiovascular system should
be considered a potential target for mercury. For example, work
conducted in the Faeroe Islands in children and in Greenland
suggests associations between mercury exposure and blood pressure
and heart beat variability which are known risk factors for cardiac
health. Other studies conducted in Europe suggest association
between mercury and increase risk of myocardial infarction. We
have studied three large remote fish eating communities in the
Arctic, sub Arctic and South Pacific which are exposed to high doses
of mercury (3 adults and 1 child cohort) Mercury was measured
in blood as well as potential confounding nutritional factors (e.g
selenium, n-3 fatty acids) and Paraoxanase (PON) 1 activity. Heart
Rate Variability (HRV) and blood pressure were also measured
in these 4 cohorts. Mercury concentrations in blood averaged 86,
75, 49 and 81 nmol/L in adults from Nunavik, (Arctic Québec),
South Pacific islanders, James Bay Crees Indians and Inuit newborn
respectively. In most of these studies we found that mercury
exposure was associated with decrease HRV and increase blood
pressure. For example, in Inuit adults, we found that a 10 percent
increase in blood mercury was associated with an increase of 0.2
mm Hg in systolic blood pressure after controlling for other factors.
Concerning biomarkers, our results suggest that Hg exposure exerts
an inhibitory effect on PON1 activity, which seems to be offset by
selenium intake.Since heart diseases represent the most important
causes of death, even a slight negative impact on the cardiovascular
system could be of greater public health relevance than any other
health effects related to mercury exposure.

MG7-P15
THE EFFECTS OF SELENIUM LOADING ON MERCURY
SPECIATION, CYCLING, AND BIOACCUMULATION IN A
DRAINAGE LAKE LOCATED ON THE UPPER PENINSULA
OF MICHIGAN, USA
1

1

1

DEWILD, John , THOMPSON, Charles , DAVID, Krabbenhoft ,
2
2
KNAUER, Doug , GEORGE, Pelkola
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(1) US Geological Survey, jfdewild@usgs.gov (2) Michigan
Department of Natural Resources and Environment
For many years there has been a well recognized inverse relationship
between the abundance of mercury (Hg) and methylmercury
(MeHg) to selenium (Se) in aquatic food webs. Twenty years ago
Swedish scientists demonstrated pronounced declines in fish Hg
concentrations upon dosing with Se and considered it a possible
treatment method for Hg impacted lakes. While the response
of Se loading on Hg bioaccumulation is clear, the mechanistic
reasons remain relatively poorly defined. To further explore
this phenomenon, the U.S. Geological Survey initiated a study
on a Se-enriched lake (Goose Lake) in the Upper Peninsula of
Michigan. Attention was initially drawn to Goose Lake when prey
fish results showed abnormally low Hg levels. This revelation was
especially surprising given the lake’s sediment Hg concentrations
are significantly (~5-10x) above local background levels. This study
is designed to assess how elevated Se levels lead to pronounced
suppression of bioaccumulted Hg in prey fish from Goose Lake.
Field efforts involved the collection of sediment, water column
profiles, and fish. Because Goose Lake sediments are elevated in
both Se and Hg, similar samples were collected at three nearby lakes
to assess the effects of Se on MeHg production and bioaccumulation.
Reference lake 1 (Deer Lake) sediments are elevated in Hg withSe
levels near background. Reference lake 2 (Cedar Lake) sediments
have background levels of both Hg and Se (each about 10x lower
than Goose Lake). Reference lake 3 (South Bay) is a former bay of
Goose Lake now isolated by a train bed, with background levels of
Hg and Se. Results from sediment analysis (top 5 cm) reveal that
similar levels of MeHg are present in Goose and Deer lakes (>5 ng/g,
dry weight); whereas Cedar Lake and South Bay have comparatively
less (<1 ng/g). Methylation assays using stable Hg isotopes reveal
12 hour production rates of less than 0.1 percent for Goose and
Deer Lakes; whereas rates at Cedar Lake and South Bay were 0.1
to 0.3 percent. Results from the water column were more revealing
of Se effects. Aqueous MeHg levels in Goose Lake are 6-12x lower
than Deer and South Bay, but similar to Cedar. However, MeHg/
THg ratios and the fraction of dissolved MeHg at Goose lake is
significantly lower (2% and 22%, respectively) compared to the
other three lakes (9-24% and 45-68%).

RG11-P11
THE EMECO PROJECT: AN INTERNATIONAL PROJECT TO
ASSESS THE ENVIRONMENTAL IMPACT OF MERCURY
IN ECOSYSTEMS OF HIGH ECOLOGICAL VALUE IN SPAIN
AND BRAZIL
1

1

1

DÍEZ, Sergi , BARATA, Carlos , BAYONA, Josep M. , DA SILVA,
2
1
Carolina J. , FERNÁNDEZ-GÓMEZ, Cristal , GUIMARAES, Jean
3
2
4
R.D. , IGNÁCIO, Aurea R.A. , JOVER, Lluís , LÁZARO, Wilkinson
2
4
3
1
L. , LLORENTE, Gustavo , MALM, Olaf , PIÑA, Benjamí ,
1
4
RALDÚA, Demetrio , SANPERA, Carola
(1) Institute of Environmental Assessment and Water Research,
IDAEA-CSIC, sdsqam@cid.csic.es (2) Biodiversity and Ethnobiology
Research Center, CELBE-UNEMAT; (3) Rio de Janeiro Federal
University (UFRJ); (4) University of Barcelona, UB
During a three-year FBBVA project, Spanish and Brazilian
researchers investigated the environmental impact of mercury in
some high ecological value scenarios. The two areas studied are
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the Ebro river basin in Spain, and the Pantanal of Mato Grosso,
in Brazil. In both areas, the source of anthropogenic pollution
is different; while in the Pantanal is due to the Hg used in gold
amalgamation at mining sites, in Spain is because of mercury-cell
chlor-alkali plants.
During the progress of the project, innovative techniques for the
determination of species of Hg (ethyl-Hg and methyl-Hg) have
been established, as well as the development and implementation
of passive samplers employing the diffusive thin-film technique
(DGT) to monitor and measure bioavailable Hg species. Validated
biochemical and gene expression biomarkers to monitor the
oxidative stress of invertebrates and fish, including CYP1A, GST and
MT were also developed. Furthermore, we investigated the natural
pigments (colouring bird’s beak) as novel indicators of exposure to
Hg at trace levels and its correlation with oxidative stress in birds.
The study of Hg levels in claw and blood of freshwater turtles in
Spain, provides a nonlethal monitoring tool for estimating the
environmental impact of mercury in aquatic ecosystems.
The highest total and methyl-Hg concentrations ever reported for
zebra mussels were found in a reservoir in front of a chlor-alkali
plant located at the Ebro river basin. Interestingly, maximal levels of
mercury in carp tissues as well as the highest biological impact did
not occur at the discharge sites, but several kilometres downstream,
evidencing the capacity of Hg contamination transport over long
distances from the emission sites.
In Brazil, the Hg levels in fish are relatively low compared with those
observed in Spain, although Hg concentration in several caimans in
the Pantanal may indicate some evidence of risk. However, analysis
of human hair mercury content in relation to fish and alligator diet
of several riverine communities at the Cuiabá, Bento Gomes and
Paraguay rivers, does not suggest any risk to these populations.
On the other hand, it should be highlighted that results obtained
in methylation studies in the Pantanal suggest that an accurate
characterization of periphyton could be a good indicator of the
production of methyl-Hg in aquatic systems.

TS14-P14
INVESTIGATIONS OF METHYLMERCURY
PHOTODECOMPOSITION IN SEAWATER
1

1

DIMENTO, Brian P. , MASON, Robert P.
(1) University of Connecticut, brian.dimento@uconn.edu
Photochemical degradation is a known sink for methylmercury
(MeHg) in freshwater lakes, but less is known about its importance
in marine waters. The fate and stability of MeHg in oceanic waters
has been studied relatively little, although decomposition rates
have been observed to be slower in seawater than in freshwater.
The reason for the differing relative stability to photodegradation
in fresh and sea water is not completely clear. Many have proposed
that an indirect photochemical mechanism involving reactive
1
oxygen species (ROS), namely singlet oxygen ( O2) and hydroxyl
•
radicals ( OH), is responsible for the degradation of MeHg. In this
work, degradation pathways and rates were investigated by varying
reaction conditions including salinity, dissolved organic carbon
(DOC) levels (50-500 μM), and the presence of different ROS
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scavengers. Experiments were conducted at or near natural MeHg
levels to avoid potential artifacts from elevated concentrations. In
addition, the use of MeHg isotopes allowed for further analysis of
the end products of the degradation reactions. The ultimate goal
of this research was to increase the mechanistic knowledge of the
photodegradation process, including the effects of parameters
such as radiation wavelength (ultraviolet vs. visible light) and
complexation.

FG8-O7
INFLUENCE OF HABITAT HETEROGENEITY AND BODY
SIZE ON METHYL MERCURY ACCUMULATION IN SALT
MARSH NEKTON
1

1

2

DIONNE, Michele , DIJKSTRA, Jennifer , EVANS, David , CHEN,
3
Celia
(1) Wells National Estuarine Research Reserve, michele.dionne@
maine.edu (2) NOAA National Centers for Coastal Ocean Science; (3)
Dartmouth College Department of Biological Sciences
Salt marshes are important areas for coastal fish production, and
can fuel the transfer of Hg to open water marine food webs through
the nekton trophic relay. Mercury methylation and bioaccumulation
of MeHg in food webs can be influenced by both environmental
conditions and food web structure. Gulf of Maine salt marsh
ecosystems exhibit landscape-scale patterns of habitat heterogeneity.
These marshes are an integration of geomorphologically complex
surface water features within a biogenic landscape of sediment
accumulating and peat forming vegetation zones. We present results
regarding habitat-specific concentrations of Hg and MeHg, and
their tissue concentrations in associated nekton (fish and shrimp)
for channels, creeks and pools in a typical Gulf of Maine backbarrier salt marsh. Sediment Hg concentrations show a strong
increasing gradient from channels to pools to creeks. Hg tissue
concentrations were higher for shrimp (Crangon septemspinosa,
Palaeomonetes pugio) in creeks than in pools, but ratios of MeHg
to Hg tissue concentrations were higher in pools than creeks. Hg
tissue concentrations for the highly abundant marsh minnow
Fundulus heteroclitus were higher in pools than creeks. MeHg
concentrations in Fundulus heteroclitus were also higher in pools
than creeks, and declined with increasing body size, consistent with
observed changes in diet from pelagic to benthic prey. Planktivorous
fish feeding in channels (Menidia menidia) showed the highest
tissue concentrations of Hg and MeHg, further indicating that
MeHg bioaccumulation is driven by the pelagic food web. The
ratio of MeHg to Hg tissue concentration in Menidia was similar to
that for shrimp in pools, and much higher than that for shrimp in
creeks, while ratios for Fundulus in creeks and pools were similar
to or higher than that for Menidia. The highest MeHg:Hg ratio
was found for small Fundulus from pools. Variations in tissue
MeHg:Hg ratios may be explained by the influence of habitatspecific variation in sediment organic matter on Hg methylation.
Our findings contribute to an understanding of spatial variation
in trophic transfer of Hg and MeHg in salt marsh food webs. As
we refine our understanding with continued study, our goal is to
develop a spatially explicit model of whole-salt marsh nekton MeHg
bioaccumulation and trophic relay to the greater Gulf of Maine food
web.
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RG15-P13
BIOACCUMULATION OF METHYL MERCURY IN SHARKS
NEAR FLORIDA AND BELIZE: AN INTERNATIONAL
COMPARISON OF MARINE APEX PREDATORS
1

2

DIVOLL, Timothy , GRAHAM, Rachel , HAMMERSCHLAGG,
3
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Neil , HAMMERSCHMIDT, Chad , EVERS, David
(1) BioDiversity Research Institute, tim.divoll@briloon.org (2) Wildlife
Conservation Society; (3) 3RJ Dunlap Marine Conservation Program,
University of Miami; (4) Department of Earth & Environmental
Sciences, Wright State University
Shark populations globally have suffered recent declines due to
overfishing, finning, and habitat degradation. Methylmercury
(MeHg) is a contaminant suspected to affect reproduction of teleosts
and, by extension, potentially elasmobranchs such as sharks. Here,
we present data on mercury (Hg) and MeHg in sharks sampled
near the coasts of Belize, Central America, and Florida, USA. We
sampled muscle from 620 sharks (17 species) that included 171
individuals near Belize and 449 offshore of Florida. In 95% of the
shark muscles sampled, total Hg concentrations exceeded the U.S.
Environmental Protection Agency’s action level of 0.3 μg/g. Eightythree percent exceeded the Florida Department of Environmental
Protection human health advisory of 0.5 μg/g and 63% exceeded
both the World Health Organization (WHO) advisory level and
the Federal Drug Administration (FDA) action level of 1.0 μg/g. A
subset of muscle samples from Florida sharks (n = 41) contained
greater than 95% of total Hg as MeHg. These concentrations of
total Hg and MeHg exceed published effects levels for teleost fishes
known to cause physiological, behavioral and reproductive harm.
This study provides a baseline of total Hg and MeHg in shark
muscle for these two regions of the Caribbean and points to the
need for future research focused on impacts of MeHg and other
contaminants on shark populations and individuals. Sharks have
an important influence on human exposure to MeHg and, as top
predators, in balancing food web dynamics. Sharks may be useful
biomonitors of ecosystem health and human exposure in many
coastal and open-ocean fisheries.

RG1-P6
SPECIATION OF ORGANIC MERCURY IN HAIR OF
INFANTS AFTER THIMEROSAL-CONTAINING VACCINES
1

2
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DÓREA, José , BEZERRA, Vera Lucia V.A. , FAJON, Vesna ,
3
HORVAT, Milena
(1) Universidade de Brasilia, dorea@rudah.com.br (2) Universidade
de Brasília; (3) Jožef Stefan Institute
Depending on the stage of development of the CNS and the
severity of insults a wide range of mental damage can result as
a result of mercury exposure. The most controversial aspect of
early post-natal exposure to organic mercury is as ethylmercury
(EtHg) in Thimerosal-containing vaccines (TCV) still used in
many countries. Thus nursing infants can be exposed to both fish
derived methylmercury (MeHg) in maternal diets and to EtHg
from TCV. The hair of infants (<12months) that had been exposed
to TCV (Hepatitis B and DTaP) was analysed. A method coupling
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isothermal gas chromatography with cold-vapor atomic fluorescence
spectrometry was used for MeHg which can also speciate EtHg
in biological matrices. In 20 samples of infants’ hair, all but two
-1
samples showed variable amounts of MeHg (10.3 to 668 ng g ),
-1
while precise and reliable concentrations of EtHg (3.7 to 65.0 ng g )
were found in 15 of the 20 samples. A statistically significant inverse
association (r= -05572; p=0.0384) was found between hair-EtHg
concentrations and the time elapsed after the last TCV vaccination.
The analytical method proved sensitive enough to quantify EtHg
in babies’ hair after acute exposure to thimerosal in vaccine shots.
Provided that the mass of hair was above 10 mg, both forms of
organic Hg can be monitored in hair from breastfed infants: chronic
exposure to MeHg from human milk and acute EtHg exposure as a
result of inoculation with TCV. Thus, babies’ first hair can be used
for clinical and forensic studies.

RG9-P8
LEVELS AND DISTRIBUTION OF MERCURY ACROSS
SEVERAL BRAIN REGIONS AND TISSUES OF RIVER
OTTERS (LONTRA CANADENSIS)
1

2

1

DORNBOS, Peter , STROM, Sean , BASU, Niladri
(1) University of Michigan School of Public Health, pdornbos@umich.
edu (2) Wisconsin Department of Natural Resources
River otters (Lontra canadensis), along with other fish-eating
wildlife, have been found to bioaccumulate high levels of the
neurotoxicant mercury (Hg). While the deposition of Hg within the
body and whole brain has been documented in several organisms,
few have characterized distribution in specific brain regions. Such
information may be important in resolving mechanisms underlying
Hg neurotoxicity. Here, river otter carcasses (N=9) were collected
from trappers within the state of Wisconsin and dissected into
9 brain regions including frontal cortex (Fx), temporal cortex
(Tx), parietal cortex (Px), occipital cortex (Ox), cerebellum (Cb),
thalamus (Th), basal ganglia (Bg), brain stem (Bs), and the pituitary
gland (Pit). Total Hg was measured with a Direct Mercury Analyzer
(DMA) in each brain region, as well as fur, liver, and muscle. Hg
concentrations across brain regions spanned a wide range. Highest
concentrations were measured in the Fx (1.3±2.0 ppm) and lowest
within the Bs (0.6±0.5 ppm), and rank order of other regions
(highest-lowest) was Tx (1.2±1.9), Px (1.0±1.4), Ox (1.0±1.3), Bg
(1.0±1.4), Cb (0.9±1.3), and Th (0.7±0.6). There were no statistically
significant differences in Hg across brain regions, but additional
samples will be analyzed to increase the statistical power of this
study. Mercury levels in fur (6.7±4.6 ppm) and liver (5.7±9.4 ppm)
were significantly greater than muscle (1.7±2.0 ppm) and most brain
regions. Mercury levels across several brain regions (e.g., Fx, Tx,
Th, Px, Bg, Ox) significantly correlated (p≤0.002, R ≥0.92) though
regions, such as the Cb and Bs, had no significant correlations.
In general, Hg levels in brain regions significantly correlated with
other tissues (fur, liver, muscle), but Th and Bs did not. These
results provide important insight into target sites of Hg in the brain,
which may lead to increased understanding of possible ecological
implications associated with Hg neurotoxicity in river otters and
other mammalian wildlife.
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RG15-O16
LANDSCAPE-LEVEL PATTERNS OF MERCURY
CONTAMINATION OF FISH IN NORTH TEXAS, USA
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Stephen P. , MCGUIRE, Mandy , DRENNER, S. Matthew
(1) Texas Christian University, r.drenner@tcu.edu (2) Lake Hart
Research
Mercury (Hg) is a toxic metal that is found in aquatic food webs
and is hazardous to humans. An emerging conceptual model
predicts that the areas of the landscape that have the potential to
contain food webs with elevated concentrations of Hg are those that
receive high amounts of Hg and sulfate deposition and have high
coverage of forests and wetlands and low coverage of agriculture.
The objective of our study was to test this conceptual model using
concentrations of Hg in largemouth bass (Micropterus salmoides)
from 145 reservoirs in four ecoregions of North Texas. The highest
level of Hg contamination in fish was in the South Central Plains,
the ecoregion that receives the highest levels of Hg and sulfate
deposition and contains extensive forest and wetland habitat and
little agriculture. This study has important implications for other
areas of the US because the South Central Plains extends into parts
of Oklahoma, Louisiana and Arkansas, covering a total area of
2
152,132 km of the southern US.

TS5-O2
SPATIAL AND TEMPORAL PATTERNS OF MERCURY
ACCUMULATION IN SEDIMENT RECORDS FROM ACROSS
THE GREAT LAKES REGION
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ROSSMANN, Ronald , SWAIN, Edward B
(1) Université du Québec, paul.drevnick@ete.inrs.ca (2) Science
Museum of Minnesota; (3) Syracuse University; (4) Metropolitan
Council Environmental Services; (5) Vermont Department of
Environmental Conservation; (6) Michigan State University; (7)
Environment Canada; (8) University of Wisconsin-La Crosse; (9) U.S.
Environmental Protection Agency; (10) Minnesota Pollution Control
Agency
Data from 103 sediment cores from the Great Lakes and inland
lakes of the Great Lakes airshed were compiled to examine patterns
of historical and recent changes in mercury (Hg) loading from
wastewater and atmospheric deposition. Sediment stratigraphy
from the lower Laurentian Great Lakes shows that Hg loading
peaked about 1950, followed by marked declines associated with
decreased industrial use of Hg and enhanced effluent control. In
contrast, Lake Superior exhibits a subdued pattern of increasing
sediment Hg deposition over a longer period followed by a recent
decrease that is suggestive of a largely atmospheric source—a
pattern that is consistent with sediment cores from many inland
lakes across the Great Lakes airshed. We observed some spatial
differences in pre-industrial, peak and modern sediment-Hg flux in
the inland lakes, with greater fluxes in eastern lakes compared with
those in the central or western portion of the region. In contrast,
Hg flux ratios (peak to pre-industrial, modern to pre-industrial and
modern to peak) and year of peak Hg flux are remarkably similar
across the region, suggesting that elevated sediment Hg deposition
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in eastern lakes may be due to greater precipitation or greater
watershed-area to lake-area ratios in that sub-region. Our analysis
suggests that proximity to local/regional urban emission sources,
watershed area to lake surface area, and pre-industrial (<1850) Hg
flux, explain much of the variation in sediment Hg accumulation in
inland lakes across the Great Lakes airshed. A consistent regionwide decrease (~20%) of sediment Hg flux since the late 1980s
suggests that controls on local and regional Hg emissions have been
effective in decreasing the supply of Hg to Lake Superior and inland
lakes across the region.

RS13-P1
MODELING OF MERCURY TRANSPORT AND FATE
1

1
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DUNCAN, Derek , KEENAN, Helen. E , WG37, GESAMP
(1) University of Strathclyde, derek.duncan@strath.ac.uk (2) GESAMP
A wide range of predictive models have been developed to better
understand the fate and transport of mercury throughout the
environment. This work collates some of the most accepted forms
that are openly available for research purposes. Many of these
have been developed and updated through progressive adaptation.
While predictive models often analyse the intrinsic chemical and
physical properties of mercury species in individual environmental
compartments and matrices, such as those documented for
atmosphere, water, land and biota, others have been developed for
multimedia application.
The study of environmental mercury is highly complex and
requires different approaches and technologies to further enhance
understanding of processes and pathways. Models therefore play an
essential role in comprehending mercury behaviour and cycling,
uptake, bioaccumulation and biomagnification. Effective modelling
enhances human and ecosystem risk assessments by anticipating
transformations and exposures to the various forms of mercury
that can influence such parameters as bioavailability and toxicity.
However, since there are always margins of uncertainty inherently
associated with estimated data, model outputs should be interpreted
as representative rather than empirical.
A compilation of models will be presented.

TG7-P7
THE REDUCTION OF DIVALENT MERCURY TO
ELEMENTAL MERCURY BY BENTHIC ORGANISMS IN
WETLANDS SEDIMENT
1

1

DUONG, Van Hieu , HAN, Seunghee
(1) Gwangju Institute of Science and Technology, hieu@gist.ac.kr
Microorganisms may play a major role in the production of
elemental mercury in wetland sediments. In the current study, the
reduction of divalent mercury to elemental mercury was followed
using slurries enriched with iron-reducing bacteria (FeRB) or
sulfate-reducing bacteria (SRB). Slurries enriched with FeRB
showed a dramatic increase in Hg(0)/THg, from 7% to 37%, in
the solid phase during 20 days of culture, while SRB enrichment
showed %Hg(0)/THg variation from 14% to 28%. We also cultured
microbenthic algal communities to test their ability to reduce
divalent mercury to elemental mercury. Microbenthic algae
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clearly contributed to the production of Hg(0) in oxic sediments.
The overall results suggest that anoxic bacteria and microbenthic
algae both play important roles in the reduction of Hg in wetland
sediments.

RS1-P10
THE PHYSICAL AND CHEMICAL CONTROLS ON THE
BEHAVIOUR OF CRYOSPHERIC MERCURY
1

FS10-O3
INVESTIGATION OF THE PRESENCE OF THE MERA
GENE IN HG RESISTANT GRAM-NEGATIVE BACTERIA
ISOLATED FROM BRAZILIAN AQUATIC SYSTEMS
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(1) IOC, Oswaldo Cruz Foundation, duque@ioc.fiocruz.br (2)
Department of Sanitation and Environmental Health - ENSP,
Oswaldo Cruz Foundation; (3) Biology Department - ENSP, Oswaldo
Cruz Foundation
As a global pollutant, which has both natural and anthropogenic
sources, mercury (Hg) is present in the biosphere. Thus, bacterial
communities developed resistance mechanisms against its toxic
effects overtime. The most reported mechanism is a redox reaction
catalyzed by the mercury reductase encoded by the merA gene. The
objective of this study was to investigate the presence of the merA
gene in mercury resistant Gram-negative bacteria isolated from
aquatic systems of different Brazilian regions. Water samples were
collected, using syringes coupled to filtration devices containing
0.22 μm membranes, either in polluted or pristine environments,
from coastal to inland aquatic ecosystems. Isolation of mercury
resistant bacteria was performed using enrichment method and
directly plating on medium containing Hg (5 μM). The isolated
strains were identified using BD BBL Crystal kits. Hg Minimum
Inhibition Concentration (MIC) was determined using increasing
Hg concentrations (from 10 to 45 M) added to the growth medium.
Bacterial strains (n = 119) that grew overnight in Nutrient Agar
plates containing at least 20 μM of Hg, were considered Hg resistant.
Total genomic DNA was extracted for PCR reactions. Primers A1 (5
ACC ATC GGC GGC ACC TGC GT3 ) and A5 (5 ACC ATC GTC
AGG TAG GGG ACC AA3 ) were used to amplify the conserved
merA 1239bp fragment. The genetic variability of sequence was
investigated by restriction fragment length polymorphism (RFLP)
analysis. AluI, EcoRI and DdeI restriction enzymes were employed
to digest 7 PCR products from different sampling regions. Results
from PCR reactions detected the fragment in 33 samples (27.8%)
and revealed genetic polymorphism in 73 samples (61.3%), generating electrophoretic profiles with fragments ranging from 500bp
to 2500bp. PCR-RFLP assays yielded 3 restriction profiles for all
enzymes tested. Our results from amplification and restriction
assays revealed a high genetic diversity within merA sequence in
Gram-negative bacteria from Brazilian aquatic systems. The results
will be confirmed by DNA sequencing and comparison with known
deposited merA sequences.
TM
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HOLE, Lars R. , PFAFFHUBER, Katrine A , HUNG, Hayley
(1) Independent researcher, dorothy.durnford@ec.gc.ca (2)
Environment Canada; (3) Norwegian University of Science and
Technology; (4) Norwegian Meteorological Institute; (5) Norwegian
Institute for Air Research
Mercury deposited onto snow- and ice-covered surfaces is only
partially revolatilised. In order to understand the fate of cryospheric
mercury, we reviewed the physical and chemical processes that
govern its behaviour. These processes are applicable at all locations.
Regional variations in the behaviour of cryospheric mercury are
caused by differing environmental conditions. This discussion is
based on an examination of field observations, laboratory data,
modelling results, and theoretical considerations.
We further performed a statistical analysis of 5 types of cryospheric
mercury field observations and 20 model environmental variables.
This analysis reveals that the presence of cryospheric halogen
species has a significant impact on the fate of cryospheric mercury.
Physically, we find that the fractional loss of mercury from surface
snow within a 24-hour period is governed by mercury deposition
through both dry and wet processes, as well as surface-level
atmospheric wind speed and stability. In contrast, the concentration
of mercury in long-term cryospheric records is affected by
latitude, ventilation and the burial of mercury by fresh snowfalls.
Considering all five types of cryospheric mercury observations
analysed, the dry and wet depositions of oxidized mercury were
found to have the strongest impact on cryospheric mercury
observations. The burial of mercury by fresh snowfalls and the wind
driven ventilation of snowpacks are also important processes.

MG4A-O6
MODELLING THE BEHAVIOUR OF CRYOSPHERIC
MERCURY
1

2

1

DURNFORD, Dorothy A , DASTOOR, Ashu P , RYJKOV, Andrei ,
2
FIGUERAS-NIETO, Daniel
(1) Independent researcher, dorothy.durnford@ec.gc.ca (2)
Environment Canada
The fate of mercury deposited onto snow- and ice-covered surfaces
is of critical importance for atmospheric mercury models. At
high-latitudes, springtime Atmospheric Mercury Depletion Events
(AMDEs) are accompanied by important deposition of oxidized
mercury to the cryosphere. A significant portion of the deposited
mercury may revolatilise from the cryosphere rapidly. However,
a combination of physical and chemical environmental factors
may trap a substantial portion of the deposited mercury within
the cryosphere for an extended period of time. During snowmelt,
the cryospheric mercury may enter the snowpack’s meltwater. The
subsequent emission of mercury from the snowpack’s meltwater
can be an important source of atmospheric mercury. Indeed, it
is possible that the high-latitude summertime increase in the
concentration of surface-level atmospheric gaseous elemental
mercury is caused by significant emission of mercury from
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cryospheric meltwater. To simulate these various processes, a new
atmosphere/cryosphere parameterisation has been developed
for atmospheric mercury models. This parameterisation predicts
the concentrations of elemental and oxidised mercury in the
snowpack surface layer, the underlying snowpack, and the snowpack
meltwater. Emission of elemental mercury from the snowpack and
its meltwater to the atmosphere is represented.
In this presentation, we will describe the developed snowpack/
meltwater mercury model. This parameterisation has been
incorporated into Environment Canada’s atmospheric mercury
model, the Global/Regional Atmospheric Heavy Metals model
(GRAHM). We will discuss the performance of the updated
GRAHM. We find that the addition of the snowpack/meltwater
model significantly improves the seasonality of GRAHM’s
simulated surface-level atmospheric gaseous elemental mercury
concentrations.

conceptual pathway and exposure diagrams were developed that
highlight the abiotic and biotic processes involved in the supply,
methylation, and bioaccumulation of mercury in contaminated
reaches of the South River. More specifically, the diagrams identify
and quantify (1) the sources of and abiotic pathways by which
inorganic mercury moves through the aquatic system to sites of
methylation; (2) the methylmercury production compartments that
supply biota at the base of the food web; and (3) the biotic pathways
by which methylmercury bioaccumulates up the food web to
smallmouth bass.

MS11-O6
FACTORS CONTROLLING MERCURY BIOACCUMULATION
IN PISCIVOROUS WATERBIRDS: THE IMPORTANCE OF
FORAGING HABITAT AND TIMING OF EXPOSURE
1

1

EAGLES-SMITH, Collin , ACKERMAN, Josh
(1) US Geological Survey, ceagles-smith@usgs.gov

TS16-P9
QUANTIFYING A CONCEPTUAL PATHWAY
AND EXPOSURE MODEL FOR MERCURY AND
METHYLMERCURY ON THE SOUTH RIVER,
WAYNESBORO, VIRGINIA, USA
1

1

2

DYER, James A. , LANDIS, Richard C. , GROSSO, Nancy R. ,
3
3
4
MURPHY, Gregory , FLANDERS, J. R. , HARRIS, Reed
(1) DuPont Engineering Research and Technology, james.a.dyer@
usa.dupont.com (2) DuPont Corporate Remediation Group; (3) URS
Corporation; (4) Reed Harris Environmental Ltd.
Historic point-source releases of anthropogenic mercury to the
South River, Waynesboro, Virginia, USA, a high-gradient fluvial
ecosystem, present unique challenges to scientists and engineers
tasked with identifying, developing, and implementing remedial
options for reducing mercury concentrations to safe levels in both
aquatic and terrestrial biota. Inorganic mercury releases from a
former rayon acetate fiber manufacturing facility more than 60 years
ago have made their way from surface water into sediments, bank
and floodplain soils, and aquatic and terrestrial biota inhabiting the
fluvial ecosystem. As a result, methylmercury concentrations in fish
tissue along a 25-mile river reach downstream of the manufacturing
facility have not declined as expected, even though ongoing point
sources have largely been eliminated. The working hypothesis for
the absence of a decline in fish-tissue mercury is that mercurycontaminated soil particles from eroding river banks and floodplain
soil are an ongoing long-term source of bioavailable mercury to the
aquatic ecosystem. A second, but related, working hypothesis for
the absence of a decline is that mercury-rich, fine-grained sediment
particles, which accumulate in near-bank areas and in sand/gravel/
cobble beds within the river channel, continue to supply pore water
with dissolved and colloidal inorganic mercury that diffuses to sites
of methylation.

Waterbirds are at particularly high risk to mercury (Hg) toxicity
because they forage in wetland habitats where methylmercury
production can be elevated, they often occupy a high trophic
position in their respective food chains, and they are especially
sensitive to the neurological impairment caused by mercury.
However, we still lack thorough insight regarding the relative
importance of various factors regulating bioaccumulation in
waterbird communities. Thus, understanding the processes
contributing to elevated mercury exposure in waterbirds is
important for identifying populations at risk, as well as for
developing management strategies to reduce exposure. In a multiyear effort, we evaluated mercury bioaccumulation among different
trophic guilds of breeding, estuarine waterbirds, and assessed the
habitat, trophic, and temporal factors associated with mercury
exposure during the breeding season. Although there was a general
trend of increasing mercury concentrations with trophic position,
we found that foraging habitat was a far more important driver of
avian mercury bioaccumulation than trophic position. Through a
combination of radio telemetry, stable isotopes, and diet analyses,
we found that birds foraging in muted-tidal, pickleweed marshes,
and seasonal salt ponds had higher mercury exposure than those
foraging in other habitats, such as tidal mudflats, sloughs, and open
bays. Mercury concentrations in prey fish varied similarly among
habitats, with those from seasonally-flooded and high salinity
evaporation ponds generally having the highest concentrations.
Importantly, mercury concentrations in prey fish varied
substantially over time in these habitats. Prey fish concentrations
increased by 40% from March - June, then declined by 40%
between June and August. As a result, Hg exposure in Forster’s
terns (Sterna forsterii) was greatest when 74% of nesting birds were
developing eggs and initiating their nests. This work suggests that
the magnitude and timing of exposure to mercury may present
substantial risk to waterbird reproduction, and highlights the need
for additional research on Hg effects in the wild.

A challenge for fluvial systems like the South River is how to
effectively deploy remedial technologies in a high-energy, sinuous,
bedrock, and gravel-bed river. As an essential first step in this effort,
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MG6-O7
THE EFFECT OF A REDUCTION IN ATMOSPHERIC
MERCURY CONCENTRATIONS ON SURFACE-AIR
EXCHANGE FOLLOWING THE CLOSURE OF A
PROXIMATE BASE METAL SMELTER (FLIN FLON, MB,
CANADA)
1

ECKLEY, Chris
(1) Environment Canada, chris.eckley@ec.gc.ca
Mercury (Hg) has been emitted from a base metal smelter in the
town of Flin Flon, MB, Canada from the 1930s up until June, 2010
when the smelter was closed. During the last decade, the smelter
had emitted on average 1093±261 Kg/year, resulting in elevated Hg
concentrations in the surrounding soils (2.8 ± 1.5 to 560 ± 72 μg/g)
(NPRI database; Manitoba Conservation, 2007). The main objective
of this project was to measure Hg fluxes from natural surfaces
surrounding the smelter (as well as un-impacted reference locations)
before and after the smelter’s closure to identify the relationship
between air Hg concentrations, deposition and re-emission. Hg
fluxes were measured using the dynamic flux chamber (DFC)
technique from several locations during two intensive field sampling
campaigns both before and three months after the smelter closure.
In addition, controlled laboratory experiments were conducted
using soils from the Flin Flon area to identify the pool of surface
associated Hg that is available for emission. The results of the field
measurements showed that while the smelter was in operation, the
ambient air concentrations measured at the DFC inlet were large
3
and variable (30 ± 19 ng/m ) relative to concentrations at the un3
impacted reference (1.6 ± 0.3m ng/m ). Following smelter closure,
the air concentrations near the smelter dropped significantly to
3
7.5 ± 3.3 ng/m (though were still elevated above background
concentrations). The Hg fluxes measured from the reference site
followed a clear diel trend—with higher emissions during the
2
2
daytime (3.5 ng/m /h) than at night (-0.3 ng/m /h). While the
smelter was in operation, the Hg fluxes near the smelter were much
larger than at the reference site and did not follow a diel trend (-28
2
to 460 ng/m /h)—fluxes varied between net emission and deposition
related to prevailing wind direction from the smelter/air Hg
concentrations. However, following the smelter closure, a clear diel
trend in the Hg fluxes was observed from impacted areas near the
2
smelter (59 to 338 ng/m /h), which were all net emission and had
maximum daily fluxes that were of similar magnitude as observed
during the smelter operation. Overall, these results identify how
surface Hg fluxes change with distance from the smelter as well as
how fluxes change over time following the cessation of emissions
from a large point source emitter.

RS3-P10
LEVELS AND TRENDS OF ATMOSPHERIC HG (TGM AND
SPECIATION) ACROSS CANADA
1

ECKLEY, Chris
(1) Environment Canada, chris.eckley@ec.gc.ca
Levels of mercury in the Canadian atmosphere have been measured
throughout the county as part of the Clean Air Regulatory Agenda
(CARA) as well as through existing monitoring networks. The
objective of this project is to compile these datasets to provide
a holistic national perspective on spatial trends in atmospheric
Hg concentrations as well as to highlight temporal trends at the
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locations where long-term monitoring has occurred. Throughout
Canada, total gaseous mercury (TGM) measurements have been
conducted at 17 locations and speciated mercury concentrations
(gaseous elemental mercury-GEM, particulate bound mercuryPBM, and reactive gaseous mercury-RGM) at 6 locations.
Measurement sites include urban, rural, and remote regions as
well as areas impacted by specific localized industrial emissions.
Atmospheric Hg measurements began in 1996 at a few locations
and the monitoring network has expanded over the years to include
additional sites. Recent publications have presented data on several
aspects of atmospheric Hg trends within Canada (e.g. Temme et
al., 2007) and the work presented here expands on these efforts
to include contemporary data (through December, 2010) and/
or includes additional spatial locations not included in previous
assessments. To accurately identify spatial trends, all TGM and
speciation datasets were quality controlled using the same system
(Research Data Management and Quality Control System-RDMQ).
The data measured at the monitoring locations across the country
were compared with levels predicted by Environment Canada’s
Global/Regional Atmospheric Heavy Metals (GRAHM) model.
The results from this project summarize previous and current
atmospheric mercury monitoring activities throughout Canada such
that spatial and temporal trends can be identified at the national
level.

TS2-P5
SPATIAL AND INTER-ANNUAL VARIABILITY OF FISH
MERCURY CONCENTRATIONS IN LAKES ACROSS
CANADA—IDENTIFICATION OF INFLUENTIAL
PARAMETERS
1

ECKLEY, Chris
(1) Environment Canada, chris.eckely@ec.gc.ca
Previous studies have shown that the Hg concentrations in fish from
different lakes can be related to atmospheric Hg inputs, watershed
variables (e.g. wetland area) and in-lake variables (e.g. water
chemistry and trophic dynamics). The Freshwater Inventory and
Surveillance of Mercury (FISHg) is a project under Environment
Canada’s Clean Air Regulatory Agenda (CARA) Mercury Science
Program. The FISHg network has been sampling fish and water
Hg concentrations in over 20 lakes across Canada during the last
3 years. The different lakes comprise a wide range of atmospheric
Hg inputs (several lakes were located in proximity to point-sources
of Hg emissions; while others were in remote regions), watershed
characteristics, and fish species. The objective of this presentation
is to try to identify which variables are likely having a dominant
influence on the spatial variability of fish Hg concentrations between
lakes across Canada. In addition, short-term inter-annual variability
of fish and water Hg concentrations was assessed to identify the
relative importance of spatial and temporal variability of fish Hg
concentrations. Initial results have shown a large range of Hg
concentrations in the predatory fish (0.05 to 3.65 ug/g) and forage
fish (0.01 to 1.22 ug/g) as well as water total-Hg concentrations
between lakes (0.2 to 7.8 ng/L). Within a given lake, there was a
wide range in Hg concentrations between different fish species
related to differences in foraging behaviour (i.e. benthic versus
pelagic) and trophic position (identified through stable isotope
analysis). Within-lake differences in fish Hg concentrations for a
given species were related to fish length. GIS analysis of watershed
variables and atmospheric Hg inputs is ongoing and will help
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identify the relative importance of within-lake variables and
external-lake variables on the concentrations of Hg in fish at a
national level.

TG5-P8
MERCURY REMOVAL FROM POWER PLANT EFFLUENTS
1

1

2

ECONOMY, James , YAO, Yaxuan , VELPARI, Vedagiri
(1) University of Illinois, jeconomy@uiuc.edu (2) PPG

Mercury is considered one of the most harmful elements to human
beings due to its health impacts, persistence, bioaccumulation
and volatility. Every year, around 85 tons of mercury is generated
from burning of coals in USA. Of which, only 40% is captured, and
60% is emitted into the atmosphere. The present study involved
preparation of chemically treated activated carbon fibers (ACFs)
for mercury removal from power plant effluents. The incorporation
of surface functional groups on ACFs, such as bromine, chlorine
and sulfur species, can strongly enhance mercury adsorption
performance. Thus, with one of the brominated ACFs, mercury
uptake capacity was approximately 103 mg/g C, which was around
15 times compared to the original ACF. Another effective system
was based on a 6~7 wt% sulfur treated ACF with a mercury uptake
of 11~15 mg/g C. Besides specific chemistry, pore properties also
play an important role on mercury adsorption. Generally, samples
with 35 to 45 Å in size with an equal volume of micropores and
mesopores appear to show good mercury adsorption performance.
The micropores appear to be the active sites for mercury adsorption
while the mesopores acted as transport routes.
In a typical situation, activated carbon powder (ACP) is injected into
the power plant effluents, adsorbs mercury, and then is captured
along with fly ash using a FF (Fabric Filter) or an ESP (Electrostatic
Precipitator). Although ACP provides superior contact efficiency,
a problem arises in collecting and handling. Compared with ACP,
ACF shows greatly improved contact efficiency and the potential
for continuous use. Additionally, such fibers can be cost competitive
to ACP and exhibit excellent wear resistance. By coating the glass
fabric with the preferred coating discussed previously, FF will show
a combined function of fly ash removal of the glass fabric along with
mercury removal by the carbonaceous material.
In this presentation, preparation and evaluation of the above
indicated Hg adsorbents is discussed.

RS1-O3
OPERATION OF DUAL MERCURY SPECIATION
ANALYZERS AT A SITE IN THE SOUTHEASTERN U.S.
1

2

EDGERTON, Eric , JANSEN, John
(1) ARA, Inc., eedgerton@atmospheric-research.com (2) Southern
Company
The Southeastern Aerosol Research and Characterization
(SEARCH) network operates Tekran Hg speciation analyzers at 3
sites in the southeastern U.S.: Yorkville, GA; Birmingham, AL and
near Pensacola, FL. Each site routinely measures elemental Hg
0
(Hg ), fine particulate Hg (HgPM2.5) and reactive gaseous mercury
(RGM) every other hour. In addition to the routine analyzer, the
FL site has a second Hg analyzer that has been used, over time,
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to: 1) assess analyzer precision; 2) obtain continuous hourly
measurements; 3) estimate coarse particulate Hg concentrations;
and 4) evaluate interferences with speciation measurements
due to ozone and other trace gases. The experimental design
for items 1 and 2 simply involves synchronous or asynchronous
operation of collocated analyzers for set periods of time (typically
3-5 weeks per calendar quarter). For item 3, analyzers were first
run in synchronous mode with identical PM2.5 particle inlets to
fine tune response. The collocated analyzer was then modified
to accommodate a PM10 inlet and both analyzers were operated
in synchronous mode. Coarse particulate Hg was then inferred
based on the difference between analyzers, as follows: HgPMcoarse
= (RGMc + HgPM10) – (RGMp +HgPM2.5), where subscripts c and p
refer to collocated and primary, respectively. Data were collected
for 3-4 weeks during each of four successive calendar quarters. For
interference testing (item 4), the two Hg analyzers were operated
synchronously and the inlet to the collocated analyzer was modified
with a side tap to permit addition of a relatively small (50 sccm)
drip of potentially interfering gases into the sample stream. The
gases used were O3, SO2, NO and NO2, singly and in combination.
Concentrations of each gas were such as to raise the total
concentration in the sample stream by 25 parts per billion (ppb)
to roughly 200 ppb. This method of addition approach allowed us
to control interferent concentration without significantly changing
the characteristics of the sample air. Ambient concentrations of
O3, SO2, NO, NO2 and NOy were also measured continuously to
provide estimates of total sample concentration (i.e., ambient plus
drip). Interferent gas was added continuously to the collocated
inlet and differences between analyzers (above and beyond
analytical uncertainty) were used to infer interference effects. This
presentation will present results from experimental configurations
1-4, assess implications of coarse particulate Hg and interferents and
provide recommendations for further investigations.

TS6-O8
MERCURY AS A POTENTIAL THREAT TO WETLAND
BREEDING RUSTY BLACKBIRDS IN THE NORTHEAST
1

2

1

EDMONDS, Samuel , O’DRISCOLL, Nelson , EVERS, David ,
2
HILLIER, Kirk
(1) BioDiversity Research Institute, sam.edmonds@briloon.org (2)
Acadia University
Mercury burdens to the Rusty Blackbird were examined across the
range of this rapidly disappearing species to identify the regions
and seasons with the highest exposure and to determine if the
contaminant represents a realistic threat to the species. The far
eastern breeding region including the Canadian Maritimes and
northern New England States had the greatest exposure to the
-1
-1
species (geometric mean 0.94 μg g Hg in blood, 8.26 μg g Hg in
feathers), over an order of magnitude greater than the winter regions
sampled in the southern U.S. and > 3× that of the other breeding
region sampled, Alaska. The greatest blood-Hg concentration
-1
(3.4 μg g ) was for a male breeding in the Kejimkujik/Tobeatic
region of southern Nova Scotia—an area that has previously been
identified as having high Hg exposure to wildlife. Overall, a large
proportion of the breeding population in the Northeast exceeds
estimated adverse effects levels based on both blood and feather Hg
concentrations, supporting the case for Hg as a contributing factor
to the ongoing population decline. Invertebrates and water samples
from Northeastern wetlands with breeding adults were collected for
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analysis of MeHg and THg, along with six additional water column
parameters, to identify those water characteristics that promote
MeHg production and bioavailability at these sites. DOC (mean part
correlate = –0.20), pH (–0.20), and DO2 (–0.38) were frequently
related to bird and invertebrate MeHg concentrations, suggesting
they most influenced bioavailability of MeHg at these sites. Redox
potential (part correlate = 0.76) and DO2 (–0.80) were strongly
correlated with MeHg production (based on water %MeHg). Of
four assumed prey invertebrate taxa, MeHg concentrations of three
were significantly related to bird blood-Hg concentrations (Araneae,
2
2
2
r = 0.49; Ephemeroptera, r = 0.84; Trichoptera, r = 0.34), with
Odonata or two assumed non-prey taxa not significantly correlated
(Corixidae and Gerridae). A combination of a habitat having a high
bioavailability and the species’ high trophic position likely explains
the observed elevated Hg concentrations in the Northeast.

RG3-O1
GASEOUS MERCURY AIR-SURFACE EXCHANGE
MEASUREMENTS FROM NATURAL SOURCES IN
AUSTRALIAN LANDSCAPES
1

1

2

EDWARDS, Grant , SALLI, Lyndall K , NELSON, Peter F
(1) Macquarie University, grant.edwards@mq.edu.au

There are essentially no data on the emission and deposition
of atmospheric mercury from natural sources over Australian
environs. Moreover, there is an overall lack of data on natural
sources and sinks for atmospheric mercury in the Southern
Hemisphere. A not well constrained, estimate, based on data from
non-Australian environments and modelling, suggest natural
emissions to be 93% of the total mercury emission from the
Australian Continent. Furthermore, with only 7% anthropogenic
emissions, Australia presents a unique opportunity to study the
natural emission/deposition/re-emission/biogeochemical cycling
of mercury. A measurement program has been initiated to collect
Australian specific data to better constrain the natural sources
inventory. Micrometeorological and dynamic flux chamber based
Total Gaseous Mercury (TGM) air-surface exchange, ambient
Reactive Gaseous Mercury (RGM), and in all compartments,
(i.e., soil, vegetation, aquatic, atmosphere), an extensive suite of
environmental correlates (e.g., substrate properties, temperature,
humidity, solar radiation, energy balance components, precipitation,
other trace gases), are being measured over various Australian
landscapes. This paper presents some of the first total gaseous
mercury flux measurements from natural geogenic sources in
Australia. Comparisons are made to gaseous mercury emissions
from natural sources in Canadian landscapes.

TS8-P4
FORESTRY IMPACTS ON THG AND MEHG
CONCENTRATIONS FROM A SYNOPTIC SETUP OF
SAMPLE SITES ACROSS SWEDEN
1

1

2

1

EKLÖF, Karin , KRAUS, Andrea , MEILI, Marcus , BISHOP, Kevin
(1) Department of Aquatic Sciences and Assessment, karin.eklof@slu.
se (2) Stockholm University

Forestry operations have been reported to increase the levels of both
total mercury (THg) and methylmercury (MeHg) in runoff water
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and downstream biota. However, the sensitivity to forestry among
sites seems to vary; while some studies have resulted in dramatic
effects on THg and MeHg concentrations, other studies resulted
in no or only moderate effects. A synoptic approach, covering a
wide range of field sites in a spatial scale subjected to different
forestry operations, could potentially contribute to understanding
what determines this variation in sensitivity towards forestry. In
this study we will investigate the individual influence of stump
harvest and site preparation for replanting on the concentrations
of total mercury (THg) and methylmercury (MeHg). We also
evaluated the influence of treated areas (subjected to either stump
harvest or site preparation) compared to untreated reference areas.
Stump harvest is a forestry method used to increase the supply
of bio energy from forests. However, it is important to compare
the environmental benefits of increased biofuel supply with the
possible ecological risks that the disturbance may cause. Stream
water draining 55 catchments subjected to stump harvest (n=16),
site preparation (n=21) or untreated forest (n=18) were sampled on
two occasions and analyzed for THg, MeHg, total organic carbon
(TOC), absorbance (Abs420) and particle concentration. The sample
sites were spread all over Sweden. Preliminary results from the
first sampling occasion indicate that there were no differences of
neither THg nor MeHg concentrations between the stump harvested
and the site prepared sites. Although not significant, the mean
concentrations of both THg and MeHg were higher in the treated
areas (9.52±6.69 ng/L, 1.51±1.90 ng/L) than in the reference areas
(6.43±3.87 ng/L, 0.79±0.86 ng/L). The high standard deviation of
the THg and MeHg concentrations in the treated areas indicate that
site specific catchment characteristics play an important role in the
overall THg and MeHg mobilization. The poster will present the
evaluation of the full data set from the two sample occasions as well
as an evaluation of site specific factors affecting the concentrations
of THg and MeHg.

WS8-O3
IMPACT OF FORESTRY OPERATIONS ON THE
METHYLATION AND MOBILIZATION OF MERCURY TO
AQUATIC ECOSYSTEMS
1

1

2

EKLÖF, Karin , SCHELKER, Jakob , MEILI, Marcus , SÖRENSEN,
1
1
1
Rasmus , ÅKERBLOM, Staffan , KRAUS, Andrea , LAUDON,
1
1
Hjalmar , BISHOP, Kevin
(1) Swedish University of Agricultural Sciences, karin.eklof@slu.se (2)
Stockholm University
Forestry operations have been reported to increase the
concentrations and loads of mercury (Hg) in surface waters. In
a series of catchment-scale experiments we investigated how the
export of total mercury (THg) and methyl mercury (MeHg) to
aquatic ecosystems was affected by logging and subsequent site
preparation as well as by stump harvesting.
Stream water draining catchments subjected to forestry operations
was analyzed for THg, MeHg, organic carbon and particle
concentrations. The effects of logging and site preparation were
studied using a paired-catchment approach in three boreal
catchments (one of them an untreated control) in Balsjö in northern
Sweden. The effect of stump harvesting relative to traditional site
preparation was investigated by using a similar setup in three
catchments in Örebro in southern Sweden.
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In Basjö, the first two years after logging (before site preparation)
resulted in about 15% increase of the THg concentrations.
Site-preparation caused an additional 25% increase in the THg
concentration relative to post-harvest conditions. However, no
significant response in the MeHg concentrations was observed
neither after logging nor site preparation relative to pre-logging
conditions.
Although the concentrations of THg and MeHg at the Örebro site
were exceptionally high compared to other sites in Scandinavia
and North America, the results indicate that stump harvesting
has not caused increased concentrations of THg or MeHg relative
to traditional site preparation or the untreated control. The
very high concentrations in this area seem to be controlled by
factors such as organic carbon, hydrology, temperature, reduced
microenvironments and the initial logging rather than by the stump
harvest or the site preparation.
In neither Balsjö nor Örebro did the studied forestry operations
result in effects on the Hg export as dramatic as reported in
some earlier studies. This could be either due to good forestry
practice and/or a result of varying sensitivity to forestry among
sites. Ongoing research will therefore aim at investigating factors
controlling the relative sensitivity of a catchment to forestry
operations from a mercury perspective.

RS9-P7
FACTORS INFLUENCING THE SPATIAL AND TEMPORAL
TRENDS OF MERCURY IN 19 BOREAL CATCHMENTS
DURING THE LAST DECADE: IMPORTANCE OF ORGANIC
CARBON CHARACTERISTICS
1

1

1

EKLÖF, Karin , FÖLSTER, Jens , SONESTEN, Lars , BISHOP,
1
Kevin
(1) Swedish University of Agricultural Sciences, karin.eklof@slu.se
Since the year 2000, 19 Swedish watercourses have been sampled
every second month for total mercury (THg) and general water
chemistry. The sites were selected for monitoring focus on long
term trends in catchments not effected by intensive forestry, local
industrial discharge or urban areas.
Approximately 30 potential explanatory variables including water
chemistry parameters, hydrology and catchment properties were
used in partial least squares (PLS) regressions to evaluate factors
affecting the THg export. A humic/organic matter (OM) gradient
formed the first component that explains most of the variation in
the THg data. Variables measuring the OM content, absorbance at
420 nm (Abs420) and total organic carbon (TOC), explained 66% and
61% of the variance respectively. Discharge, soil Hg concentrations
and forest cover were also positively correlated with both THg and
TOC.
The fact that THg and OM are strongly correlated even when data
from all streams in different parts of the country, with different Hg
deposition levels and climate were used in a single regression model
indicates that OM is the dominant factor controlling the Hg export.
When normalizing the measurements of THg with TOC, particle
concentrations and average discharge in the streams were related to
slightly higher THg/TOC ratios, whereas percentage of mires and
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electrical conductivity were associated with slightly lower ratios.
Despite a general increase in TOC concentrations during the study
period, there was no general increase in THg. Consequently, there
were decreasing trends in the THg/TOC ratio at almost all sites.
The Abs420 did not increase at the same rate as TOC and there were
no significant decreasing trends for the THg/Abs420 ratios. Due
to the difference in the organic carbon characteristics detected as
Abs420 and TOC, the comparison between the trends for these two
variables is of high interest. The fact that THg and Abs420 has not
increased at the same rate as TOC during the last decade indicates
that fractions of OM absorbing at 420 nm are more important for
Hg mobilization than other OM-fractions.

WS10-O8
A MULTIPRONGED APPROACH RANGING FROM
PURE CULTURES TO MICROBIAL COMMUNITIES
TO DETERMINE THE MECHANISM OF MERCURY
METHYLATION
1

1

ELIAS, Dwayne , MOSHER, Jennifer , VISHNIVETSKAYA,
1
1
1
1
Tatiana , BROWN, Steven , BRANDT, Craig , BROOKS, Scott ,
1
2
3
PODAR, Mircea , GILMOUR, Cynthia , KUCKEN, Amy , WALL,
3
1
Judy , PALUMBO, Anthony
(1) Oak Ridge National Laboratory, eliasda@ornl.gov (2) Smithsonian
Environmental Research Center; (3) University of Missouri
In microbial transformation and genetic studies, we have
undertaken ecological and pure culture investigations to discern
the organisms and genes responsible for methylmercury (MeHg)
generation. Physiological characterizations are being coordinated
with Hg methylation/demethylation in Desulfovibrio africanus
and Desulfobulbus propionicus. Using D. desulfuricans ND132,
we sequenced the genome and are constructing a transposon
library to identify the methylating gene(s). In ecological studies,
MeHg generating microbial communities were examined using
a functional gene array (FGA) and phylogenetically via 454
amplification and sequencing of the V4 region of 16S genes.
Analysis of 59 samples revealed pronounced phylogenetic and
functional differences that appear to be related to seasonal trends.
Geochemical principal component analysis showed that one area
was substantially different due to the presence of U(VI) and nitrate,
and this was reflected in the microbial community. Virtually
all of the microbial communities in the other five sites trended
towards dissolved Hg. Further, a correlation of the 454 data with
geochemistry at the phylum and genus level showed that some
Hg methylating bacteria such as Geobacter spp. do not correlate
with Hg or MeHg. However, the Delta- and Epsilon- Proteobacteria
as well as Verrucomicrobia all trended towards dissolved Hg,
and Desulfobulbus spp. strongly trended towards MeHg. This
is significant in that Desulfobulbus proprionicus is a known Hg
methylator. Current ecological efforts include enrichment and
isolation of methylating bacteria from these sites as well as six
metagenomic, metatranscriptomic, and metaproteomic analyses
from three background, Hg(II) contaminated, and MeHg generating
sites so as to more comprehensively ascertain the genes and gene
products that are differentially abundant and expressed in active
MeHg generating ecosystems.
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MS11-P8
METHYLMERCURY CAUSES REDUCED GPX ACTIVITY
IN BRAIN OF ADULT ZEBRAFISH FEMALES, AND
INTERRUPTS MOTORNEURON AXON GROWTH IN
ZEBRAFISH EMBRYOS AFTER MATERNAL TRANSFER
1

1

2

ELLINGSEN, Staale , AMLUND, Heidi , BOYLE, David ,
1
LUNDEBYE, Anne Katrine
(1) NIFES, Bergen, Norway, sel@nifes.no (2) University of Plymouth,
Plymouth, UNITED KINGDOM
Methylmercury (MeHg) is an environmental contaminant that
accumulates in the seafood chain and represents a significant
risk to human health. Maternal transfer of MeHg is frequently
associated with neurobehavioral deficits like altered motoric and
cognitive functions during early life stages, but MeHg also has
neurotoxic effects in adults. MeHg exposure affects many basic
cellular processes, and knowledge about the underlying molecular
mechanisms is the key to improve MeHg neurotoxic risk assessment.
Quadruplicate groups of 25 female adult zebrafish were exposed
to dietary MeHg for six weeks. MeHg was added to a commercial
zebrafish diet as MeHg-cysteine at nominal concentrations of 0, 10
and 20 mg Hg/kg. The final concentration in the diets were 0.09
± 0.004, 7.9 ± 0.5 and 17.8 ± 1.8 mg Hg/kg (control diet n = 5;
enriched diets n = 10). At six weeks, eight females from each tank
were individually paired with non-exposed males, and eggs were
collected from successful crosses. Maternal transfer of MeHg was
dose dependent, with approximately twice as much mercury found
in eggs from females fed the 20 mg Hg/kg diet (6.7 ± 1.7 ng Hg/egg,
n=3) compared to the 10 mg Hg/kg diet (2.6 ± 0.3 ng Hg/egg, n=3).
In pooled samples of brain and liver of adult female zebrafish
exposed to dietary MeHg, we found total glutathione (GSH)
concentrations and glutathione-S-transferase (GST) total specific
activity to be unaltered. The specific activity of glutathione
peroxidase (GPx) in liver was not affected by dietary treatment,
while in brain the specific activity of GPx was significantly
decreased.
In 1-day old embryos from exposed female zebrafish, spinal cord
primary motorneurons were visualized by immunohistochemistry
(Znp-1 antibody). Normally caudal primary (CaP) motorneurons
project ventrally along the medial somatic muscle surface until they
reach the turning point between the dorsal and medial muscles,
where they project ventrally and innervate the ventral myotome.
We observed a significant disturbance in CaP axon growth in
embryos from females fed the 20 mg Hg/kg diet. Their axons
projected beyond the turning point, but then growth ceased, leading
to a shortened axon. Abnormal branching and misguided axon
growth was also seen beyond the turning point. Whole mount in
situ hybridization analyses indicate that the observed interruption
of axons is caused by mis-regulation of genes involved in axon
guidance and growth.

MG14-P32
THE REEL DEAL: FISHING AND FISH CONSUMPTION
PATTERNS IN A SOUTH CAROLINA GULLAH
COMMUNITY
1

ELLIS, Jamelle
(1)Univeristy of South Carolina, ellis3@email.sc.edu
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Gullah people are descendants of African slaves who remained
in seclusion on the islands of SC, NC, and FL after the Civil War
as self-sufficient fishers. Data on current U.S. fishing and fish
consumption patterns are limited. Although numerous studies show
the impact of acute methylmercury exposures, the scope of research
on the toxicological consequences of chronic low-level mercury
exposure from seafood consumption in subsistence communities
is relatively narrow. In South Carolina, fish advisories have been
placed on many rivers, lakes, and tributaries. Research suggests that
subsistence fishers may be more likely to consume larger amounts
of fish, potentially exposing them to higher levels of methylmercury.
Based on proximity to both freshwater and saltwater, it is unclear
whether subsistence fishers catch and consume more freshwater
or saltwater fish. Studies conducted along the Savannah River in
Georgia suggest differences in fishing and fish consumption between
blacks and their white counterparts. It was determined that blacks
in this region fished more frequently, consumed more fish meals
of larger portions, and ingested more fish per year than whites.
The EPA protective criterion for fish consumption is 19 kg/year.
Median consumption rates for black males and females were 18.91
and 12.89 kg/year, respectively, and 6.86 and 4.67 kg/year for white
males and females. This study will combine the use of fishing and
fish consumption surveys with fish tissue analyses of methylmercury
along the coast of SC as a preliminary measure for an exposure
assessment of the Gullah population.

RG11-O10
MERCURY CONTAMINATION AND ITS POTENTIAL RISK
TO HUMAN HEALTH IN PALU, CENTRAL SULAWESI,
INDONESIA
1

ELVINCE, Rosana
(1) Toyohashi University of Technology, r_elvince@yahoo.co.id
This study was conducted in August and October 2010, in Poboya
gold mining area in Palu, Central Sulawesi, Indonesia, to reveal
the magnitude of mercury pollution both in water and sediment
and its potential risk to human health due to the consumption of
fish contaminated with mercury. Gold mining activities have been
started with more than thousands of gold mining processing plants
since 2008 and cause mercury used in gold separation process may
enter the environment.
The concentrations of mercury in the river water from the Poboya
River ranged from 34 ng/L to 333 ng/L. While in Palu River,
the concentrations ranged from 44 ng/L to 264 ng/L. Among
all sampling points, the highest mercury concentration was at
downstream of the gold mining activities. In sediment, mercury
concentrations reached a value of 0.56 mg/kg DW. In August,
80 % of mercury collected from the Poboya River sediments
exceeded the mercury concentration guideline which is set up by
the US EPA (0.2 mg/kg). Whereas, the mercury concentrations in
Palu River were lower than the guideline because the wastewater
derived from the gold processing plants might not enter to the
river directly. Wastewater from gold processing plants in Poboya
area contained mercury up to 17400 ng/L. This concentration
exceeded the wastewater discharge limit permitted by the US EPA
(10000 ng/L). Mercury concentrations in the three sources of water
consumption (well water, spring water and water supply) were 50
ng/L, 14 ng/L and 254 ng/L, respectively. The water supply had the
highest mercury concentration among those three sources of water
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consumption. However, these concentrations were still lower than
the Indonesian drinking water standard (1000 ng/L).
In water samples from the Palu Bay, mercury concentrations varied
from 31.5 ng/L to 82.8 ng/L; while, in the sediment ranged from
0.002 mg/kg DW to 0.06 mg/kg DW. The highest concentration of
mercury in the water samples was found at the Poboya River mouth
in which mercury was transported from the river to the bay. Total
of 21 fish specimens of 3 fish species had mercury concentrations
ranged from 0.03 mg/kg to 0.22 mg/kg. These values were still below
the mercury concentrations allowed for fish consumption (0.3 mg/
kg) by the US EPA.

and an aerobic bacterium Bacillus sp. RC607 possess the identical
merA genes. Therefore, the mercury resistance determinant
was transferred beyond the boarders of anaerobic and aerobic
environments and the bacterial genera.
From these experimental and analytical results, we propose a
novel concept of in situ molecular breeding for bioremediation
of mercury-contaminated sites. The concept of in situ molecular
breeding technology may be more environmentally friendly, more
economic and effective in practical use, because the breeding of
the special microorganisms is based on natural gene dissemination
phenomenon and because indigenous microorganisms in the
environment are utilized as the recipient microorganisms for the
gene propagation.

FS10-O2
ENVIRONMENTAL PROPAGATION OF THE BACTERIAL
MERCURY RESISTANCE GENES AND ITS APPLICATION
TO MITIGATE ENVIRONMENTAL MERCURY
CONTAMINATION
1

1

1

ENDO, Ginro , CHIEN, Mei-Fang , MIYAUCHI, Keisuke ,
2
3
HUANG, Chieh-Chen , NARITA, Masaru
(1) Tohoku Gakuin University, gendo@tjcc.tohoku-gakuin.ac.jp (2)
National Chung-Hsing University; (3) Tohoku Afforestation and
Environmental Protection Co. Ltd.
Microbial resistance to mercury is based on their enzymatic reaction
of mercurial compounds. Clustered genes in operons (mer operons)
for the conversion of mercurials to metallic mercury by enzymatic
reaction have been intensively studied. Because mercury and its
compounds have widely contaminated as results of geological and
industrial activities, mercury-resistant microbes are distributed
widely. Recently, it is discovered that many mercury resistant mer
operons are located on the transposable elements such as bacterial
transposons or plasmids.
From a bacterium Bacillus megaterium MB1 that was isolated from
sediment of Minamata Bay, Japan, we found a class II transposon,
TnMERI1, that carries genes for broad-spectrum resistance to
mercurial compounds, and whose mer operon is highly similar
in nucleotide sequence to those of Tn5084 from Bacillus cereus
VKM684 and Tn5085 from Exiguobacterium sp. TC38-2b isolated
from Carpathia, Ukraine, and of Tn5084-like transposon from
RC607 isolated from Boston Harbor, USA.
We also isolated fifty-six mercury-resistant Bacillus strains from
natural environments at various sites in the world. Southern
hybridization and PCR analysis showed that 21 out of the 56
isolates have closely relating or identical mer operons to that of B.
megaterium MB1. These 21 isolates demonstrated a broad-spectrum
0
mercury resistance and volatilized Hg . PCR amplification with
a single primer and restriction fragment length polymorphism
analysis showed that these 21 isolates have TnMERI1-like class II
transposons.
Other than Bacillus strains, we analyzed mercuric reductase
genes (merAs) in seven heavily contaminated soil samples by
using PCR primer sets specific to Firmicutes merA and specific to
alpha- or beta- Proteobacteria merA. Phylogenetic analysis data
of the amplified merA genes showed that some merA is dominat
in the soils but still diversified. It was previously found that a
strictly anaerobic Firmicutes bacterium Clostridium butyricum
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MG7-O5
CHANGES IN MERCURY METHYLATION IN A BOREAL
WETLAND PREVIOUSLY ENRICHED IN SULFATE:
SYNERGISTIC EFFECTS OF ATMOSPHERIC DEPOSITION
AND WATER-LEVEL FLUCTUATIONS
1

2

ENGSTROM, Daniel R. , COLEMAN WASIK, Jill , SWAIN, Edward
3
3
4
B. , MONSON, Bruce A. , MITCHELL, Carl P. J. , ALMENDINGER,
5
6
7
James E. , BALOGH, Steven J. , BRANFIREUN, Brian A. , KOLKA,
8
9
Randy K. , JEREMIASON, Jeff D.
(1) Science Museum of Minnesota, dre@umn.edu (2) University of
Minnesota; (3) Minnesota Pollution Control Agency; (4) University
of Toronto - Scarborough; (5) Science Musuem of Minnesota; (6)
Metropolitan Council Environmental Services; (7) University of
Western Ontario; (8) USDA Forest Service; (9) Gustavus Adolphus
College
Boreal wetlands are important sites for mercury methylation by
sulfate-reducing bacteria and are widely thought to be sulfatelimited based on laboratory and field-mesocosm experiments. These
observations have been reinforced by an ecosystem-scale study
in which sulfate deposition to a boreal wetland was increased in
order to examine the effects of atmospheric sulfate on production
and export of methylmercury. A whole-wetland irrigation system
for amending sulfate through simulated rainfall was established
in the fall of 2001 at the Marcell Experimental Forest in northern
Minnesota. The 2-ha wetland was divided into control and
experimental halves, and the experimental half was treated with a
sulfate solution meant to increase annual sulfate loading by four
times the current rate of atmospheric deposition. Beginning in 2006
sulfate application was suspended on a portion of the experimental
half to evaluate ecosystem response to a reduction in sulfate loading.
We focus here on the final three years of the study (2006-2008)
and address in particular the effects of water-table fluctuations
on mercury methylation in a wetland enriched by elevated sulfate
deposition.
Pore-water MeHg and sulfate concentrations show very clear trends
that reflect both recovery of the peatland from chronic sulfate
enrichment and the added effect of water-table drawdown and peat
oxidation during several years of recurring mid-summer droughts.
Extended periods of pre-addition sampling provide strong evidence
for sulfate regeneration by oxidation of organic-sulfur stores in
the peat during periods of water-table depression and subsequent
release to pore-waters during rebound. The released sulfate appeared
to stimulate mercury methylation, raising pore-water MeHg
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concentrations in a manner similar to that following experimental
sulfate addition. This natural methylation response was observed
in control and recovery treatments as well as in the experimental
section, although the magnitude of the MeHg increases were
significantly lower in both. Experimental sulfate additions following
prolonged water-table fluctuations, especially those in fall, produced
only a muted response in MeHg levels, presumably because sulfate
was not limiting microbial methylation at these times. The role
of hydrologic fluctuations in stimulating sulfate regeneration and
MeHg production was confirmed by water-table manipulations in
experimental mesocosms. Climate change models for this region
predict an increase in precipitation variability and intensity, which
in addition to stimulating mercury methylation, could also enhance
hydrologic connectivity within and from wetlands and thereby
increase MeHg flux to downstream lakes.

involved in Hg-induced neurotoxic effects: antioxidative defense,
neurotoxicity and apoptosis.
Preliminary results
Preliminary results indicate genetic effect modification of Hg-related
neurotoxic effects.
Conclusions
This is, to our knowledge, the largest study to evaluate potential
impact of genetic factors on Hg-induced neurotoxic effects. By
taking into account influential genetic polymorphisms, susceptible
groups can be identified and more relevant health risk assessments
can be made.

TS16-P3
RS17-P3
WHAT DO GENES MEAN FOR THE SUSCEPTIBILITY TO
MERCURY-RELATED NEUROTOXIC EFFECTS AMONG
GOLD MINERS?
1

2

ENGSTRÖM, Karin , BÖSE-O’REILLY, Stephan , DRASCH,
3
1
1
Gustav , AMEER, Shegufta , SKERFVING, Staffan , BROBERG,
1
Karin
(1) Occupational and environmental medicine, Lund university, karin.
engstrom@med.lu.se (2) Institute of Public Health, Medical Decision
Making and Health Technology Assessment, UMIT – University
for Health Sciences, Medical Informatics and Technology, Hall i.T.,
Austria; (3) Institute of Forensic Medicine, Ludwig-MaximiliansUniversity, Munich, Germany
Background
0
Elemental mercury (Hg ) has a high neurotoxic potential due to its
0
ability to pass the blood-brain barrier. Hg is used in artisanal and
small-scale gold mining. Earlier studies, conducted in Indonesia
(Böse-O’Reilly et al. Sci Total Environ 2010), Philippines (Drasch
et al. Sci Total Environ 2001), Tanzania (Böse-O’Reilly et al. Sci
Total Environ 2010) and Zimbabwe (Lettmeier et al. Sci Total
Environ 2010), showed that individuals working with gold mining
or living in areas highly exposed to Hg from the mining had a high
prevalence of neurotoxic symptoms and signs. However, there
were large differences in neurotoxic effects among individuals with
similar exposure. These differences may be due to genetic factors.
Aim
The aim of this study is to identify genetic variants that affect the
susceptibility to Hg-related neurotoxic effects among gold miners.
Materials and methods
Study subjects were the participants from the above-mentioned
studies in Indonesia, Philippines, Tanzania and Zimbabwe
(N=1113). Sampling was done as a part of the Global Mercury
Project. Individuals were classified as controls (no specific Hg
exposure), or with low (living in a Hg-contaminated mining area)
or high (working with Hg) exposure. Urine, hair, and blood were
collected for analysis of Hg by cold-vapor atomic absorption
spectrometry (CV-AAS). Anamnestic data was evaluated by a
health assessment questionnaire, and participants were examined
neurologically for ataxia, tremor, and motor coordination.
Genotyping was done for 106 polymorphisms selected from
approximately 30 genes in three groups of genes potentially
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MERCURY EXPOSURE IN INHABITANTS LIVING IN THE
VICINITY OF THE WORLD’S LARGEST MERCURY MINING
DISTRICT, ALMADÉN (SPAIN)
1

2
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ESBRÍ, José M , DIEZ, Sergi , TOBÍAS, Aurelio , HIGUERAS, Pablo
4
5
L. , MARTÍNEZ-CORONADO, Alba
(1) Instituto de Geología Aplicada, UCLM. Pl. Manuel Meca, 1.
13400 Almadén (Ciudad Real), Spain, josemaria.esbri@uclm.es
(2) Environmental Chemistry Department, IDAEA-CSIC. 08034
Barcelona, Spain; (3) Geosciences Department, IDAEA-CSIC; (4)
Instituto de Geología Aplicada, Universidad de Castilla-La Mancha.;
(5) Instituto de Geología Aplicada, Universidad de Castilla-La
Mancha
Mercury exposure of local population was assessed in two areas
of Castilla-La Mancha region (Spain): Almadén mercury mining
district, which has been the World’s largest producer of this element,
and localities within a radius of 2 hundred Kilometers away. These
two studied groups are exposed to different sources of mercury:
a point source in Almadén and a diffuse source hundreds of km
away on the same region. Total mercury (THg) in human hair was
analysed by means of atomic absorption spectrometry with Zeeman
effect, by mean of a LUMEX RA-915 equipment, and results ranged
-1
-1
from 0.20 to 9.35 mg kg with a mean value of 2.64 mg•kg . About
87% of subjects had THg levels in excess of the EPA reference dose
-1
(RfD=1.0 mg•kg ), while a high percentage (68%) of them are living
in Almadén. In this group, the women of child-bearing age had a
-1
mean hair mercury level of 2.12 mg•kg , which is twofold higher
than the RfD. There was a clear increase in hair Hg with reported
fish consumption and the highest mean hair mercury level was 4
times the RfD in a group who has reported the higher consumption
of fish. For the whole group there was a significant effect of age,
gender, and fish consumption in relation to Hg concentration in
the hair. Nevertheless, when both groups were tested separately
by means of a multivariate regression model, there is a significant
exposure for those living near the mine area. Several factors such as
age, gender, and fish consumption remained statistically significant
and are associated with Hg contents in the hair. The main conclusion
is that people living close to the hot spot are more impacted by
mercury than people living further away. The intake of Hg through
consumption of fish is an important parameter for Hg exposure;
however, in case of the people living close to the hot spot, their levels
are related to the highly Hg-impacted living environment.
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TG3-P14
COMPARISON BETWEEN ATMOSPHERIC MERCURY
MEASUREMENTS AND MODEL AROUND A CHLORALKALI PLANT IN FLIX (SPAIN)
2

Kejimkujik Park, Nova Scotia will be discussed, along with processes
that might affect mercury bioaccumulation and retention in aquatic
systems. The model has proved to be a good predictive screeninglevel tool to assess mercury risk in lakes with limited datasets.

2

ESBRÍ, José M , LLANOS, Wiilians R , MARTÍNEZ-CORONADO,
2
2
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Alba , HIGUERAS, Pablo L , DÍEZ, Sergi , BASELGA, Leticia
(1) Ecologistas en Acción, España., residuos@ecologistasenaccion.
org (2) Instituto de Geología Aplicada, Universidad de Castilla-La
Mancha. 13400 Almadén (Ciudad Rea), Spain; (3) Department of
Environmental Chemistry, Institute of Environmental Assessment and
Water Research (IDÆA), Spanish National Research Council (CSIC).
08034 Barcelona, Spain
Since 1980 chlor-alkali industry is the main mercury consumer in
industrialized countries, being responsible for 90% of its use. In
Spain, this industry declares 2.54 tons per year of mercury emissions
to the atmosphere, figures what may be underestimated. The aim of
the present work is to evaluate the distribution of mercury vapours
in the atmosphere in the vicinity of one of these plants; it is located
near Flix (Tarragona, NE Spain), and it is in activity since 1897, with
a production capacity of 150,000 tonnes of chlorine per year. The
plant is located 1 km away from the town, and a residential area is
located besides the perimeter of the plant.
We have monitored this chlor-alkali facility and its surroundings
using a Lumex RA-915+ analyzer (ZAAS-HFM) for continuous
Hg measurements, with a wide measurement range (2 – 25,000 ng
-3
m ), GPS technology to georeferenciate data and a geostatistical
treatment by kriging. Mercury dispersion patterns were modelized
using ISC-Aermod software and annual emissions declared by the
chlor-alkali plant (65.7 kg per year in 2009).
-3

During the surveys, mercury contents (up to 25,000 ng•m )
-3
surpassed the WHO maximum recommended level (1000 ng•m )
in the vicinity of the plant; at the residential area we have found
areas with concentrations above WHO and USEPA reference
-3
concentration for chronic mercury exposure (200 and 300 ng•m ,
respectively).
The mercury dispersion model confirms the affection to the
residential area close to the facility, in particular in summer, when
expected atmospheric mercury concentrations exceed the above
mentioned thresholds. Besides, values estimated by the model
on the basis of declared emissions are much lower than real data
measured during our surveys, confirming the underestimation of
emissions.

TS6-P2
BIG DAM WEST LAKE MERCURY MODEL (HERMES)
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ETHIER, Adrienne , O’DRISCOLL, Nelson , LEAN, David ,
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MACKAY, Don , TOOSE-REID, Liisa
(1) Atomic Energy of Canada Limited, ethiera@aecl.ca (2) Acadia
University; (3) David Lean Environmental Consulting; (4) Trent
University

TS5-P6
HERMES GREAT LAKES MERCURY MODEL
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ETHIER, Adrienne , MELCHER, Hilary
(1) Atomic Energy of Canada Limited, ethiera@aecl.ca (2) Trent
University
The HERMES model uses a reduced set of inputs to predict
concentrations of total mercury and methyl mercury in the water
column and sediments of lakes. The model was tested on a number
of lakes in Canada and has proved to be a good predictive screeninglevel tool.
Results from application of HERMES model to all five Great Lakes
(Erie, Ontario, Huron, Superior and Michigan) will be discussed,
along with scenarios to show how changes in one lake might
influence mercury dynamics in downstream lakes. This model
could serve as a valuable tool for risk assessment and management
of mercury in the Great Lakes basin.

WS7-O8
SOURCE INVESTIGATION FOR MERCURY IN OTTAWA
RIVER SEDIMENTS.
1

1

1

ETHIER, Adrienne , SILKE, Renee , DOLINAR, George ,
2
MELCHER, Hilary
(1) Atomic Energy of Canada Limited, ethiera@aecl.ca (2) Trent
University.
In 2001, Atomic Energy of Canada Limited (AECL) started
evaluating sediment in the Ottawa River adjacent to Chalk River
Laboratories site in Ontario in order to determine extent of
contamination from operations and possible need for remedial
action. Sediment mercury levels near the AECL Process Outfall
were found exceed 5 mg/g. This mercury footprint overlapped
with, but did not line up with, known radiological footprint. Other
than mercury, no other heavy metals were found to be elevated
adjacent to the site when compared with upstream and downstream
sediment.
In order to identify the source of mercury footprint found in
Ottawa River sediments near AECL, multiple natural and industrial
sources were investigated (e.g., Process Outfall, Powerhouse stack,
upstream paper mills, etc...). Results of this source investigation
will be presented. A screening-level model (HERMES) was used to
study historical and current mercury fate and flux patterns in the
Ottawa River to assist with this source investigation and evaluation
of remedial options (if required).

The HERMES model uses a reduced set of inputs to predict
concentrations of total mercury and methyl mercury in the water
column and sediments of lakes. Results from development and
initial application of HERMES model to Big Dam West Lake,
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TS2-P3
LAKE MERCURY GEOCHEMICAL CYCLING MODEL
(HERMES) APPLICATION IN SUPPORT OF CARA
MODELLING EFFORTS
1

2

ETHIER, Adrienne , LEAN, David
(1) Atomic Energy of Canada Limited, ethiera@aecl.ca (2) David Lean
Environmental Consulting.
The HERMES model uses a reduced set of inputs to predict
concentrations of total mercury and methyl mercury in the water
column and sediments of lakes. The model was tested on a number
of lakes in Canada and has proved to be a good predictive screeninglevel tool.
As part of CARA ecosystem modelling effort, model applicability
was improved through the development of better estimation
methods and linked with other air, land and water mercury models.
This model provides an alternative for comparison with D-MCM
predictions of THg and MeHg in the water column and sediments.
The long term goal is to add a food web module to predict MeHg in
fish.

rapid removal of methylmercury to suspended or bottom sediments
in the upper bay.
Mobile Bay results can be compared with results from Florida Bay,
a known mercury hotspot in the Gulf of Mexico. In the latter locale,
highest methylmercury concentrations were also found in the
brackish water area of the estuary. Here, however, methylmercury
as a percentage of total mercury in the water column was higher
(median value 8.2%). Methylmercury concentrations were also
higher, reaching 1.512 ng/L. Total Hg was not any higher in Florida
Bay than in Mobile Bay. The differences are likely due to modestly
higher inputs of methylmercury from the Florida Bay watershed,
enhanced mercury methylation within Florida Bay sediments, and
the very much greater river flow and tidal exchange in Mobile Bay,
which effectively dilutes and flushes introduced methylmercury out
of the Bay and into the Gulf of Mexico.

WS12-O7
CLIMATIC VARIABILITY AND ITS INFLUENCE ON
MERCURY TRENDS IN LAKE TROUT AND BURBOT IN
LAKES IN THE NORTHWEST TERRITORIES, CANADA: A
GREAT SLAVE LAKE FOCUS
1

TS14-P7
TOTAL MERCURY AND METHYLMERCURY IN MOBILE
BAY,A GULF OF MEXICO ESTUARY
1

2

3

EVANS, David , ROCHELLE, Colleen , CERINO, David
(1) NOAA, david.w.evans@noaa.gov (2) East Carolina University; (3)
Pitt Community College.
Mobile Bay is the estuary of the sixth largest watershed by area
in the United States, with the fourth greatest freshwater flow.
2
An extensive deltaic wetland lies at its head. The 1068 km bay
downstream from the delta debouches into the Gulf of Mexico.
During late summer, part of the shallow bay (mean depth 3 m) can
become hypoxic. Freshwater residence times are typically about one
week.
We sampled total mercury and methylmercury in the waters of
Mobile Bay quarterly between February 2008 and August 2009
to define freshwater inputs, exports to the Gulf of Mexico, and
evidence of losses or gains within the estuary. In Mobile Bay,
methylmercury is a small fraction of the total mercury in the water
column (median value 3.9%). The majority (mean 74%) of the
methylmercury in the water column was associated with suspended
sediments. Total mercury was even more-particle associated than
methylmercury.
Methylmercury concentrations in filtered water samples ranged
from 0.174 ng/L down to the detection limit (<.020 ng/L in 2008
and <.010 ng/L in 2009) with one significant exception. In February
2008, we measured 0.652 ng/L methylmercury in filtered water
within an algal bloom (Prorocentrum minimum) in the northeast
bay. Total mercury in filtered water was also high in the bloom.
Highest dissolved methylmercury concentrations were observed in
more freshwater habitats: the Mobile and Tensaw rivers and Delta,
Most measurements of dissolved methylmercury in the southern
half of the bay (salinity > 16 PSU) were below detection limits. Plots
of dissolved methylmercury concentrations versus salinity indicated
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2

1

EVANS, Marlene , MUIR , Derek , KEATING , Jonathan , WANG,
2
Xiaowa
(1) Water Science and Technology Directorate, Environment Canada,
Saskatoon, SK, marlene.evans@ec.gc.ca (2) Water Science and
Technology Directorate, Environment Canada, Burlington, ON.
While northern Canada is largely undeveloped with a very low
population density, mercury levels in fish are of concern and have
been monitored for the last three decades as part of commercial fish
inspections, domestic fisheries and, more recently, the Northern
Contaminant Program. In the mid 2000s, researchers summarized
this information to report that mercury concentrations in predatory
fish commonly exceeded 0.5 μg/g, the commercial sale guideline.
High mercury levels were more commonly associated with
predatory fish in smaller lakes with large watersheds and with such
fish reaching 12 years and older. Continued mercury monitoring
in Great Slave Lake is showing that mercury levels are increasing
in lake trout and burbot with a greater rate of increase observed
in burbot, the more nearshore of the two species. Furthermore,
mercury is increasing at a faster rate in the warmer, more productive
waters of the West Basin than the deeper, cooler and less productive
waters of the East Arm. Monitoring studies conducted periodically
in smaller lakes have shown even larger increases in mercury
concentrations in lake trout over intervals as short as 4-5 years;
consumption advisories have been issued for some of these lakes.
The factors driving these broad scale time trends are unclear and
subject to some debate although lake size and fish biology clearly are
important factors affecting the manifestation of time trends at local
scales. While the Mackenzie River Basin has been experiencing
a long-term warming trend, there is only a weak correlation
between trends in mercury concentrations and annual or ice-free
air temperatures. Wind speeds are decreasing, potentially affecting
a number of lake processes including water column mixing with
concomitant effects on mercury methylation rates. Another causal
factor potentially affecting mercury trends is increased mercury
emissions from Asia with its economic expansion. The long-term
prognosis for mercury levels in fish in northern Canada is unknown.
Global warming is expected to continue with many environmental
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consequences including enhanced productivity as the growing
season is extended: if this results in an increase in fish growth rates,
mercury levels may decline in fish. This may be counterbalanced by
Asian emissions which are expected to continue to increase with its
economic growth. Resolution of the factors affecting mercury levels
and trends in fish is of outmost importance both now and for the
future.

MS11-O2
ADVERSE EFFECT LEVELS FOR ENVIRONMENTAL DOSES
OF MERCURY IN WILD BIRDS
1

2

EVERS, David , CRISTOL, Daniel
(1) BioDiversity Research Institute, david.evers@briloon.org (2)
College of William and Mary.

TG3-O7

Understanding the effects of environmental mercury on wildlife
is an ongoing scientific challenge that has policy and management
ramifications for avian conservation. For decades, the guideline for
the toxicity of methylmercury to wild birds was based on laboratory
studies of one species, the mallard. While the relationship between
experimental and environmental doses still remain relatively
undefined, the single species approach also did not consider
differences in species sensitivities – a distinction that is now
quantitatively realized, especially among broad foraging guilds,
such as granivores, invertivores and piscivores. Point estimate
toxicity concentrations, as those defined by lowest observed
adverse effect levels (LOAELs), are often used as an approach
to determine changes measured in the target organism that are
significantly distinguishable from the control. Fundamental reasons
for improving on the use of LOAELs are that they do not fully
reflect the magnitude of the biological effect. We will present (1)
LOAEL data that illustrate taxonomic differences using reproductive
endpoints from wild bird populations as well as (2) an approach
using effects concentrations (ECx) that integrate demographic
and natural history knowledge that more fully represent injury
from environmental mercury loads. The shift to acknowledge the
importance of studies on wild populations, differences in sensitivity
within avian taxa, and the need for a higher resolution approach
toward assessing the full adverse effects of methylmercury toxicity
is timely.

TS14-P11
INFLUENCE OF CLIMATE CHANGE ON METHYLMERCURY
PRODUCTION AND BIOAVAILABILITY IN COASTAL
WETLAND ECOSYSTEMS
1

1
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3

EVERS, David , BUCK, David , CHEN, Celia , DRISCOLL, Charley ,
1
4
FRANKLIN, Julie , GILMOUR, Cindy , HAMMERSCHMIDT,
5
6
Chad , SUNDERLAND, Elsie
(1) BioDiversity Research Institute, david.evers@briloon.org (2)
Dartmouth College; (3) Syracuse University; (4) Smithsonian
Environmental Research Center; (5) Wright State University; (6)
Harvard University.
Climate change is a global issue caused by greenhouse gases and
aerosols of predominantly anthropogenic, but also natural origin;
of primary concern are CO2, CH4, carbon particles and N2O.
Various models have predicted the influence of climate change on
the hydrology and biogeochemistry of coastal wetlands, from sea
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level rise, increased precipitation, and warmer waters, to increased
primary productivity - among other projected influences. Warmer
temperatures are currently and projected to lead to melting glaciers,
permafrost degradation, ice and snowmelt and increased forest fires;
all processes which have the potential to convert mercury sinks
into mercury sources. In this study, we consider a broad range of
factors related to climate change that may influence methylmercury
production and bioavailability in three coastal biomes: tundradominated shorelines of the Arctic, spartina-dominated shorelines
of temperate regions, and mangrove-dominated shorelines of the
tropics. In addition to considering factors that may lead to increased
Hg input to aquatic ecosystems, we also evaluate factors influencing
methylmercury production and bioavailability in wetlands, such as
enhanced wetting and drying cycles.

ESTIMATION OF NATURAL AND ANTHROPOGENIC
MERCURY EMISSIONS IN ALTAI REGION ON A GLOBAL
AND LOCAL SCALE BASED ON BELUKHA GLACIER’S
PALEOARCHIVE DATA
1

EYRIKH, Stella
(1) IWEP SBRAS, stella@iwep.asu.ru
High-altitude mountain glaciers are well suited as paleoarchives
of natural and anthropogenic Hg emissions reflected both shorttime events (volcanic eruptions, earthquakes) and prolongated
impact of Hg contamination (natural emissions from ocean and
soil, industrial and mining activities). Belukha glacier is especially
interesting region for Hg study due to combination of natural and
anthropogenic factors both on regional and global scales.
The aim of this study was to reconstruct past contributions of
natural and industrial sources of atmospheric Hg contamination
in the Siberian Altai during the last two centuries. Analysis was
performed by atomic fluorescence spectrometry (“Mercur”, Analytik
Jena, Germany) using US EPA 1631 method. Contamination-free
methodology and optimization of instrumental parameters gives
detection limit of Hg determination in ice and snow samples - 0.025
ng L-1.
They are the first reliable data on Hg levels in snow and ice ever
obtained for the Hg in Altai region. Hg concentrations in ice core
range from 0,14 to 6,13 ng/l, excluded some peaks values attributed
to volcanic eruption and, possibly, the earthquake in the Altai
region. In pre-industrial times (before 1830) Hg concentrations
are extremely low, average concentration is 0,65 ng/l. This level is
comparable with values reported for remote areas such as Antarctica
and Greenland. In the industrial time increased Hg concentrations
are observed especially after 1940, with maximum concentrations
from 1950 to 1980, when industrial activities in the Former Soviet
Union were considerable. In industrial time concentration range and
average Hg concentration are comparable with values reported for
Mont Blanc glacier, whereas Hg concentrations in ice core of Upper
Fremont glacier are much higher for all time intervals. Results of Hg
determination in ice core from Belukha glacier comparing with Hg
concentration in glacier ice from other locations are discussed in
detail.
We propose approximate, but simple method of estimation regional
constituent contribution using data from Greenland as background,

95

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
and calculation of contribution from natural and industrial sources
to atmospheric Hg contamination in the Siberian Altai using
Belukha glacier’s paleoarchive data. Thus, the regional contribution
on general Hg atmospheric contamination of Central Asia region
is ~3,5 times more than global background one, the anthropogenic
constituent of this contamination is 2 times grater than its natural
component.

RS9-P4
CHARACTERIZATION OF MARINE MACROAGGREGATE
INTERACTIONS WITH MERCURY AND OTHER METALS
1

2

3

FAGANELI, Jadran , KORON, Neza , FALNOGA, Ingrid ,
3
3
4
SLEJKOVEC, Zdenka , MAZEJ, Darja , KOVAC, Nives
(1) Marine Biological Station, jadran.faganeli@gmail.com (2) Marine
Biological Station ; (3) Jozef Stefan Institute; (4) Marine Biological
Stataion.
Marine macroaggregates (macrogels), produced episodically
in the northern Adriatic by agglomeration of dissolved organic
macromolecules - mostly heteropolysaccharides - of prevalently
phytoplankton (diatom) origin, offer a rare opportunity to study
interactions between marine macromolecules and metals, i.e. Hg,
Cd, Zn, Mn, Cr, Fe, Al, Ni, Co, V, Ba, U, Al, and metalloids, i.e.
Se an As. Filtration and centrifugation were used to discriminate
between macrogel matrix and interstitial water colloids. The
interstitial water fraction was incubated during four weeks to
study the macroaggregate degradation. The degradation products
were ultrafiltered through membranes with a nominal pore size
of 30, 10 and 5 kDa cutoff (MWCO) sequentially in a “cascade
fashion”. Ultrafiltrates were characterized using FTIR, organic C
(Corg), total N (Ntot) and carbohydrate contents, and CV AFS for
Hg and ICP-MS for other metal (Me) and metalloid contents.
The highest carbohydrate content and lower C/N ratio were
associated with higher molecular weight (MW) fraction (>30 kDa)
suggesting that glycoproteins and aminopolysaccharides could be
important constituents of this fraction. Conversely, the lowest MW
fraction (5-10 kDa) contains lower carbohydrate concentration
and higher C/N ratio. Higher Me concentrations and lower Me/
. ratios, the latter providing data on Me bonded onto organic
Corg
matter, in matrix compared to interstitital water colloids suggest
that Me in matrix can be also bonded onto metal-containing
particles. The studied metals and metalloids, except Se, in colloidal
fraction were prevalently bonded onto large macromolecules (>30
kDa). During the fast degradation of all except the lowest MW
fraction, the Me associated with high MW (>30 kDa) fraction
are markedly preserved while Me in lower MW fractions, mostly
composed of polysaccharides, are prevalently released into solution.
Consequently, the Me/Corg. ratios increased due to the loss of Corg.
and relative increase of metal-binding sites. Despite our metal series
are generally in a good agreement with Irving-Williams series slight
differences can be explained by variable background (“dissolved”)
concentrations of studied metals and metalloids
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RG9-P4
MERCURY IN FEATHERS, CLAWS, EGGS AND GUANO
OF BIRDS WINTERING IN THE GULF OF GDANSK AREA
(SOUTHERN BALTIC) AS A DETOXICATION PROXY
1

1

1

FALKOWSKA, Lucyna , SZUMIŁO, Emiia , SZUBSKA, Marta ,
1
1
FILA, Grzegorz , BELDOWSKA, Magdalena , MEISNER,
2
3
Włodzimierz , BZOMA, Szymon
(1) Institute of Oceanography, University of Gdansk, (2) Dept. of
Vertebrate Ecology and Zoology, University of Gdansk; (3) Sea
Fisheries Institute, Gdynia.
Organisms discharge a part of accumulate toxic compounds –
including mercury. Phytoplankton exudes mercury via cellular
membranes complexed to dissolved organic matter or reduces it to
the gaseous form, while fish discharges metals with feces and roe.
Birds expel mercury in several ways: through guano, accumulation
in feathers and claws, or include it in eggs. Because of that, toxic
substances are partially removed from birds in feeding grounds,
and transported together with migrations over long distances, and
deposited in breeding and wintering grounds.
In the Gulf of Gdansk area (Southern Baltic) three large municipal
dumps create a basic feeding ground for several thousand seagulls.
They can then transport toxins indulged there to other areas.
Especially vulnerable are bird colonies in the coastal zone (birds
reserves, breakwaters, harbors etc.). Mercury in birds feces occurs in
labile forms, hence it can readily enter the foodchain.
Samples of guano, unfertilized eggs, claws and feathers of dead
Larus argentatus and Larus marinus were collected in the coastal
zone of the Gulf of Gdansk between December 2009 and February
2011. Claws and feathers were cleaned with 50% acetone and placed
for 30 minutes in ultrasonic bath prior to analysis. Unfertilized eggs
were freeze dried and homogenized, while guano samples were
analyzed as a whole after freeze drying.
Mercury concentration was measured using AMA 254 mercury
analyzer. Precision and accuracy control was handled by the analysis
of certified reference material (Quality control has been carried
out by the measurement of certified reference materials, with RSD
equal to 5% of the mean. Total mercury concentration (HgT) was
-1
expressed in μg g dry weight. Average concentration for sample
was calculated for three analyses.
Mercury concentration in guano was most variable among analyzed
-1
-1
materials - it varied from 5 pg∙g d.w. to 2 μg∙g d.w. In claws and
-1
feathers concentration span was smaller - 0.4 μg∙g d.w. to several
-1
μg∙g d.w. The highest concentrations were observed in contour
-1
feathers and claws – it amounted to 10 μg∙g d.w.
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TG10-P13
CYCLING OF DISSOLVED ELEMENTAL MERCURY IN THE
EASTERN MEDITERRANEAN BASIN
1

1

1

FANTOZZI, Laura , SPROVIERI, Francesca , GRATZ, Lynne ,
1
1
1
AMMOSCATO, Ivano , COFONE, Franco , PIRRONE, Nicola
(1) CNR-IIA Institute of Atmospheric Pollution Research, l.fantozzi@
iia.cnr.it
0

The formation and volatilization of elemental mercury (Hg )
in aquatic systems are important features of the environmental
mercury cycle because, from a global perspective, ocean evasion
0
of Hg to the atmosphere may account for up to 50% of total
annual atmospheric emissions of mercury. Mercury levels and
cycling were broadly examined in the eastern Mediterranean Sea
during an approximately 3000 km campaign on board the R/V
URANIA (National Research Council of Italy) from 26 August
2010 to 13 September 2010. Surface Dissolved Gaseous Mercury
0
(DGM, dominated by Hg ), Total Mercury (TM) and Dissolved
Total Mercury (DTM) concentrations ranged from 15.6 to
-1
-1
-1
113.7 pg L , 298.7 to 18763.8 pg L , and 230.9 to 10987.7 pg L ,
respectively. Elevated concentrations of these species occurred
near the coastal sites while lower concentrations were observed
offshore, suggesting that organic matter is significant in controlling
DGM formation in waters. The highest concentrations of DGM,
TM and DTM were observed near Augusta (Sicily), one of the
most industrialized and contaminated coastal environments in
the Mediterranean region. In addition to the reduced presence of
2+
organic matter, limited Hg availability may also be responsible
for the low DGM values observed in offshore waters. A significant
linear correlation between DGM and DTM was detected in the
2
sea surface (r = 0.80; p ≤ 0.04), suggesting that the complexes of
mercury (mostly organic Hg association) in the dissolved phase are
photoreducible and contribute to DGM production. Furthermore,
DGM profiles followed in part the vertical distribution of light,
0
indicating photoreduction of Hg(II) complexes as a source of Hg .
In some cases, however, an increase in DGM concentrations was
observed at the bottom in some stations, suggesting a biological
0
involvement in the process of Hg production. Two daily trends
of DGM concentration in surface water of coastal stations were
also measured, demonstrating the temporal variation of DGM
levels over short time intervals and the effect of solar radiation on
DGM production. In sunny calm conditions DGM concentrations
followed the trend of solar radiation intensity, reaching a peak value
-1
of 34 pg L simultaneously with the maximum net atmospheric
-2
radiation (816 W m ). Conversely, under variable meteorological
conditions, a marked diurnal pattern in DGM was not detected.
Finally, estimations of mercury evasion using a gas exchange model,
which includes salinity, wind speed and water temperature as
-2
independent values, are reported (mean value 4.9 ng m h).

TG5-O7
INFLUENCE OF ACTIVATED CARBON SURFACE OXYGEN
FUNCTIONALITY ON HG(0) ADSORPTION FROM
AQUEOUS SOLUTION
1

FAULCONER, Emily
(1) University of Florida, embem171@yahoo.com
Activated carbon is known to adsorb Hg(II)aq and Hg(0)(g). No
known research has been performed to investigate the role of
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carbon-oxygen surface complexes in Hg(0)(aq) adsorption by
activated carbon. Based on vapor phase research, it is possible that
the removal mechanisms involve redox chemistry as well as physical
adsorption and chemisorption, with the nature and quantity of the
surface oxygen groups influencing adsorption capacity. Lactone
and carbonyl have been suggested as potential adsorption sites
0
or, being reducible functional groups, sites for Hg oxidation and
subsequent adsorption. It is possible to tailor these surface groups
through thermal or chemical oxidation, thus allowing for targeted
contaminant removal. Hg-removal performance was verified
by mercury mass balance, calculated by quantifying residual
aqueous mercury, adsorbed mercury extracted by HF digestion,
and volatilized mercury. The batch reactor contained a sealed
Teflon mercury-carbon contact chamber with mixing and constant
headspace N2 flow to a KMnO4 trap. Mercury adsorption was
performed using spiked Nanopure water (~50 μg/L Hg). Mercury
concentrations were obtained using EPA method 245.1 and CVAA
spectroscopy. The surface chemistry of a commercially available
bituminous-based powdered activated carbon was chemically
modified using various concentrations of HNO3, NaOH, and
H2O2. Humic substances formed during oxidation were removed
using a NaOH and subsequent HCl rinse to prevent pore blockage
and subsequent reduction in adsorption capacity. Samples were
characterized using N2 adsorption-desorption, Boehm titration,
pHpzc, X-ray photoelectron spectroscopy, and elemental analysis.
It is hypothesized that activated carbon modification with NaOH
0
will provide the ideal surface chemistry for Hg (aq) adsorption due
to the large proportion of lactone surface groups formed and the
minimal pore degradation during the modification process. Metal
catalysts impregnated on the carbon surface have the potential to
0
enhance aqueous Hg removal through oxidation; future studies
will investigate the potential redox reactions between magnetite in
magnetic powdered activated carbon and aqueous Hg0.

TS7-P1
SIMULATION OF STREAMFLOW IN THE MCTIER CREEK
WATERSHED, SOUTH CAROLINA
1

FEASTER, Toby , GOLDEN, Heather E., ODOM, Kenneth R.,
LOWERY, Mark A., CONRADS, Paul A., BRADLEY, Paul M.
(1) U.S. Geological Survey, tfeaster@usgs.gov
The McTier Creek watershed is located in the Sand Hills ecoregion
of South Carolina and is a small catchment within the Edisto River
basin. Two watershed hydrology models were applied to the McTier
Creek watershed as part of a larger scientific investigation to expand
the understanding of relations among hydrologic, geochemical, and
ecological processes that affect fish-tissue mercury concentrations
within the Edisto River basin. The two models are the topographybased hydrological model (TOPMODEL) and the grid-based
mercury model (GBMM). TOPMODEL uses the variable-source
area concept for simulating streamflow, and GBMM uses a spatially
explicit modified curve-number approach for simulating streamflow.
The hydrologic output from TOPMODEL can be used explicitly
to simulate the transport of mercury in separate applications,
whereas the hydrology output from GBMM is used implicitly in the
simulation of mercury fate and transport in GBMM. The modeling
efforts were a collaboration between the U.S. Geological Survey
and the U.S. Environmental Protection Agency, National Exposure
Research Laboratory.
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MG4A-P10
ANALYSIS OF PARTICULATE MERCURY IN MARINE AND
CONTINENTAL ATMOSPHERES
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FEDDERSEN, Dara , TALBOT, Robert , MAO, Huiting , SMITH,
1
1
Melissa , SIVE, Barkley
(1) University of New Hampshire, dmy49@unh.edu (2) University of
Houston; (3) SUNY College of Environmental Science and Forestry.
A study was conducted at a marine site, Appledore Island, in the
Gulf of Maine and at a nearby continental site, Thompson Farm,
to collect and assess atmospheric mercury and better understand
mercury cycling in the atmosphere. In particular, we were pursuing
how important the particulate phase in the marine boundary layer
is to the mercury budget and its role in cycling. Over one year, a
total of six campaigns were conducted. Mercury was collected using
three different types of instrumentation: a Tekran automated system
collecting elemental, reactive, and particulate mercury; cascade
impactors collecting size-fractionated particulate mercury; and
bulk filters collecting total particulate mercury. We determined
that: (1) the bulk filters show much higher concentrations of
particulate mercury than the automated system; (2) the aersosol
size distribution of mercury depends on location and source of
air; (3) our continental and marine sites are often affected by the
same source of air. Further, we show a diurnal cycle of particulate
mercury that matches that of elemental mercury. We calculated
the dry deposition of particulate mercury for each season, showing
that summer at both sites has the highest depletion rates of 5-7
ppqv/day compared to winter and spring at Thompson Farm, at
about 1 and 0.5 ppqv/day, respectively. We compared bulk filters
to the impactors to assess the loss of mercury when using filters
for long time periods. When week-long impactors were run in
conjunction with consecutive three-hour time resolution bulk
filters, the impactors lost about half of their mercury. When the
impactors were run in conjuntion with 24 hour bulk filters, the
impactors lost slightly less mercury compared to the bulk filters. We
also integrated the impactors to correlate directly with the Tekran
data, and found that the particulate mercury concentration on the
impactors was overall about half of the filter values. This study has
the goal of providing a more detailed evaluation of sources, cycling
and chemical transformations of mercury in both the marine and
continental atmospheres.

RS3-P3
SPECIATED AND WET DEPOSITION HG DATA FROM TWO
URBAN AREAS IN NEW YORK
1

1

FELTON, H Dirk , CIVEROLO, Kevin L
(1) New York State DEC, hdfelton@gw.dec.state.ny.us
The New York State Department of Environmental Conservation
(NYSDEC) has operated two Tekran speciated Hg monitors
collocated with Mercury Deposition Network (MDN) monitors
for almost 3 years in urban areas. The sites in Rochester and
in the Bronx were selected because little was known about the
influences of the urban co-pollutant mix on the ratios of speciated
Hg compounds as measured by the Tekran system, or total Hg as
measured by the MDN program.
The Tekran and MDN data are presented and compared to other
rural datasets in New York and other urban data sets from locations
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in New Jersey. The Hg and related pollutant data are summarized
and diurnal, seasonal and year to year patterns are presented.
Additionally, trajectory analysis and pollution roses are used to
provide an indication of source regions for each of the Hg species
impacting these sites.
These ongoing measurements were initiated with support from an
EPA Local-Scale Community Monitoring Grant to provide baseline
mercury concentrations to assess the effects of recently implemented
emission reductions in the region. The Department is anticipating
receiving support from the Great Lakes Commission (GLC) to
continue this monitoring program. New York and other states in the
Great Lakes region have implemented their own strategies, focusing
on coal-fired electric generation facilities and other sources. The
data prior to 2010 will be used to provide information on reference
baseline ambient mercury levels, and subsequent data collection will
be used to track the effects of mercury emission reductions in the
region.

TG7-P11
AN EXPERIMENTAL INVESTIGATION OF METALLIC
MERCURY SOLUBILITY IN ARGON AND NITROGEN IN
THE PRESSURE RANGE 1-200 BAR FOR TEMPERATURES
UP TO 200°C
1
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FENIOU, R. , TESSIER, E. , ZHOU, H. , BOESINGER, C. ,
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BOUYSSIERE, B. , CARRIER, H. , FEBVRE, F.
(1) LCABIE, UMR 5254 and LFC-R, UMR 5150, r.feniou@etud.
univ-pau.fr (2) LCABIE, UMR 5254; (3) Total-CSTJF; (4) TIGF; (5)
LFC-R, UMR 5150; (6) TOTAL-GEN.
Mercury is an ubiquitous transition element which can be naturally
found in atmospheric, aquatic and terrestrial systems. However
some human activities can lead to an artificial contamination of
natural resources. Due to the mercury’s toxicity, the impact of
these contaminations need to be surveyed and particularly for
atmospheric ones.
In order to better understand the transfer of metallic mercury
in gas phase, an experimental system has been developed for the
determination of mercury’s solubility in different gases. The device
is able to work at temperatures up to 200°C in the pressure range 1
to 200 bar. The gas flow is controlled by a mass flowmeter and can
reach up to 105 mL/min. The experimental set up is constituted
of two main elements: a permeation cell of 8 ml where is leading
the gas contamination with mercury and a melting cell that can be
used to dilute the contaminated gas or to work simultaneously with
two different gases. In order to avoid the phenomenon of mercury’s
adsorption on the surfaces (tubes, cells, valves, pressure gauges), the
stainless steel has been chemically treated.
The mercury quantification in the gas has been done using a
preconcentration by double amalgamation on gold traps followed
by measurement with atomic fluorescence spectrometry. The
apparatus used for the analysis is the Sir Galahad II developed by PS
Analytical.
The experimental set up and the obtained data are presented and
discussed in detail. Pressure, temperature and gas flow velocity
effects on mercury’s solubility in Ar and N2 are discussed. These
first results permit to validate the experimental procedure and
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device and demonstrate its interest in studying mercury’s solubility
in other gases such as CO2, in the application of its underground
storage for example.

TS17-O5
CHARACTERIZING AIRBORNE MERCURY EMISSIONS FROM
GOLD SHOPS IN BRAZIL AND PERU
1
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FERNANDEZ, Luis E. , HABEGGER, Loren , PETERSON, David
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5
P. , BRASS, Brian , ENGLE, Marilyn
(1) Carnegie Institution for Science, Department for Global Ecology,
luisf@stanford.edu (2) Argonne National Laboratory, Environmental
Sciences Division; (3) Argonne National Laboratory, Biosciences
Division; (4) National Institute of Standards and Technology; (5) US
Environmental Protection Agency, Office of International and Tribal
Affairs.
Artisanal and small scale gold mining (ASGM) is responsible for
large releases of mercury to the atmosphere. Small scale retail
gold buying and refining facilities (commonly referred to as “Gold
Shops”) are responsible for a significant part of these airborne
releases, and are considered to be the single most important source
of urban and semi-urban mercury emissions in regions with small
scale gold production. Detailed quantitative data on the character of
these gold shop emissions have been lacking. This paper provides
a comprehensive characterization of airborne mercury emissions
from ASGM gold shops in major gold producing regions in Brazil
and Peru.
The results of a suite of studies examining the mercury aerosol and
vapor releases of gold shops in nine Amazonian and Andean gold
producing communities are presented. Ambient airborne mercury
concentrations, which indicate high levels of exposure to the general
public in these communities are also presented.

RG1-P25
IMPROVEMENT AND IMPLEMENTATION OF THREE
DIFFERENT TYPES OF DIFFUSIVE GRADIENTS IN THIN
FILMS (DGT) FOR MONITORING LEVELS OF DISSOLVED
MERCURY IN NATURAL RIVER WATER
1
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FERNÁNDEZ-GÓMEZ, Cristal , HINTELMANN, Holger ,
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BAYONA, Josep M. , DÍEZ, Sergi
(1) Institute of Environmental Assessment and Water Research
(IDAEA-CSIC), cfgqam@cid.csic.es (2) Trent University.
The Diffusive Gradients in Thin films (DGT) technique is an
operationally defined method to determine the dissolved fraction
of trace elements in water. The aim of this study was to develop this
technique for the measurement of the bioavailable mercury (Hg)
species in natural waters. For that purpose, three types of DGT
units (commercial (C-DGT), manufactured with agarose diffusive
gel (A-DGT) and manufactured with polyacrylamide diffusive
gel (P-DGT)) were tested under controlled conditions using an
2+
Hg solution both with and without dissolved organic carbon
(DOC). An acid digestion method using Aqua Regia was optimized
to efficiently digest the resin gel discs prior to dual stage gold
preconcentration and CVAFS determination. A good performance
was obtained for the three DGT types when deployed in a DOCfree Hg solution in the laboratory, and it was demonstrated that
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polyacrylamide gel does not accumulate Hg so it can be used as
diffusive layer for Hg sampling. When the DGT units were deployed
in an Hg solution containing DOC, logically the diffusion coefficient
of the Hg species in the diffusive layer decreased one order of
magnitude for the three DGT types, but also the performance of the
C-DGT type deteriorated significantly. Furthermore, the mass of
background Hg (blanks) in the commercial device was much higher
compared to the in-house manufactured units. In the light of these
results, the C-DGT samplers were discarded and the P-DGT devices
seemed to be the best choice for dissolved Hg determination, since
they provided the best correlation between the amount of Hg
2
accumulated in the resin and the deployment time (R = 0.990 and
2
R = 0.994, with and without DOC respectively), and its resin blanks
were the lowest. However, if handling very low Hg concentrations
in water, the A-DGT units might be better suited due to its slightly
higher uptake rate.

TS10-P12
ISOLATION AND CHARACTERIZATION OF BACTERIA
RESISTANT TO MERCURY COMPOUNDS TO EVALUATE
METHYLATION PROCESSES IN CONTAMINATED AREAS –
THE PARTICULAR CASE OF TAGUS ESTUARY
1

2

FIGUEIREDO, Neusa , SERRALHEIRO, Maria Luísa , LINO, Ana
3
4
Rosa , CARVALHO, Cristina
(1) Faculty of Farmacy, University of Lisbon, (2) Faculty of Sciences,
University of Lisbon; (3) Faculty of Sciences; University of Lisbon; (4)
Faculty of Farmacy - University of Lisbon.
In Tagus Estuary, one of the largest in Europe, has been showed a
high level of contamination by mercury, as a result of a historical
industrial discharge. High levels of inorganic mercury (II) (Hg)
and monomethylmercury (MeHg) have been reported in surface
sediments.
The objective of this study was the characterization of bacteria
isolated from the sediments of two hot spot of Tagus Estuary
(North Channel and Barreiro) and also Alcochete with lower
contamination. To accomplish this aim, the 50 cm core was
divided into 16 samples according to the depth of sediments.
Anaerobic and aerobic bacteria resistant to MeHg, especially sulfate
reducing bacteria (SRB), were isolated and further evaluated for its
susceptibility to Hg and MeHg by the determination of minimal
inhibitory concentration (MIC).
The results show the distribution of different type of resistant
bacteria along the depth, with a particular emphasis to the presence
of resistant SRB on the superficial area of the two hot spot areas,
-2
where the concentration of SO4 tend to be higher. The MIC values
of MeHg for aerobic bacteria ranged from 0.02 to 1.23μg/ml whilst
for Hg the MIC values were from 0.07 to 13.58μg/ml. Aerobic
bacteria isolated from the North Channel were the most resistant
(0.06-1.23μg/ml for MeHg; 0.68-13.6μg/ml for Hg).
For anaerobic bacteria the MIC values ranged from 0.04 to 62.80μg/
ml for MeHg and 0.42 to 135.8μg/ml for Hg. Anaerobic bacteria
from Barreiro presented more resistance (0.78-62.80μg/ml for
MeHg; 6.80-135.8μg/ml for Hg).
Biochemical studies are being performed in order to evaluate the
involvement of these bacteria in the cycle of mercury.
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MS20-P10
MERCURY RESEARCH IN THE BRAZILIAN AMAZON:
FROM RESEARCH, TO RESULTS SHARING, TO RESEARCH
1

1

FILLION, Myriam , MERGLER, Donna
(1) Centre de recherche interdisciplinaire sur la biologie, la santé,
la société et l’environnement (Cinbiose), Université du Québec à
Montréal, myriam_fillion@hotmail.com
Amazonian riverside communities have the highest reported
mercury (Hg) exposure in the world today. Hg input to the aquatic
environment occurs mainly through slash-and-burn agricultural
practices, gold mining activities and hydroelectric reservoirs. Fish,
which bioaccumulates and biomagnifies Hg, is a very nutritious
food for local populations and often the dietary mainstay. In this
region, human Hg exposure has been associated with motor, visual,
cardiovascular, cellular and immunological impairments in adult
fish consumers. Recently, omega-3 fatty acids have been associated
with beneficial effects on various visual and motor functions. In
light of such results, researchers have the responsibility to share
these findings with the communities involved in the research
process and with communities that could also be affected by this
problem, as well as with local authorities.
Researchers working in the Tapajós Region of the Brazilian Amazon
have been involved in Hg research since 1994, using an ecosystem
approach to human health. Every phase of data collection has
been followed by dissemination of results with the participant
communities and individuals. A major benefit of this approach
resulted from discussions with the villagers participating to
community meetings, which allowed the scientists to identify new
research questions and adapt and improve their research strategies.
When returning the results to participants, researchers face a
number of challenges. First, there is a need to distinguish population
vs. individual effects associated with Hg exposure. Second,
researchers need to inform the population about their findings
without alarming the people or saturating them with too abundant
information. Third, viable solutions need to be discussed with the
communities. These can be of short, medium or long term and
should be in harmony with the local reality. Fourth, research teams
need to adapt diffusion tools to the participants they are working
with. Finally, results have to be disseminated at the right moment
and to the right actors.
In order to facilitate the results dissemination phase of research
projects, scientists should be asked to plan this phase at the
beginning of a new study, and funding agencies should facilitate the
attribution of funds for these activities from the beginning of the
research process.

MG14-O11
VISUAL FUNCTIONS IN FISH-EATING COMMUNITIES OF
THE BRAZILIAN AMAZON
1

2

LARRIBE, Fabrice , GUIMARAES, Jean Remy D. , BARBOSA JR,
3
4
4
Fernando , MERGLER, Donna , FILLION, Myriam , LEMIRE,
5
4
6
Mélanie , PHILIBERT, Aline , FRENETTE, Benoît , WEILER,
7
7
Hope , DEGUIRE, Jason
(1) Département de mathématiques, Université du Québec à
Montréal, Canada, larribe.fabrice@uqam.ca (2) Laboratório de
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Traçadores, Instituto de Biofísica, Universidade Federal do Rio de
Janeiro, Brasil; (3) Laboratório de Toxicologia e Essencialidade
de Metais, Departamento de Análises Clínicas, Toxicológicas e
Bromatológicas, Faculdade de Ciências Farmacêuticas de Ribeirão
Preto, Universidade de São Paulo, Brasil; (4) Centre de recherche
interdisciplinaire sur la biologie, la santé, la société et l’environnement
(Cinbiose), Université du Québec à Montréal, Canada; (5) Axe santé
des populations et environnementale, Centre de recherche du CHUQ,
Université Laval, Canada; (6) École d’optométrie, Université de
Montréal, Canada; (7) Mary Emily Clinical Nutrition Research Unit,
McGill University, Canada.
Background
Visual functions are known to be sensitive to toxins such as mercury
(Hg) and lead (Pb), while omega-3 fatty acids (FA) and selenium
(Se) may be protective. In the Tapajós region of the Brazilian
Amazon, all of these elements are present in the local diet.
Objectives
Examine the associations between near and distant visual acuity,
near visual contrast sensitivity and color vision and biomarkers of
Hg, Pb, omega-3 FA and Se.
Methods
Biomarkers of Hg (hair, whole blood, plasma, urine), Pb (whole
blood), Se (hair, whole blood, plasma, urine), and omega-3 FA
(plasma total phospholipids) were measured. Optometrists carried
out complete visuo-ocular examinations. Near and distant visual
acuity, near visual contrast sensitivity and color vision were assessed
in 242 people (≥15 y) without cataracts or ocular pathologies.
Multiple linear and logistic regressions were used to examine the
relations between visual functions and the biomarkers, taking into
account age, sex, drinking, smoking and examiner.
Results
Near visual acuity was negatively associated with hair Hg and
positively associated with %DHA, with a highly significant LogHHg*age interaction term. Stratifying for age showed that while
young people presented good acuity, in mid-age people (40-66 y),
clinical presbyopia was associated with hair Hg (OR = 3.93 [1.25 –
14.18]) and %DHA (OR = 0.37 [0.11 – 1.11]). A similar age-related
pattern was observed for distant visual acuity in relation to blood
Pb, but the evidence was weaker. Reduced contrast sensitivity at
all spatial frequencies was associated with biomarkers of Hg, with
the strongest associations for urinary Hg, while the %EPA+DHA
was associated to better visual function. The intermediate spatial
frequency of contrast sensitivity (12 cpd) was negatively related to
blood Pb and positively related to plasma Se. Acquired color vision
loss increased with biomarkers of Hg and decreased with plasma Se
and to a lesser extent %EPA+DHA.
Conclusions
These findings suggest that the local diet of riverside communities
of the Amazon contain toxic substance that can have deleterious
effects on vision as well as nutrients and essential FA that can
improve visual function. The association with U-Hg requires further
investigation since it may reflect higher chronic exposures. In this
population with little access to eye care, a better knowledge of the
nutrient content and health effects of traditional foods would be
useful to minimize harmful effects of Hg and Pb exposure.
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RS4-O15
SOURCES, CHEMISTRY, AND DEPOSITION OF
ATMOSPHERIC MERCURY IN ARCTIC SPRING
1

1

2

FISHER, Jenny A. , JACOB, Daniel J. , HOLMES, Christopher D. ,
1
1
AMOS, Helen M. , CORBITT, Elizabeth S. , SUNDERLAND, Elsie
1
M.
(1) Harvard University, jafisher@fas.harvard.edu (2) University of
California, Irvine.
We investigate the chemistry and deposition of atmospheric
mercury to the Arctic surface in spring using observationallyconstrained bromine emission from sea ice as input to a global
mercury model. Bromine explosion chemistry plays a key role in
driving atmospheric mercury depletion events (AMDEs) in Arctic
spring. High bromine concentrations are frequently observed in the
Arctic boundary layer and are thought to arise from photochemical
debromination of sea salt accumulated over sea ice. This elevated
bromine induces rapid oxidation of Hg(0) to Hg(II), which can
subsequently deposit to the ice-covered Arctic Ocean where it may
become available for methylation and biological uptake upon ice
melt. A major source of uncertainty in this system is the bromine
source. We use observations from aircraft and surface sites to
constrain the emission of bromine from Arctic sea ice leads in
spring. With our improved estimate of the bromine source, we
simulate mercury chemistry and AMDEs in the Arctic using the
GEOS-Chem global chemical transport model, which includes an
atmospheric component coupled to land reservoirs and a dynamic
surface ocean. We evaluate our Hg simulation using a range of data
from aircraft (NASA ARCTAS) and surface sites (Alert, Zeppelin,
and Amderma) across the Arctic. Using GEOS-Chem, we quantify
deposition to snow and sea ice and assess the fate of mercury
deposited during AMDEs. We find significant reemission of Hg(0)
from the snowpack under sunlit conditions in spring and late
summer, with 60% of deposited mercury eventually reemitted to
the atmosphere. We evaluate the sensitivity of deposited mercury
to bromine emission, sea ice fraction, and anthropogenic mercury
emissions. Implications for input of mercury to the Arctic Ocean
upon sea ice melting will be discussed.

FG10-O6
HIGH RESOLUTION MERCURY, MONOMETHYLMERCURY,
AND DIMETHYLMERCURY PROFILES: EVIDENCE FOR
MERCURY METHYLATION IN SEDIMENT AND WATERS
ON THE CONTINENTAL MARGIN OF THE NORTHWEST
ATLANTIC OCEAN
1

2

FITZGERALD, William F. , HAMMERSCHMIDT, Chad R. ,
2
1
1
BOWMAN, Katlin L. , BALCOM, Prentiss , O’DONNELL, James
(1) University of Connecticut, william.fitzgerald@uconn.edu (2)
Wright State University.
Knowledge of sources and mechanisms for the production and
destruction of methylated mercury species in the oceans is of broad
scientific, environmental, and human-health related significance.
Thus, and given the limited information and knowledge regarding
Hg distributions and biogeochemistry between near-shore and
pelagic regions, we have been investigating processes and reactions
affecting the cycling of monomethylmercury (MMHg) in sediments,
biota, and waters over a broad portion of continental shelf and slope
of the northwestern Atlantic Ocean. Here, principal and unifying
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findings from three oceanographic cruises (2008–10) will be
presented. Gradients are evident for MMHg and dimethylmercury
(DMHg) on the shelf with substantial enhancements near the
sediments. These distributions suggest that both MMHg and
uniquely, DMHg, are produced and mobilized from deposits on the
continental margin. These inputs represent a potentially large source
of methylmercury to the marine environment including the open
ocean.
Upper ocean (< 1000 m) maxima in MMHg, DMHg, and total
Hg correlate with the oxygen distribution (e.g., minimum zone)
at remote stations on the slope. There are three potential and
complementary sources for these enhancements: (1) production
and release of methylmercury from shallow slope sediments (<
1000 m), (2) bacterially mediated Hg methylation in low O2 zones
of the water column, and (3) release of bioaccumulated Hg from
sinking particles upon remineralization in the O2 minimum. By
either mechanism, Hg substrates and methylmercury species will
have an anthropogenic component because methylation is occurring
at depths less than 1000 m. Deep water profiles show no evidence
for either sedimentary or hydrothermal sources of MMHg and
DMHg. Complementary investigations are examining biological
and geochemical controls on benthic MMHg production and efflux
to overlying water as well as the transport, bioaccumulation, and
transformation of MMHg in the water column.

WS12-O5
INCREASING MERCURY CONCENTRATIONS IN PERCH
(PERCA FLUVIATILIS) IN SOUTH-EAST NORWAY FROM
1991 TO 2008
1

1

FJELD, Eirik , ROGNERUD, Sigurd
(1) NIVA, eirik.fjeld@niva.no

Background
Mercury contamination of freshwater fish is a severe environmental
problem in Norway, and the EU health advisory maximum level of
0.5 mg/kg is often exceeded in perch (Perca fluviatilis) in remote
boreal lakes in the southeastern Norway. Long-range transported
atmospheric depositions of mercury are the main pollution source
to the watersheds in this area, and the depositions have likely
decreased since the beginning of the 1990s.
Purpose
To investigate if possible overall changes in the mercury levels in
perch have occurred from 1991 to 2008.
Material and Methods
Ten boreal lakes in southeastern Norway, first investigated in 1991,
were resampled in 2008. The lakes are without any known local
pollution sources. The mercury concentrations in fish caught in
2008 (N=211) were compared with results from 1991 (N=226).
Statistical significant differences between years were identified after
adjusting for differences in length (ANCOVA, post-hoc tests).
Results
The length adjusted mean concentration in the populations
increased with 63% from 1991 to 2008, from 0.27 mg/kg to 0.44 mg/
kg for a standard fish of 22 cm (arithmetic mean length) or ≈100 g.
For eight of the ten populations we proved a statistically significant
increase in the mercury concentrations (p < 0.05).
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Conclusions
Mercury concentrations in the studied populations has increased
substantially from 1991 to 2008. This is unexpected as the
atmospheric mercury depositions most likely have decreased during
the same period. Mercury in fish exists mainly as methylmercury,
and factors affecting methylation and mobilization of mercury, such
as a warmer and wetter climate, increased TOC (humic matter) in
runnoff and lake water, and also forestry, may have contributed to
the observed increase. We discuss our findings with respect to the
changes during the latest decades in these overall environmental
factors.

RS9-P11
MERCURY AND ORGANIC MATTER: LINKAGES AND
BREAKDOWNS ACROSS THE CALIFORNIA DELTA
1

1

2

FLECK, Jacob , ALPERS, Charles N. , STEPHENSON, Mark , GILL,
3
1
Gary , KRABBENHOFT, David
(1) U.S. Geological Survey, jafleck@usgs.gov (2) Moss Landing Marine
Laboratories; (3) Pacific National Laboratory.
Wetlands provide many important functions for ecosystems, but
they are also known sites for the formation of methylmercury
(MeHg), which poses a threat to human and ecosystem health.
The formation and concentration of MeHg has been linked to
organic matter (OM) concentration and quality in a wide variety
of natural systems. Because of this biogeochemical coupling,
understanding the linkages across OM and MeHg cycling can
provide insights into the processes controlling MeHg in the water
column. Over the past five years, the USGS and partners have
collected concurrent measurements of aqueous OM, mercury (Hg)
and MeHg in a wide range of wetlands within the Sacramento-San
Joaquin Delta ecosystem including tidal wetlands, impounded
flow-through wetlands, seasonal and permanent ponds, shorebird ponds and rice fields. Although OM and MeHg were tightly
coupled across the range of natural wetlands examined by this
study, relationships were widely poor and variable within and across
managed wetlands. Causes for the poor relationships were attributed
to several mechanisms including 1) the decoupling of OM and
MeHg production, 2) differing degradation rates and processes,
3) differences in algal activity and structure, and 4) differences in
the diffusive and advective exchange between the sediment and
water column. The information gathered through these studies
provides insights on the processes controlling MeHg production
and transport in wetland systems and suggests simple management
actions may be utilized to minimize Hg and MeHg exports to the
greater aquatic system.

MS18-P3
EPA’S MOBILE MERCURY MONITORING TOOLKIT
PROVIDES FAST, ACCURATE AND COST-EFFECTIVE
MERCURY MEASUREMENT
1

1

FORTE, Rey , RYAN, Jeff , JOHNSON, Travis
(1)US EPA, Forte.Reynaldo@epamail.epa.gov

1

The mobile mercury monitoring toolkit is a mobile laboratory,
including instruments and protocols, to accurately measure mercury
in fuel, ash, control byproducts, flue gas, and other effluents at coal
combustion sources. The toolkit gives researchers and regulators
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the analytical tools necessary to conduct cost-effective and timely
measurements that can aid the development of plant-specific
emissions factors, emissions inventories, and co-benefit assessments.
Sorbent traps are used to sample flue gas emissions. The sorbent
and other solids (e.g., coal, ash) from the combustion source are
analyzed using thermal desorption to measure the mercury content
of the source’s inputs and outputs. These measurements, combined
with process information (e.g., fuel calorific value and feed rate), are
used to calculate total mercury mass emissions and mass emissions
per unit of heat input (i.e., kg/trillion Btu, kg/petajoule).
EPA developed the toolkit protocols to support U.S. domestic
programs, but the instruments and protocols can easily be applied
to coal combustion sources in other countries. Because many
countries have a need for robust mercury emission inventories that
can be completed at comparatively low costs over a short period
(e.g., within one or two days for a facility), EPA believes the toolkit
has broad applicability around the globe. UNEP-sponsored projects
have deployed the toolkit in several countries, including Russia and
South Africa, to successfully measure mercury emissions from large
coal-fired power plants.

TG5-P2
PARTICULATE MERCURY EMISSIONS FROM
COMBUSTION OF BRAZILIAN COAL AND DOLOMITE
MIXTURES IN BENCH-SCALE CIRCULATING FLUIDIZED
BED
1

2

FOSTIER, Anne , BEHAINNE, Jhon J.R. , GOLDSTEIN
2
2
2
JR., Leonardo , PÉCORA, Arai A.B. , HORY, Rogério I. ,
2
MICHELAZZO, Paula A.M.
(1) Universidade de Campinas - UNICAMP, fostier@iqm.unicamp.br
(2) UNICAMP.
Emissions of particulate mercury (Hgp) originated from combustion
of the CE-4500 Brazilian coal previously mixed with dolomite were
measured in a bench-scale circulating fluidized bed (CFB) unit.
A procedure based on the Ontario Hydro method was adopted
to collect flue gas samples in a stack point located downstream a
fabric filter operating at temperatures lower than 80°C. Additionally,
mercury content was measured in both the bottom ashes of the
combustor and in the fly ashes trapped by the particulate control
device. The cold vapor atomic fluorescence spectrometry (CVAFS)
analytical technique was used to quantify the mercury in samples
obtained from eleven runs carried out at specific operational
conditions. Results showed that only 1% of the total Hgp emissions
were released to the atmosphere together with the flue gas. For
all cases analyzed, mercury concentrations in the fly ashes were
clearly higher than those in residual particles of the bed. The
experiments showed that the combination of CFB combustion and
fabric filter is an interesting alternative for controlling mercury in
coal combustion, specially when the particulate separator works at
relatively low temperature for retaining fly ash with some carbon
content. Additionally, for the operational conditions tested it was
p
not observed a significant relationship between Hg concentrations
and both, excess air used in the combustion and Ca/S molar ratio of
the fuel mixture.
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TS8-P12
IMPACTS OF DEFORESTATION ON MERCURY CYCLE IN
THE BRAZILIAN AMAZONIAN REGION.
1

2

FOSTIER, Anne Hélène , FORTI, Maria Cristina , JARDIM, Wilson
1
3
F. , CARVALHO, João
(1) UNICAMP, fostier@iqm.unicamp.br (2) INPE; (3) UNESP/INPE.
In the Amazonia, as in other forest ecosystems, mercury is present
as a result of natural mineral deposits, atmospheric deposition,
and regional anthropogenic sources of pollution, including gold
mining. Intact forests and soils within these systems serve as a
sink for mercury, diminishing or delaying its movement in the
environment and in the human food chain. In the Amazonian
6
-1
region deforestation rate was around 1.7 x 10 ha yr between 2000
and 2010 and biomass burning is generally used as the first step
of deforestation. How this high rate of deforestation and biomass
burning can impact mercury cycle was the aim of several studies
conducted in different places of the Amazonian region (Negro
river basin and different areas of the states of Amapá, Mato Grosso
and Acre) by our laboratory over a period of 10 years. Mercury
concentrations were determined in many compartments (air,
rainwater, throughfall, river water, sediment, fresh vegetation,
litterfall, soil, fish and human) allowing to calculate and to compare
Hg fluxes at the atmosphere/vegetation, vegetation/soil, soil/
atmosphere (deposition and emission) and soil/water interface in
forests and deforested areas. The factors involved in the mercury
immobilization/mobilization processes observed in forests and
deforested areas were also studied. This paper aims to present a
synthesis of these studies.

WS8-O8
IMPACTS OF DEFORESTATION ON MERCURY CYCLE IN
THE BRAZILIAN AMAZONIAN REGION.
1

TG7-P13
ELEMENTAL MERCURY EVASION FROM A BOREAL
PEATLAND SUPPRESSED BY LONG-TERM SULFATE
ADDITION
1

2
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FRITSCHES, Johannes , NILSSON, Mats B. , ALEWELL, Christine ,
3
2
4
BISHOP, Kevin , ÅKERBLOM, Staffan , OSTERWALDER, Stefan ,
2
SAGERFORS, Jörgen
(1) Univeristy of Basel, Johannes.Fritsche@unibas.ch (2) SLU; (3)
Uppsala University & SLU; (4) University of Basel.
We investigated the effect of increased sulfur deposition on the
evasion of TGM (total gaseous mercury) from a high-latitude
peatland using dynamic flux chambers during August 2009. For
this purpose we used a long-term field manipulation site on a boreal
peatland with plots of low and high levels of sulfate deposition (i.e.
3 kg/ha/yr “low” ambient deposition and 20 kg kg/ha/yr of “high”
deposition). The emission of TGM from the peatland surface was
generally low at all plots. Nonetheless, we found that emission to the
atmosphere from plots with ambient S deposition was significant
(1.40 +/- 0.78 ng m2/hr; mean +/- sd), but that TGM evasion was
completely suppressed ( 0.01 +/- 0.38 ng m2/hr) by 15 years of
S addition at rates of 20 kg ha/yr. Sampling of the soils on these
plots also revealed significant differences in the amount of total Hg
in the peat. The quantity of Hg-tot in plots subjected to ambient
-3
S-deposition was (2.9±0.2 μg dm ) while there was significantly
less Hg-tot on the plots subjected to the high level of S deposition
(2.4±0.2 μg/dm3). The results suggest that the S deposition to
peatlands not only influences the formation of MeHg, but also alters
the long-term balance of Hg in- and outputs.

2

FOSTIER, Anne Hélène , FORTI, Maria Cristina , JARDIM, Wilson
1
3
F. , CARVALHO, João A.
(1) UNICAMP, fostier@iqm.unicamp.br (2) INPE; (3) UNESP/INPE.
In the Amazonia, as in other forest ecosystems, mercury is present
as a result of natural mineral deposits, atmospheric deposition,
and regional anthropogenic sources of pollution, including gold
mining. Intact forests and soils within these systems serve as a
sink for mercury, diminishing or delaying its movement in the
environment and in the human food chain. In the Amazonian
6
-1
region deforestation rate was around 1.7 x 10 ha yr between 2000
and 2010 and biomass burning is generally used as the first step
of deforestation. How this high rate of deforestation and biomass
burning can impact mercury cycle was the aim of several studies
conducted in different places of the Amazonian region (Negro
river basin and different areas of the states of Amapá, Mato Grosso
and Acre) by our laboratory over a period of 10 years. Mercury
concentrations were determined in many compartments (air,
rainwater, throughfall, river water, sediment, fresh vegetation,
litterfall, soil, fish and human) allowing to calculate and to compare
Hg fluxes at the atmosphere/vegetation, vegetation/soil, soil/
atmosphere (deposition and emission) and soil/water interface in
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forests and deforested areas. The factors involved in the mercury
immobilization/mobilization processes observed in forests and
deforested areas were also studied. This paper aims to present a
synthesis of these studies.

TG4B-O7
MONITORING OF ATMOSPHERIC MERCURY IN REMOTE
AREAS OF CHINA
1

FU, Xuewu
(1) Institute of Geochemistry, Chinese Academy of Sciences, fuxuew@
gmail.com
Anthropogenic emission of mercury (Hg) has been increasing
for many years due to the fast increased energy consumption. In
order to assess the regional budget of atmospheric over China,
from May 2005, we carried out measurements of atmospheric Hg
in Mt. Waliguan (In Qinghai province, Northwest China, from Sep
2007 to present), Mt. Leigong (In Guizhou province, South China,
from May 2008 to May 2009), Mt. Changbai (In Jilin province,
Northeast China, from Oct 2008 to present), and Zhuzhang baseline
station (In Yunan province, Southwest China, from Nov 2009 to
present). Averaged Total gaseous mercury (TGM) concentrations
at Mt. Waliguan, Mt. Leigong, Mt. Changbai, and Zhuzhang station
-3
were 2.11 ± 1.05, 2.80 ± 1.51, 1.57 ± 0.54, and 2.56 ± 0.64 ng m ,
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respectively. Averaged fine particulate mercury (PHg, Hg bounded
to particulate matter with an aerodynamic diameter < 2.5 μm)
-3
and RGM concentrations were 8.8 ± 9.9 and 4.7 ± 3.1 pg m at
Mt. Waliguan and 37.9 ± 23.4 and 7.4 ± 5.9 at Zhuzhang station,
respectively. Generally, atmospheric Hg species in remote areas of
China were higher than those observed from North America, and
this corresponds very well with the large anthropogenic emissions
in China. Atmospheric Hg showed a clear regional pattern in
China with the descending order of South China, Southwest
China, Northwest China and Northeast China. Seasonal variations
in the four remote sites differed obviously. The highest seasonal
concentrations for atmospheric TGM were observed in winter for
South and Northeast China, autumn for Northwest China, Spring
for Southwest China. The temporal variations of atmospheric TGM
were controlled by regional emissions and long-range transport,
and atmospheric PHg and RGM were mainly affected by regional
sources.

RG11-P17
MERCURY CONCENTRATION IN MACROBRACHIUM
BRASILIENSE AND MACROBRACHIUM JELSKII (SHRIMP)
IN THE MADEIRA RIVER BASIN – OCCIDENTAL AMAZON
1

GALVÃO, Roberta Carolina Ferreira R C F , HOLANDA,
1
1
Igor Bruno Barbosa I B B , MUSSY, Marília Higino M H , DE
1
CARVALHO, Dario Pires D P , MIRANDA, Márcio Rodrigues M
2
1
R , BASTOS, Wanderley Rodrigues W R
(1) UNIR, roberta_biologa@yahoo.com.br (2) UFRJ.
Studies by several authors in the Madeira river basin indicate
high levels of mercury (Hg) in fish, however it is not observed
in the abiotic compartments. The Hg source to the study area in
the aquatic environment is antropic, like gold mining activities
that used mercury during the amalgamation process of gold, and
natural sources, like the Amazonian soils. Mercury in shrimp has
been studied by several authors for being bioturbed agents and
being part of the food chain transferring methyl-Hg along of the
chain, but the species of freshwater Macrobrachium jelskii and
Macrobrachium brasiliense have no commercial value. 502 shrimps
belonging of Macrobrachium brasiliense to were collected in August
2010 in Madeira river and 47 individuals of Macrobrachium jelskii
were sampled in the Jaci Paraná river, Madeira River’s tributary, in
the same period. Data collection was performed using a bottom
sweeping net (7 mm between adjacent nodes). At the laboratory,
the shrimps were identified and weighed on analytical balance and
digested in microwave equipment specific for digestion of samples
using H2O2, HNO3 and KMnO4. After digestion, the samples
Hg concentration was performed by AAS cold vapor generation
system with flow injection. The mercury concentration average
-1
in Macrobrachium brasiliense ranged from 0.020 to 0.070 mg.kg ,
-1
while in Macrobrachium jelskii ranged from 0.008 to 0.040 mg.kg .
The Hg concentration average in these species may be related to
total length (extremity of rostrum to posterior portion of telson)
of individuals, because the smaller specimens are those with the
highest Hg concentration average. It assigns preliminarily that this
may be related to the Hg losses by exoeskeleton’s elimination or
biological age dilution.
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RS4-O4
MERCURY IN THE ARCTIC TERRESTRIAL ECOSYSTEM
1

GAMBERG, Mary
(1) Gamberg Consulting, mary.gamberg@northwestel.net
The Arctic terrestrial ecosystem in general has low levels of mercury
and Arctic terrestrial wildlife is not currently at risk of mercury
intoxication. Of the Arctic terrestrial species studied, caribou and
mink have the highest concentrations of mercury reflecting their
relatively mercury-rich diets of lichens and fish respectively. The
Porcupine Caribou herd has been studied most extensively. Caribou
collected in spring tend to have higher mercury concentrations than
those collected in fall and both female mink and caribou tend to
have higher levels than males.
Although there is annual variation in mercury levels in the
Porcupine caribou, concentrations have not changed significantly
over the last two decades. The annual variation seems to be at least
somewhat cyclic and is likely driven by environmental factors.
Mercury concentrations in male and female caribou vary in similar
fashions, but with the males lagging behind the females by about
one year. This suggests that female caribou respond more quickly
to environmental factors and are therefore more sensitive (and
therefore vulnerable) to those particular environmental drivers.
Annual variations in mercury concentrations may be related to
the Pacific Decadal Oscillation, with caribou renal concentrations
decreasing when the index is in a negative mode and increasing
when the index is in a positive mode. Although limited work has
been done on mercury in Arctic wolves, the simple lichen-caribouwolf food chain can provide a valuable opportunity to explore the
movement of and potential biomagnification of mercury through
the Arctic ecosystem. A data gap exists with regard to mercury
levels and dynamics in Arctic insects and insectivores and should be
explored.

MG6-P6
MERCURY EXCHANGE FLUX AT AIR/SOIL INTERFACE IN
GOLD MINE AREA OF JIAPIGOU TOWN IN CHINA
1

1

GANG, Zhang , NING, Wang
(1) Northeast Normal university, zhangg217@nenu.edu.cn
Jiapigou gold mine is located in upstream Songhua River in the
northeast of China, where amalgam process has been applied as
the main smelting method for 180s until now that lead to lots of
problem of mercury pollution in the area. In the thesis application of
+
dynamic flux chamber with Zeeman RA915 was used to determine
the mercury flux between the soil and air of the three researched
points of Jiapigou town and Erdaocha and Erdaogou in April and
may in 2009. Furthermore, the total gaseous mercury (TGM)
have been determined around the typical gold mine and mineral
processing works. In the end the characteristics of the exchange flux
between soil and atmosphere and the TGM are analyzed.
The results show: The daytime flux between soil and air in Jiapigou
2
town is (7.26±47.33ng/(m •h)). But the daytime flux between
soil and air in Erdaogou and Erdaocha are exceptional, which is
concluded that the released mercury from the ambient working gold
mines in the researched area have disturbed the balance of mercury
exchange between the soil and air. However, The mean value of
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3

TGM in gold mine area in Jiapigou town is (64.91±33.47)ng/m ,
3
rather higher than that of Changbai mountain’s(3.22±1.78)ng/m in
the northeast of China and the northern hemisphere background
3
concentration(1.5~2.0 ng/m ), which show that the air has been
heavily polluted in the area due to the gold mining activities of
amalgam process.

TG10-P8
MERCURY SPECIATION IN COASTAL CALIFORNIA
BARRIER BEACH LAGOONS
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Coastal lagoons associated with ephemeral barrier beaches along the
California coastline are biogeochemically active ecosystems that also
provide important habitat for fish and birds. These lagoons are often
nutrient rich due to inputs from urban and agricultural sources and
restricted in terms of circulation. Sometimes these systems become
eutrophic and can be suboxic or anoxic during the dry season when
they are physically isolated from the ocean. Because the conversion
of inorganic mercury to bioaccumulative monomethylmercury
(MMHg) is primarily mediated by anaerobic bacteria, coastal
lagoon systems may be important areas of mercury methylation. To
evaluate this, we measured MMHg and total mercury (HgT) in water
2
samples from Malibu Lagoon, a 31 acre (0.12 km ) urban-impacted
lagoon in Southern California. During dry season conditions (July),
we sampled three water types over a 10-hour period: (1) surface
water grab samples from Malibu Lagoon; (2) submarine ground
water from a shallow (~3 meter) piezometer installed down gradient
from the lagoon; and (3) coastal ocean water grab samples from the
adjacent surf zone. The average MMHg concentration in unfiltered
Malibu Lagoon surface water (2.3 pM) was ~5 times higher than
the average MMHg concentration in unfiltered submarine ground
water (0.43 pM) and ~18 times higher than the average MMHg
concentration in unfiltered coastal ocean water (0.13 pM). MMHg
concentrations did not change in response to tidal fluctuations. The
average HgT concentration in unfiltered Malibu Lagoon surface
water (8.7 pM) was also elevated relative to average unfiltered HgT
concentrations in surf zone water (4.4 pM) and ground water (3.2
pM); however the HgT concentration differences were not as notable
as those reported for MMHg. We also collected dry season (July)
surface water grab samples from Younger Lagoon, an approximately
2
14 acre (0.06 km ) agriculturally-impacted coastal lagoon in
Central California. Initial results suggest that unfiltered MMHg
concentrations in that lagoon (2.3 to 4.9 pM) are elevated relative
to typical MMHg values for coastal ocean water. In summary, these
data suggest that mercury methylation is enhanced in some barrier
beach lagoon systems and may thus play an important role in
nearshore Hg speciation and budgets.

MG2-P3
VARIATIONS IN STABLE ISOTOPE FRACTIONATION OF
HG IN FOOD WEBS OF ARCTIC LAKES
1
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3
MUIR, Derek
(1) W-CIRC, Environment Canada, U. of Victoria, Victoria, BC,
Canada, gantnern@uvic.ca (2) Department of Chemistry, Trent
University, Peterborough, ON, Canada; (3) Water Science and
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Biotic and abiotic fractionation of mercury (Hg) isotopes has
recently been shown to occur in aquatic environments. We
determined isotope ratios (IRs) of Hg in food webs (zooplankton,
chironomids, Arctic char) and sediments of 10 Arctic lakes from
four regions and investigated the extent of Hg isotope fractionation.
Hg IRs were analyzed by multicollector inductively coupled
plasma mass spectrometry (MC-ICP/MS). Hg mass independent
199
fractionation (MIF; Δ Hg) and mass dependent fractionation
202
(MDF;δ Hg) were calculated and compared among samples. IRs
of Hg in sediment were characterized mainly by MDF and low
199
MIF (Δ Hg -0.37 to 0.74‰). However, all biota showed evidence
199
of MIF, most pronounced in zooplankton (Δ Hg up to 3.40 ‰)
199
and char (Δ Hg up to 4.87‰). Zooplankton takes up highly
fractionated MeHg directly from the water column, while benthic
organisms are exposed to sedimentary Hg, which contains less
13
fractionated Hg. As evidenced by δ C measurements, benthic
chironomids make up a large proportion of char diet, explaining in
part why MIFchar<MIFzooplankton in lakes, where both samples
were measured. Hg IRs in char varied among regions, while char
from lakes from each region showed similar degrees of MIF. A
MIF-offset was derived representing the mean MIF difference
between sediment and fish, and indicated that fish in two regions
retain sediment signatures altered by a consistent offset. Due to its
minimal lake to-catchment area and very high water retention time
(~330 years), the meteor impact crater lake (Pingualuk) reflects a
“pure” atmospheric Hg signature, which is modified only by aqueous
in-lake processes. All other lakes are also affected by terrestrial Hg
inputs and sediment processes. We will be discussing our recent
findings and discuss future applications of IRs in the context of the
Arctic environment.

RS4-O9
COMPARISON OF MERCURY CONCENTRATIONS IN
LANDLOCKED, RESIDENT, AND SEA-RUN FISHES FROM
NUNAVUT, CANADA
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Department, University of New Brunswick, Saint John, NB, Canada;
(3) Water Science and Technology Directorate, Environment Canada,
Burlington, ON, Canada; (4) Freshwater Institute, Fisheries and
Oceans Canada, Winnipeg, MB, Canada.
Arctic char (Salvelinus alpinus) and lake trout (Salvelinus
namaycush) are the second most frequently consumed country
food in Inuit regions of Canada, and can represent up to 35% of
human Hg intake. Previous research has shown that concentrations
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of mercury ([Hg]) in Arctic fishes may vary with life history, such
that landlocked fishes have higher [Hg] than anadromous (sea-run)
fishes. Results from survey studies indicate that anadromous Arctic
char have lower [Hg] than landlocked Arctic char. Comparisons
based on survey results have often been confounded by large spatial
scales and have not allowed concurrent investigations of covariates
that affect [Hg], such as feeding ecology and growth rate. Also,
previous comparisons of [Hg] among fish life history types in the
Canadian Arctic have not included data from partially anadromous
populations (where anadromous and freshwater-resident individuals
occur in sympatry), and have not included comparisons among
recently-described life history types of lake trout. We recently
investigated how [Hg] and covariates of [Hg] (including age,
15
13
size, C:N (an indicator of lipid), δ N, and δ C) differed among
anadromous (sea-run), resident (marine access but do not migrate),
and landlocked (no marine access) Arctic char and lake trout. Using
data from 10 lakes in the West Kitikmeot, Nunavut, Canada, we
found that [Hg] varied between species and life history types. At
a standardized fork length of 500 mm, lake trout had significantly
higher [Hg] (mean 0.17 μg/g wet weight) than Arctic char (0.09
μg/g). Anadromous and resident Arctic char had significantly lower
[Hg] (each 0.04 μg/g) than landlocked Arctic char (0.19 μg/g).
Anadromous lake trout had significantly lower [Hg] (0.12 μg/g)
than resident lake trout (0.18 μg/g), but there was no significant
difference in [Hg] between landlocked lake trout (0.21 μg/g) and
other life history types. Significant differences in [Hg] were best
explained by age-at-size and C:N ratios; [Hg] was significantly and
negatively related to both of these covariates, and species-life history
types that were younger-at-size and/or had higher C:N tended to
have lower [Hg]. Several species of Arctic fishes have plastic life
histories that respond to environmental conditions. Our results
indicate that life history-based differences in growth and proximate
composition result in significant intraspecific variability in [Hg].
This variability must be taken into account when modeling Hg
bioaccumulation, conducting human health risk assessments, and/
or developing human consumption guidance.

RG15-P5
FOOD WEB TRANSFER OF MERCURY IN 18 LANDLOCKED
ARCTIC CHAR LAKES IN THE CANADIAN ARCTIC
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Concentrations of mercury (Hg) have increased slowly in
landlocked Arctic char over a 10- to 15-year period in the Arctic.
Fluxes of Hg to sediments also show increases in most Arctic lakes.
Correlation of Hg with trophic level (TL) was used to investigate
and compare biomagnification of Hg in food webs from lakes in the
Canadian Arctic sampled from 2002 to 2007.

benthic invertebrates, and Arctic char of varying size-classes.
Trophic magnification factors (TMFs) were calculated for the food
web in each lake and related to available physical and chemical
characteristics of the lakes. The relative content of MeHg increased
with trophic level from 4.3 to 12.2% in periphyton, 41 to 79% in
zooplankton, 59 to 72% in insects, and 74 to 100% in juvenile and
13
adult char. The d C signatures of adult char indicated coupling
with benthic invertebrates. Cannibalism among char lengthened
the food chain. Biomagnification was confirmed in all 18 lakes, with
TMFs ranging from 3.5±1.1 to 64.3±0.8. Results indicate that TMFs
and food chain length (FCL) are key factors in explaining interlake
variability in biomagnification of [Hg] among different lakes.

TS16-P21
SOURCE AND TRANSPORT OF MERCURY IN THE BAY OF
VIDY, LAKE GENEVA, SWITZERLAND
1
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(1) University of Geneva, elena.gascon@unige.ch
Elevated concentrations of mercury found in the sediments
of the Bay of Vidy renders this area a hot spot in Lake Geneva
(Switzerland). This persistent loading of mercury to the bay is
due to the effluent of the Waste Water Treatment Plant (WWTP)
of the city of Lausanne. Previous studies have shown a higher
concentration of total mercury and methylmercury near the
WWTP outlet pipe as compared to sampling points further from
the outlet pipe. This study attempts to determine i) the dispersal of
mercury from the lake coastal zone to the deep lake, ii) the main
currents responsible for sediment focusing in this area, and iii)
the fate of mercury deposited in the bay. Surface sediments were
collected around the WWTP effluent, and towards the deepest part
of the lake. Subsequent analyses comprised total mercury (THg),
methylmercury (MHg), grain size, and organic matter. Similar
analyses were performed to sediment trap particles collected
over a period of one year, on a monthly basis, at two sites off the
bay. Finally a sediment core has been retrieved from the bay to
reconstruct the Hg history.
Results show a clear impact of the WWTP, high Hg concentrations
(up to 12 mg THg/kg) being observed at the onset of the WWTP.
Although current mercury concentrations in the bay are lower than
those exhibited in the past, concentrations are still found to be high
around the WWTP outlet. Total mercury has been found to be 1.32
mg/kg around the outlet whereas the natural background of the
lake, prior to the implementation of the WWTP, was 0.04mg/kg, and
concentrations observed in the major lake sediment surface were 0.2
mg/kg. Moreover, THg and MHg results from both sediment surface
and settling particles aid in identifying possible remobilization of
mercury from the sediments to the water column and its subsequent
transport further deep, and/or the release of particle-bound mercury
from the WWTP.

Concentrations of Hg (total Hg and methylmercury [MeHg])
in food webs were compared across longitudinal and latitudinal
13
15
gradients in relation to d C and d N in periphyton, zooplankton,
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RG14-O3
A FRAMEWORK TO REDUCE MILD MENTAL
RETARDATION IN CHILDREN EXPOSED IN-UTERO TO
MERCURY
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GASKIN, Janet , COYLE, D. , RENNIE, C.
(1) University of Ottawa, jgask035@uottawa.ca (2).
A framework is proposed to reduce mercury accumulation in
infants’ brains from all sources of mercury exposure to pregnant
mothers. The risk science concerning mild mental retardation
in children from exposure to mercury will be detailed and
interventions proposed to reduce these mercury exposures using
the McLaughlin framework for population health risk assessment.
Mild mental retardation in children has occurred as a result of
foetal exposure to mercury through transport of mercury across
the placenta from pregnant mothers with mercury levels previously
considered safe. The general public’s highest exposure to mercury
is from mercury dental amalgam fillings, while methylmercury in
fish is the greatest exposure for subgroups that eat contaminated
fish as their primary source of protein. Elucidation of the biological
mechanism of absorption of mercury, and its subsequent transport
and metabolism, explains how inorganic mercury accumulates
in the brain following exposure to any species of mercury. The
developing brain of a foetus is especially susceptible. In 1999, the
US EPA mandated the removal of thimerosal, a mercury containing
preservative, from all vaccines given during early childhood to
protect healthy development of the brain in children. However,
pregnant women and young children are still exposed to other
forms of mercury that could result in similar levels of mercury in
the brain and thus have the potential to damage brain development
of infants. The interventions proposed in this study would reduce
mercury exposures from all sources to women who are planning
to become pregnant and to young children. Screening would be
used to identify the susceptible subgroups, those with higher blood
mercury levels or having the mercury sensitive APOEe4 genotype.
Those in the susceptible subgroups would have their mercury
exposure reduced through removal of mercury fillings, through
recommendation to have only the mercury-free flu vaccine, and
advice to avoid eating fish with high mercury content, such as tuna.
This study presents an economic analysis of the costs and benefits
of interventions to reduce mercury exposures in women who are
planning to become pregnant in order to reduce the occurrence of
mild mental retardation in children exposed to mercury in-utero.

from anthropogenic sources have led to a significant increase in
environmental exposure and deposition.
This study was performed to determine background level of
mercury concentration in natural waters of lakes in Latvia, along
with evaluation of different sample pre-treatment methods.
Mercury was analyzed in water samples collected from several
lakes in Latvia. The mercury concentration was determined using
mercury analyzer RA-915+ together with RP 91 attachment. The
principle of operation of RP 91 attachment is based on reduction
of Hg (II) to the atomic state by reducing solution and then
transporting mercury atoms to the analytical cell by air flow
(Cold Vapor Atomic Absorption Spectroscopy – CV-AAS). High
sensitivity of RA-915+ analyzer allows determination of mercury
without mercury accumulation on a sorbent, and in combination
with RP 91 attachment such system allows Hg determination in
water down to concentrations as low as 0,5 ng/l. The measurement
time for a single sample is ~1 minute.
Prior to the measurements, the samples were digested using two
different methods: (1) with a dilute potassium permanganatepotassium persulfate solution, or (2) with a potassium bromatepotassium bromide solution. After oxidation, the samples were
sequentially pre-reduced with NH2OH∙HCl. The Hg(II) in the
digested water sample was reduced with stannous chloride to
elemental mercury which was purged from the sample and detected
by atomic absorption spectrometer. Mercury concentration was
determined in non-digested samples, too. The comparison of the
results will be shown.
The overall results show that mercury concentration in lakes of
Latvia does not exceed 5 ng/l.
Acknowledgments
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MG4A-P16
COINCIDENT TRENDS OF MERCURY AND
SULFATE CONCENTRATIONS IN WET DEPOSITION
MEASUREMENTS FROM THE NATIONAL ATMOSPHERIC
DEPOSITION PROGRAM (NADP)
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DETERMINATION OF MERCURY CONCENTRATION IN
NATURAL WATERS FROM SEVERAL LAKES IN LATVIA
USING CV AAS ON RA-915+ MERCURY ANALYZER
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zanda.gavare@gmail.com (2) Latvian Institute of Aquatic Ecology.
The toxicity of mercury and its organic and non-organic compounds
is well known for a long time. However, mercury pollution in
different parts of ecosystem and wildlife still is a very important
problem. Mercury is not usually found free in nature and, though
it is released by some natural processes too, additional releases
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GAY, David , LEHMANN, Christopher
(1) National Atmospheric Deposition Program, dgay@illinois.edu
Data from the National Atmospheric Deposition Program/Mercury
Deposition Network (NADP/MDN) indicate significant trends
have occurred in the deposition of mercury in certain regions of
the United States (U.S.). The NADP/MDN was founded in 1995
to assess long-term spatial and temporal trends in mercury wet
deposition, and currently consists of 112 monitoring locations
across the U.S. and Canada.
The deposition of mercury to aquatic environments is of concern
due to bio-accumulation of mercury in the food chain, with
field studies suggesting recent mercury may be more readily
incorporated. Research has also shown that sulfur species in aquatic

107

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
systems may enhance the methylization potential of aquatic systems.
Since both Hg and sulfur are emitted through coal combustion, and
that oxidized forms of both are deposited as wet deposition, it is
important to investigate the relationship between the two.
This study provides a statistical trends analysis (Regional Kendal
Trends Test) of long-term mercury wet deposition and their
relationship with trends in sulfate deposition, and coincident trends
across seasons and regions using collocated data from the NADP’s
National Trends Network (NADP/NTN). Rank correlation is
evaluated between mercury and sulfate concentrations to determine
the relationship between these species.

week), however, the coarse fraction was more soluble in Grand Bay
water (up to 78%) than in Escatawpa River water (as low as 28%).
When the solubilization data are coupled with deposition velocities,
the results suggest that large (>10μm) aerosols are the dominant
source of Hg to the study area, contributing twice as much Hg as all
other size fractions combined.

FG10-O4
DEPOSITION OF MARINE HG THROUGH THE
PALEOCENE-EOCENE THERMAL MAXIMUM
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ASSESSING INPUTS OF PARTICULATE MERCURY TO
COASTAL AQUATIC ECOSYSTEMS
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While it is recognized that the U.S. Gulf Coast region receives
relatively high mercury (Hg) wet deposition, the contribution of
Hg from dry deposition is less well constrained. Previous studies
suggest that reactive gaseous Hg (RGM) may adsorb onto rapidlysettling, coarse (≥2.5μm) sea salt aerosols which are abundant in
coastal settings (Engle et al., 2008, Appl Geoch. 23, 419). What is
unclear is the fate of this particulate Hg once it deposits onto an
aquatic ecosystem where it can potentially become methylated and
bioaccumulate. To address this question, in May, 2010, atmospheric
particulate matter (PM) was collected along the Mississippi Gulf
Coast, USA in coarse and fine (<2.5μm) fractions, for two thirtyhour intervals. The PM-bearing filters were then incubated for
periods ranging from 1 hour to 1 week in aliquots of two “end
member” surface waters: Grand Bay water (approx. 70% marine
water, 30% fresh water); and Escatawpa River water (high DOC,
acidic black water). Following incubation, the PM-filters and water
samples were analyzed for particulate and methyl-Hg at the USGS
mercury laboratory in Middleton, Wisconsin. In addition to the
Hg analyses, a set of 10 fractions of PM, ranging in aerodynamic
diameter from <0.18 to >18 μm, was collected over the course of the
study and analyzed for trace elements.
Trace element enrichment factors were calculated to infer their
likely source (anthropogenic vs. geogenic). When these results
are combined with size segregated profiles, it appears that the
fine fraction is dominated by particles formed by condensation
of combustion sources whereas the coarse fraction is dominated
by mechanically derived particles such as sea salt and crustal
material. Mercury was leached more readily from the filters into the
Escatawpa River water than into the Grand Bay water for both the
fine and coarse fractions. In each case the soluble portion of the fine
fraction (up to 61%) reached near steady state Hg concentrations
after only one hour of incubation. Over the longer incubation (t = 1
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The Paleocene-Eocene Thermal Maximum (PETM) (55.8 Ma)
marks a global climate excursion during which surface and bottom
o
water temperatures increased by more than 5 C, the carbonate
compensation depth shoaled to <2000 m, and the marine oxygen
minimum zones expanded. Here, we investigate the effects of
this global warm period on marine Hg deposition. We compared
the Hg concentrations in continental margin and open ocean
sediments deposited prior to, during, and through the recovery
period following the PETM climate excursion. During the
warming period, Hg concentrations in continental margin ODP
Leg 174AX Bass River core sediments increased from 14 to 30 ng/g
18
2
13
2
correlated with published δ O (r = 0.82) and δ C (r = 0.59)
values. Additionally, since published sedimentation rates at Bass
River quadrupled through the warming interval, we estimate that
the Hg mass accumulation rate increased from ~50 to ~400 ng/
2
cm /ky as the climate excursion intensified. Open ocean Walvis
Ridge (ODP Leg 208 site 1262) sediment Hg concentrations also
increased, but remained extremely low. Sediments deposited before
and after the PETM had Hg concentrations below the ~0.25 ng/g
detection limit (combustion CV-AAS). Clay-rich PETM sediments
in the Walvis Ridge core had measurable Hg concentrations ranging
from 1.0 to 2.0 ng/g. Unlike the continental margin however,
studies have determined that sedimentation rates at Walvis Ridge
decreased through the climate excursion. In the peak of the PETM,
2
we estimate a Hg mass accumulation rate of only < 3 ng/cm /ky
at Walvis Ridge. Studies have shown that both open ocean and
continental margins experienced suboxic conditions during the
PETM, but that mid-latitude continental margins were important
organic C sinks while open ocean sediments had very low organic
matter deposition. Elevated Hg deposition in continental margin
sediments through the PETM is consistent with enhanced Hg
delivery by organic matter. By virtue of being sinks for organic
C, continental margins also were likely important sinks for Hg
through the PETM. We assert that the organic matter cycle has a
larger influence on the Hg cycle than do ambient redox conditions
and we suggest that any effects of global climate change on the Hg
biogeochemical cycle will be associated with changes in the organic
carbon cycle.
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TS10-P7

RG8-P17

SULFATE-REDUCING PROKARYOTES COLONIZING
ROOTS OF AQUATIC MACROPHYTES: OCCURRENCE,
IMPACT ON MERCURY METHYLATION AND
ENVIRONMENTAL RISKS ASSESSMENT.

MERCURY BIOACCUMULATION ALONG FOOD WEBS
IN AQUATIC ECOSYSTEMS COLONIZING BY AQUATIC
MACROPHYTES IN THE LANDES AREA (SOUTH WESTERN
FRANCE).
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Sulfate reducing prokaryotes (SRP) are involved in the mercury
biogeochemical cycle through mercury methylation and
demethylation. Most of the activity of the SRP takes place in
sediments where methylmercury is stored and may be a further
source of contamination for food webs. Recent studies showed that
SRP colonize aquatic plants roots biofilms in the water column.
Since these biofilms accumulate metals through adsorption on
inorganic and organic particulate material, the activity of SRP
in such matrix can be a contamination source for food webs
(suspension feeders or grazers). Indeed, many studies, conducted
in tropical environments, showed high mercury methylation and
demethylation potentials in such water-roots interfaces. However,
plant roots-SRP associations and their impact on mercury
bioaccumulation are poorly documented in temperate ecosystems.
In south western France, several shallow lakes and coastal rivers
are colonized by invasive aquatic macrophytes (Ludwigia peploides,
Lagarosiphon major, Myriophyllum aquaticum), which cause
damage to aquatic ecosystems and may interact with mercury
biogeochemistry and bioaccumulation. Preliminary results already
indicated that mercury concentration in some fishes is close to
-1
the European toxicity norm (2.5 mg.kg dw). In the present work,
SRP occurrence and diversity as well as mercury methylation and
demethylation potentials are investigated in the sediments, the roots
biofilms and the water compartments from six different freshwater
to brackish ecosystems. SRP occurrence and diversity are first
assessed by T-RFLP based on the dsrAB genes. The use of a nestedPCR technique permitted the detection of SRP in all samples,
including the water bodies and plant roots. Incubations, realized
199
2+
201
+
with stable isotopes of mercury ( Hg , CH3 Hg ) demonstrate
mercury methylation and demethylation activities in sediments
and plant roots whereas they are undetectable in the water column.
In order to link mercury speciation and bacterial communities,
SRP diversity is assessed by both molecular (cloning-sequencing
approaches) and high-through output cultivation methods in the
plant-root biofilms in three contrasting sites. SRP representatives are
isolated and tested for their mercury transformation potentials (i.e.
methylation and demethylation). The comparison between field data
and laboratory strain incubations allows a better understanding on
the mechanisms of mercury biogeochemical cycle in such aquatic
ecosystems. The SRP communities, their influence on mercury
speciation and thus the potential contribution of the plant roots
ecological niches on methylmercury net production in the water
column can be clearly evidenced in this work.
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(4) Chimie Analytique Bio Inorganique et Environnement (IPREM
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Mercury is considered as an important pollutant for aquatic
ecosystems since its organic form, i.e., methylmercury, is a strong
neurotoxic compound, easily bioaccumulated and bioamplified
along the food web. Methylmercury may originate from anaerobic
biological activities through sulfate and iron reducing prokaryotes.
These organisms colonize anoxic niches (sediments, hypolimnions
of stratified lakes) that are thus considered as methylmercury
sources for the ecosystems. Nevertheless, some studies demonstrate
the presence of sulfate reducers in biofilms developing at the
surface of aquatic plant roots in water bodies. The activity of
these microorganisms in such matrices, considered as a potential
food resource for fishes and invertebrates, could induce a direct
contamination of food webs, through suspension feeders (bivalves)
or grazing organisms (gasteropodes, fishes).
In south western France, invasive aquatic macrophytes (Ludwigia
peploides, Lagarosiphon major, Myriophyllum aquaticum) colonize
most of the lakes and rivers, cause damage to aquatic ecosystems
and disrupt leisure or tourism activities. In this context, we describe
the mercury contamination along food webs in five contrasting
environments colonized by different aquatic plants. This work
establishes original data concerning mercury and methylmercury
bioaccumulation in organisms (fishes, crustaceans and molluscs)
from these ecosystems, taking into account trophic levels of the
individuals and physico-chemical parameters. The results show a
significant level of total mercury in fishes, suggesting a production
and bioaccumulation of methylmercury. Some carnivorous or
omnivorous fishes exhibit mercury concentrations close (2.18
-1
mg.kg dw ± 0.77 in pike muscle, Esox lucius) or exceeding (4.23
-1
mg.kg dw ± 1.26 in eel muscle, Anguilla anguilla) the European
-1
toxicity norm (2.5 mg.kg dw). The trophic dynamic (feeding
relationships) can be clearly evidenced in some lakes whereas one
sampling site is characterized by higher mercury concentrations
in roach (Rutilus rutilus) in relation to their size and weight.
Based on this study, the risk areas for mercury contamination are
identified. The hypothesis considering aquatic plants and their
root-associated microorganisms as a main cause for mercury
bioaccumulation will be tested in microcosms in order to determine
their actual implication. Besides these results will also allow a better
understanding on the mercury biogeochemical cycle in aquatic
ecosystems.
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RS9-O5

TS16-O7

THE ROLE OF DOM, HG:DOM RATIO, SULFIDE
CONCENTRATION, AND KINETICS IN THE FORMATION
OF METACINNABAR-LIKE PARTICLES IN HG-DOMSULFIDE SYSTEMS

REMEDIATION OF HG-CONTAMINATED SEDIMENTS
WITH ACTIVATED CARBON

1

2

1

2

GERBIG, Chase A. , KIM, Christopher S. , STEGEMEIER, John P. ,
1
3
RYAN, Joseph N. , AIKEN, George
(1) University of Colorado Boulder, gerbig@colorado.edu (2)
Chapman University; (3) US Geological Survey.
Understanding mercury (Hg) speciation in systems containing
dissolved organic matter (DOM) and sulfide is necessary for
predicting the fate and transport of mercury in the environment.
We have developed a method to directly determine the speciation
of mercury at concentrations more environmentally relevant than
those in previous studies. The Hg:DOM ratio was low enough in
most experiments so that only the strongest mercury binding sites
in the DOM participate in mercury speciation. Mercury from
aqueous solutions containing DOM with and without sulfide was
concentrated on C18 resin and extended X-ray absorption fine
structure (EXAFS) spectroscopy was used to examine the local
mercury binding environment. In sulfidic systems we tested the
role of varying Hg:DOM ratio, sulfide concentration (1-100 μM),
equilibration times, and the DOM aromatic content by using a
variety of DOM isolates obtained from different sources. Systems
with the highest sulfide concentration and highest Hg:DOM ratio (>
-1
5 μg mg ; above the strong binding capacity of the DOM) showed
a mercury binding environment comprised of 3.3 sulfur atoms at
a distance of 2.53 Å, which is similar to metacinnabar (β-HgS(s);
four sulfur atoms at 2.53 Å) and distinctly different from mercurysulfide and mercury-thiol aqueous complexes (Hg-S distance of
2.3-2.4 Å). As the Hg:DOM ratio was decreased at a constant sulfide
concentration the number of sulfur atoms coordinating mercury
decreased, but the Hg-S bond distance remained constant. At two
different Hg:DOM ratios (one above and one below the strong
binding site capacity of the DOM) the sulfur coordination number
around mercury decreased with decreasing sulfide concentration,
but the Hg-S bond distance still resembled metacinnabar. Systems
with different DOM isolates showed different sulfur coordination
numbers but the Hg-S bond distance was consistently indicative
of a metacinnabar-like particle. Kinetics studies indicate that
the metacinnabar-like particles forms rapidly, and is insensitive
to Hg-DOM equilibration time. These results suggest that a
nanocolloidal metacinnabar-like species is stabilized by interactions
with DOM, even under conditions where both mercury and sulfide
concentrations are relatively low. The metacinnabar-like particle
becomes either smaller or less ordered with decreasing Hg:DOM
ratio and decreasing sulfide concentration.
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(1) U. Maryland Baltimore County, ughosh@umbc.edu (2)
Smithsonian Environmental Research Center; (3) Exponent; (4) Dow
Chemical; (5) DuPont.
There are few available in situ remediation options for Hg
contaminated sediments, short of capping. Since Hg risk in
moderately-contaminated sediments and soils derives mainly from
the bioaccumulation of methylmercury (MeHg), a reasonable
remediation goal in these areas can be to reduce the production
and bioaccumulation of MeHg, rather than to reduce total Hg
concentrations per se.
Activated carbon (AC) and other sorbents have been successfully
used to remediate PCBs and other organic contaminants in situ. The
mechanism is sequestration of these contaminants in a solid phase
that is less mobile and less bioavailable to organisms. Theoretically,
activated carbon should act in the same way to reduce MeHg
bioavailability, and perhaps also reduce Hg bioavailability for
microbial methylation.
We tested the ability of AC, plus a small set of other amendments,
to reduce Hg bioavailability in contaminated sediments using
sediment/water microcosms. Sediments from four contaminated
sites were tested, including 2 freshwater and two tidal sites. Total
Hg concentrations at the sites ranged from ~5-50 ppm, and MeHg
from 5 to 25 ppb. We followed sediment biogeochemistry, net
MeHg production, Hg and MeHg partitioning, and Hg and MeHg
accumulation in Lumbriculus over 14 days. Amendments were
mixed into sediments at concentrations of 1- 5% of wet weight, or
between 0.3 and 1 g of amendment per g of native organic matter in
the sediments tested.
Activated carbon was effective in reducing MeHg concentrations
in worms in all of the sediments tested. AC reduced MeHg
concentrations in porewaters, relative to unamended controls,
by 50-95%, a result of increased MeHg partitioning to the solid
phase. Pore water total Hg concentrations were also lower that
controls, but the effect was less pronounced. Bioaccumulation
of MeHg by Lumbriculus was reduced between 30 and 90%.
MeHg bioaccumulation across treatments and sites was strongly
correlated with porewater MeHg concentration; thus porewater
MeHg concentrations may serve as a good surrogate for MeHg
bioaccumulation.
Activated carbon can be physically mixed into sediments or added
to capping materials. These materials can also be added with little
physical disturbance by delivering them as pellets that will naturally
mix into sediments over time via bioturbation and advective water
flows. SediMite® is a patented technology for this delivery method.
We are currently testing AC-based SediMite in a number of field
trials.
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MG7-P48
MERCURY CONTAMINATION OF BIOTA IN IRAN: A SIXYEARS REVIEW
1

1

GHSEMPOURIA, Seyed Mahmoud , SARI, Abbas Esmaili ,
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ABDOLLAHZADEHB, Esmail , SHOOSHTARIA, Sharif Joorabian
(1) Department of Environment, Faculty of Natural Resources and
Marine Sciences, Tarbiat Modares University, (2) Department of
Fisheries, Faculty of Natural Resources and Marine Sciences, Tarbiat
Modares University.
Toxicological studies confirm that mercury, specially methyl
mercury, is a highly toxic component. This review article covers
major studies on mercury levels in several taxa contain human,
plants, wildlife and aquatic animals, which have been done in
Iran during the last decade. For this purpose, data regarding 83
treatments of 23 studies from a six-years period were collected and
were re-evaluated.
Animal tissues which studied including hair, feather, nails, muscle,
liver, kidney, spleen, gonad, skin and gills, various plant tissues (e.g.
roots, stems, leaves and seeds) also were investigated in different
geographical regions and nine provinces were sampled during the
studies period.
Oriental sole with 5.61 μg/g total Hg in muscle had shown the most
pollution among the Persian Gulf fishes. For avifauna, 9.25 μg/g in
kidney in great cormorant was the most and the highest mercury
level among mammals observed in Caspian seal hair (10.12 μg/g
dw). Minimum and maximum levels of mercury in hair in different
group of Iranian people, like pregnant women, dentists, students
were 0.07 μg/g and 53.56 μg/g.

MG14-P8
BIOMARKERS OF MERCURY EXPOSURE IN TWO
EASTERN UKRAINE CITIES
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Pathology, Washington, DC; (5) Georgetown University, Washington,
DC; (6) U.S. Geological Survey, Reston, VA.
This study evaluates biomarkers of mercury exposure among
residents of Horlivka, a city in eastern Ukraine located in an area
with geologic and industrial sources of environmental mercury.
Residents of Artemivsk, a nearby comparison city outside of the
mercury-enriched area were used as control subjects. Samples of
urine, blood, hair, and nails were collected from study participants,
and a questionnaire was administered to obtain data on age,
gender, occupational history, smoking, alcohol consumption, fish
consumption, tattoos, dental amalgams, home heating system,
education, source of drinking water, and family employment in coal
or mercury mines. Median biomarker mercury concentrations in
Artemivsk (n = 30) were 0.26 μg/g-Cr (urine), 0.92 μg/L (blood),
0.42 μg/g (hair), 0.11 μg/g (toenails), and 0.09 μg/g (fingernails);
median concentrations in Horlivka (n = 31) were 0.15 μg/g-Cr
(urine), 1.01 μg/L (blood), 0.14 μg/g (hair), 0.31 μg/g (toenails),
and 0.31 μg/g (fingernails). Biomarkers of mercury exposure for

WWW.MERCURY2011.ORG

study participants from Horlivka and Artemivsk not occupationally
exposed to mercury are low in comparison with workers at a
mercury recycling facility in Horlivka and in comparison with
exposures known to be associated with clinical effects. Blood and
urinary mercury did not suggest a higher mercury exposure among
Horlivka residents as compared to Artemivsk; however, three
individuals living in the immediate vicinity of the mercury mines
had elevated blood and urinary mercury, relative to overall results
for either city. For a limited number of residents from Horlivka
(N=7) and Artemivsk (N=4), environmental samples (vacuum
cleaner dust, dust wipes, soil) were collected from their residences.
Mercury concentrations in vacuum cleaner dust and soil were good
predictors of blood and urinary mercury.

TS16-P22
MANAGEMENT OPTIONS AT A MERCURYCONTAMINATED SITE AND ASSESSMENT OF
TREATMENT PERFORMANCE FOR THE STABILIZATION
OF MERCURY UNDER VARIABLE GEOCHEMICAL
CONDITIONS
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(1) University of Waterloo, bgibson@uwaterloo.ca (2) DuPont
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Mitigation strategies for contaminated sediment include monitored
natural attenuation, in situ capping, and sediment removal by
dredging operations. Although sediment removal prevents future
releases into the surrounding aquatic environment, dredging
operations may result in the resuspension of anoxic sediment and
induce the release of heavy metals through oxidative dissolution
processes. This study involved collection of core samples from
various locations within a mercury-contaminated lake which were
characterized using physical and chemical methods. Sequential
extraction analyses suggested that mercury is mainly present as an
organo-chelate or mercuric sulfide/selenide, with trace amounts
of water soluble mercury. Micro-X-ray absorption near edge
spectroscopy (μ-XANES) and micro-X-ray fluorescence (μ-XRF)
analyses using synchrotron-based radiation suggested a correlation
between mercury, selenium, and copper. Resuspension tests,
performed in both oxic and anoxic environments to assess the
effects of air entrainment during a simulated dredging operation,
showed that mixing under oxic conditions generally induced a larger
release of aqueous mercury compared to anoxic mixing, presumably
due to the oxidation of mercury-chelates and/or mercury sulfide/
selenide. Four different treatment media were assessed in batch
and column experiments for their potential to stabilize mercury in
the sediment. The treatment media were chosen to induce aqueous
mercury removal through either adsorption or chemical binding.
Experimental conditions, including reaction time, treatment media
mass, and redox conditions, were varied to evaluate treatment
effectiveness over a range of geochemical conditions. Results from
the batch experiments indicated a general mass dependence on
treatment effectiveness, with greater mercury removal observed
with increased treatment media mass. Aqueous mercury
-1
concentrations were reduced from > 800 ng L in a non-amended
-1
control sample to < 50 ng L in the amended samples. Results from
the column experiments indicated that the sediment did not release
environmentally-significant mercury concentrations in the column
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effluent if maintained under anoxic and constant flow conditions.
However, after column flow had been stagnated for prolonged times,
subsequent reinitiation of flow resulted in the release of elevated
concentrations of mercury. These increases in concentration were
not observed in the columns containing sediment co-blended with
elemental sulfur and iron or attapulgite clay following reinitiation of
flow.

MG4A-O1
ATMOSPHERIC MERCURY IN BERMUDA
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Recent studies have reported elevated mercury (Hg) concentrations,
above 0.5 ppm (higher than EPA guidelines), in fish caught
around Bermuda, where the population regularly consumes
fish. Elevated Hg levels in maternal cord blood of 41.3 nmol/L,
approximately 8 fold above the baseline exposure levels (5 nmol/L)
for North American populations have also been reported. This
has raised concern on possible adverse effects that may arise from
methylmercury (MeHg) toxicity. Most Hg in the ocean and other
remote locations comes from atmospheric sources. Given Bermuda’s
isolated location, it’s expected that fish MeHg levels would be low
even though there are local sources e.g. a waste incinerator. Rain and
air sampling was done on-shore and offshore on cruises, from 20082010. In addition, particulate samples were collected on a weekly
basis. The volume weighted average concentration in rain was 4.7
3
ng/L, while the levels in air range from 1.2-1.8 ng/m . On average,
3
particulate mercury was 12.4 pg/m . These values do not indicate
that the region is receiving highly contaminated atmospheric inputs,
and is reflective of the regional signal for the temperate northern
Hemisphere, as has been found for other metals and pollutants. The
levels in air are similar to measurements made in the open ocean.
The measurements in rain are comparable to the concentration
(5.6 ng/L) at Avery Point, a coastal site located in Connecticut,
on the shores of Long Island Sound. The level of particulate Hg is
comparable with data reported from a statewide survey carried
3
out in Connecticut (10.5 ng/m ). Further comparison will be made
to measurements made in urban and rural sites in the Southern
hemisphere: Cape Point and Pretoria, South Africa. The role of
air-sea exchange in atmospheric Hg cycling is supported and will
be explored based on an evaluation of underway dissolved gaseous
mercury (D.G.M.) measurements on the cruises. In addition, the
relative importance of local versus long-range sources will also be
examined and meteorological data used to establish possible sources
of Hg in wet deposition collected on Bermuda.

RG1-P30
QUANTIFICATION AND SPECIATION OF SUB-PPT HG IN
ENVIRONMENTAL WATERS BY HPLC-ICP-MS
1
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GILMOUR, Cynthia , MAIZEL, Andrew , RIEDEL, Georgia S.
(1) Smithsonian Environmental Research Center, gilmourc@si.edu
We present a method for extraction, pre-concentration and
2+
+
detection of sub-ppt levels of Hg and MeHg in environmental
waters and sediment extracts. This method combines existing
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2+

+

techniques to directly quantify inorganic Hg and MeHg at
environmentally relevant concentrations. It can also be paired
with species-specific isotope dilution to calculate methylation and
demethylation rates in many matrices. One goal in developing this
method is to improve species-specific assays of demethylation rates,
which are often measured by loss of MeHg, Direct measurement of
both substrate and product would be preferable.
In order to measure changes in enriched Hg and MeHg isotopes in
sediments by HPLC-ICP-MS, Hg species must first be efficiently
extracted from the matrix and brought a into solution that can be
loaded on an HPLC column. We are developing a method to do so
using acidic HCl/NaCl/thiol closed-vessel microwave extraction.
Thiol complexes are used to aid extraction, and to create Hg and
MeHg-thiol species that can be separated on a hydrophobic HPLC
column. The choice of thiol counter-ligand is critical. Goals in
choosing a ligand include extraction efficiency from the sample
matrix, good separation in reasonable run length by HPLC, and
elution of the MeHg-thiol complex before the Hg-dithiol complex.
The latter is important since Hg concentrations can be 10-100 or
more times higher than MeHg in many sediments and soils, and
MeHg peaks are difficult to quantify on the tail of a large inorganic
Hg peak. Mercaptobenzothiazole is a promising ligand that yields
neutrally charged Hg complexes which separate well on C-8.
Some preconcentration can be achieved by using a large volume
sample loop and preloading a short C-8 column. The preconcentration column is eluted onto the separation column with
5% isopropanol/0.05% mercaptobenzothiazole /0.05M acetate
buffer/94.5% water. Finally, Hg and MeHg in column eluent are
reduced and converted to the gas phase prior to direct gas injection
into the ICP torch. Gas-phase analysis improves detection limits
(DLs) over liquid analysis by 1-2 orders of magnitude. Reduction is
accomplished using borohydride flow injection, followed by a gasliquid separator.
With an absolute instrument DL of ~0.1pg (PE ELAN DRC II), this
+
+
approach gives a method DL of ~10 pg/L of MeHg and Hg when
a 10 mL sample in introduced. Methylation and demethylation
processes that occur during the microwave extraction process can
be monitored and corrected-for through the use of species-specific
isotope dilution.

TS12-P4
TEMPERATURE-DEPENDENCE OF HG METHYLATION
AND DEMETHYLATION IN FRESHWATER SEDIMENTS
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(1) Smithsonian Environmental Research Center, gilmourc@si.edu (2)
Reed Harris Environmental Ltd.
Temperature is an important variable in net MeHg production;
however, the influence of temperature on net MeHg production
has not been tested explicitly. Field data from studies in lakes in
Canada and Wisconsin in the 1980s suggested that microbial Hg
methylation in sediments is more sensitive to temperature than
demethylation (Furutani and Rudd, 1980; Korthals and Winfrey
1987), Further, methylmercury (MeHg) accumulation in fish
across lakes of different sizes suggests that lake temperature is a
strong driver of net MeHg production (Bodaly et al. 1993). In
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this study, we tested the temperature dependence of methylation
and demethylation experimentally in small sediment microcosms,
using sediments from Lake 658 in Ontario, and from Hamilton
and Toronto Harbours in Lake Ontario. We also examine large
datasets from a number of our own field studies for temperaturedependence relationships for both reactions, which can be
expressed as equations in simulation models. We hypothesize that
methylation rates are more sensitive to temperature change than are
demethylation rates, since energy conservation by sulfate-reducing
bacteria is low relative to most other microbial respiratory processes.
Demethylation appears to be widely distributed among microbes,
while methylation, as we know it, is restricted to sulfate- and iron
reducing bacteria.
Sediments from all three study sites were collected in fall 2010.
Five treatment temperatures were examined, from 5 – 30 degrees
C. Sediments were held in microcosms with overlying water at
each temperature for ~2 weeks. Water was changed frequently to
maintain electron acceptor concentrations. After 18 days, surficial
(0-5 cm) microcosm sediments were subsampled in a glove bag for a
suite of biogeochemical measurements. Gross mercury methylation
and demethylation were measured separately using enriched stable
isotope spikes. A suite of microbial processes, including sulfate
reduction, CO2 and CH4 production, was followed. Pore water and
solid phase chemistry were examined.

In all cases, the Hg partitioning among species (inorganic Hg(II),
0
MeHg and Hg ) and between cells, culture medium, bottle walls was
closely monitored. ND132 was used as a model strain because of
its high methylation rate. Ligands included small amino acids with
and without thiol moieties, and the thiols thioglycolate, DTE and
mercaptoethanol. MeHg production serves as a surrogate for Hg
uptake, as MeHg production is known to be intracellular.
All of the thiol-bearing ligands tested significantly increased MeHg
production by ND132 relative to unamended culture medium,
while non-thiol amino acids (his and met) did not. Similarly, all of
the thiols enhance Hg solubility, while his and met did not. MeHg
production was linearly correlated with the amount of inorganic Hg
in solution. In short-term (3h) washed cell assays, ND132 converted
almost 100% of the filterable inorganic Hg into MeHg. Differences
in MeHg production were not related to effects of the ligands on
cell activity. Almost all of the MeHg produced by cells was rapidly
excreted.
Small thiols appear to enhance Hg methylation by D. desulfuricans
ND132 at least in part by holding inorganic Hg in solution. Since
the thiols tested included compounds with a range of additional
functional groups, charge and size, it is unlikely that they enhanced
Hg uptake by stimulating specific amino acid transport mechanisms.

2

The temperature optimum for CO production was 25C in boreal
L658 sediments; but 30C in Lake Ontario sediments. Methane
production was more sensitive to temperature change than CO2
production, as expected. Sulfate reduction, Hg methylation and
MeHg degradation rates measurements are underway. Results are
being incorporated into a mercury cycling and bioaccumulation
model (D-MCM) to examine the effects of temperature and other
climate-related factors on mercury cycling and bioaccumulation.

TS10-P5
SMALL THIOLS ENHANCE MERCURY METHYLATION
RATES BY SULFATE-REDUCING BACTERIUM
DESULFOVIBRIO DESULFURICANS ND132 BY
ENHANCING HG SOLUBILITY
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In order to help understand mercury uptake mechanisms in Hgmethylating bacteria, we examined the effect of a variety of sulfurbearing Hg ligands and amino acids on methylmercury (MeHg)
production by Desulfovibrio desulfuricans ND132. Dissimilatory
sulfate-reducing bacteria (DSRB) are important mediators of this
process in anoxic sediments and soils, and all of the identified Hgmethylators are Deltaproteobacteria. The metabolic pathways and
genes involved in Hg uptake MeHg production by DSRB remain
poorly understood. The facilitated uptake of Hg bound to amino
acids has been proposed as an explanation for the ability to produce
MeHg. However, the role of amino acids and small thiols in Hg
methylation by DSRB has not been examined.
MeHg production experiments were conducted both in batch
culture and with washed cells in minimal medium. Cells were
grown up in pyruvate/fumarate medium reduced with TiNTA.

WWW.MERCURY2011.ORG

TG5-P9
MECHANISMS OF MERCURY AND SELENIUM
SEQUESTRATION FROM FLUE GAS DESULFURIZATION
(FGD) WATERS USING ANAEROBIC BIOLOGICAL
REDUCTION
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EPRI.
Flue-gas desulfurization (FGD) is used to sequester SOx from
stack gases of coal-fired power plants. Stack gases pass through a
calcium carbonate spray chamber, where SOx is trapped as solid
CaSO4 (gypsum). FGD can also capture flue gas Hg (as well as
Se) emissions from power plants. Mercury, Se and other elements
accumulate in FGD process waters, presenting a wastewater
treatment challenge to plant operators.
The Electric Power Research Institute is working with power plants
to develop and test technologies for FGD wastewater treatment.
One potential treatment approach is anaerobic biological reduction
systems.
We undertook a study to investigate the primary mechanisms of
Se and Hg removal in compost-based anaerobic columns Our
overall goals are 1) to examine the forms in which Hg and Se are
sequestered in bed materials, 2) to understand how the chemistry of
the treatment water impacts Hg and Se removal.
We used anaerobic sequential extractions to help characterize the
chemical forms of Hg and Se in bed materials from a column test
system at a power plant. We found that about 75% of both Hg and Se
were associated with organic matter, defined as material extractable
in KOH. A small fraction in the residual was soluble in HCl,
which represents amorphous FeS and carbonates. For Se, a small,
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but measurable fraction was CS2 extractable (elemental Se). The
remaining roughly 25% of both elements remained in the residual,
pyritic phase.
Flow-through laboratory columns packed with spent mushroom
compost were used to begin to characterize the chemical conditions
and microbial process that support Hg and Se sequestration.
Mercury retention by the columns began as soon as the columns
became anoxic; however sulfide production was not required for Hg
retention, nor did it enhance retention. Columns removed >99%
of Hg and reduced Hg in effluent to ~15 ng/L. Se retention ranged
from 80-95%, poor compared to Hg, but the data strongly suggest
that sulfate reduction and/or sulfide production is important from
the effective removal of Se, as the decline in Se is more pronounced
in the portions of the columns where sulfide is present. Thus,
measures to promote sulfate reduction (and sulfide production) may
be productive for Se removal.

MG7-O3
METAALICUS: MERCURY AND MEHG BUDGETS FOR
SEVEN YEARS OF HG LOADING TO LAKE 658, ELA,
ONTARIO.
1

2

The powerful isotope data suggest that most of the MeHg
accumulated in the lake’s lower food web is produced in
sediments and anoxic bottom waters within the lake. Spike Hg
that accumulated each year in bottom waters and led to MeHg
production appeared to be on average less than a few years old.
Spike Hg delivered to surface sediments became less available for
methylation over the same time frame. Spike MeHg production
resulted in the characteristic pattern of bioaccumulation in water
and biomagnification throughout the trophic levels leading to fish.
By 2007, the total Hg concentration in prey and predatory fish
species had increased by 50% and 40%, respectively, due to lake
spike loading, roughly mimicking the change in summer and fall
water column and lower food-web MeHg concentrations.
To summarize, we conclude that Hg entering L658 contributes
substantively to MeHg production and bioaccumulation for only a
few years. Thus the concentration of MeHg in lakes should respond
on the same time scale as the rate of change of Hg entering the lake.
The time to achieve benefits will depend on ecosystem conditions
that control how quickly loading declines following a change in Hg
deposition.
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The METAALICUS study is a whole-watershed mercury addition
study designed to directly examine the relationship between Hg
loading to ecosystems and MeHg bioaccumulation in food webs,
at Hg loading rates representative of atmospheric deposition.
Between 2001 and 2007, Lake 658 and its watershed (Experimental
Lakes Area, Ontario) were loaded with enriched stable mercury
isotopes, to roughly 6 times Hg wet deposition. Here we present the
final budgets for Hg added directly to the surface of L658 (termed
“spike”) between 2001 and 2007.
As has been presented previously, MeHg production and
bioaccumulation responded rapidly to a change in Hg loading to
L658. The 42 hectare L658 watershed contributes most of the natural
Hg load to 8 hectare L658, mainly as complexes with dissolved
organic matter. Addition of lake spike Hg roughly doubled Hg
concentrations in lake water during the spike period, which was the
stratified period during summer and fall. Roughly half of the Hg
spike we added to L658 was lost to evasion, linked to the fact that a
large fraction of the new spike remains in the epilimnion for most of
the summer. Most of the remaining spike was delivered to sediments
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in this lake with an average water retention time of 5 years.

MG7-P10
FOREST SOIL MERCURY FLUXES PRE AND POSTCLEARING IN UPSTATE NEW YORK
1

GITTINGS, Michael , CARPI, Anthony1
(1) John Jay College, mgittings87@gmail.com
Intact forests and soils within these systems serve as a sink for
mercury, diminishing or delaying its movement in the environment
and entry into the human food chain. Deforestation can release
mercury from these ecosystems as a result of the burning of
biomass or following the burn event, as emissions from exposed
soils. Margarelli and Fostier (2005) have shown that soil mercury
emissions from a deforested site in the Negro River Basin were
statistically higher than soil emissions from an intact forested area.
Thus, the liberation of mercury stored in forest soils may be an
important source of mercury in regional ecosystems. To further
investigate the impact of deforestation on soil mercury emissions,
we conducted a two week study in the Blackrock Forest in Cornwall,
NY. An intact site, covered with European and Japanese Barberry
(Berberis vulgaris and Berberis thunbergil), was studied for one week
with two Teflon dynamic flux chambers connected to a Tekran
Mercury Vapor Analyzer to obtain continuous background mercury
flux readings. At the start of the second week, vegetation was
removed from the plot by cutting, and emissions were monitored
for an additional week. Mercury flux during the pre-clearing period
2
averaged -1.88ng/m2/hr and showed peak emissions of 8.3ng/m /
2
hr. However, post-clearing flux values averaged 10.62ng/m /hr and
2
showed peak emissions of 107ng/m /hr. The maximum value seen is
significantly greater than previously reported. Contributing factors
will be discussed.
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FS15-O7
SELENIUM-MERCURY INTERACTION: MECHANISTIC
QUESTIONS, MOLAR RATIOS AND RISK POLICY
1

GOCHFELD, Michael
(1) Robert Wood Johnson Medical School, gochfeld@eohsi.rutgers.edu
The apparent protective effect of selenium(Se) on mercury(Hg)
toxicity was well-recognized by 1980. Many toxic effects of mercury
have been ascribed to its affinity for sulfur (S) and its ability to
disrupt enzyme functions by breaking disulfide (cysteine) bonds.
Recent years have witnessed a rapid growth in identification of
selenoproteins and documentation of their critical functions. These
are enzymes containing seleno-cysteine (for example, glutathione
peroxidases). One suggested mechanism is that Hg toxicity results
from blocking selenoprotein function or tying up Se rendering
it unavailable for protein synthesis. Hence the benefit of excess
Se. There are far more S-containing enzymes (virtually all) than
Se-enzymes, but the latter occur at lower concentrations so are
particularly vulnerable. The protean manifestations of Hg toxicity
probably involve multiple mechanisms affecting multiple endpoints,
arguing against a straight forward application of Se:Hg molar ratios
in food for predicting risk or benefit. This paper will consider 1)
the state of knowledge on the relative role of Se vs S affinity for Hg
and disruption of selenoproteins versus non-selenoproteins, 2) how
much and in what form does Se protect against Hg toxicity, and 3)
how clarifying the protective vs. toxic mechanism will inform risk
assessment for methylmercury exposure from fish consumption.,
particularly with respect to Se:Hg molar ratios.

limited and (2) predict future changes in surface waters by using
mathematical formulations. However, the science of spatiallyexplicit watershed scale mercury modeling is just beginning to
emerge and most approaches have not been applied in mixed land
cover, coastal plain watersheds. In response to this gap in current
knowledge, we quantify total mercury (HgT) concentrations and
fluxes from McTier Creek Watershed, South Carolina, USA, using
three novel independently developed watershed mercury models
(a grid based watershed mercury model (GBMM), the VELMA-Hg
model, and the TOPMODEL-Hg model) and measured in-stream
HgT concentrations and fluxes. The study watershed is located in
an upper coastal plain landscape, an area with more diverse land
cover, a larger drainage area, and a different geophysical setting
than many previous sites of mercury research in North America, i.e.
small forested headwater boreal or northern forested catchments.
Therefore, we aim to improve the characterization of mercury
cycling in coastal plain watersheds, identify important watershed
processes influencing total mercury loadings to surface waters
on daily and seasonal time scales, and advance the developing
science of watershed-scale mercury modeling. Based upon our
understanding of the diverse mercury dynamics represented within
each model, simulated HgT fluxes at the watershed outlet using
these models, and observed HgT data, this study moves toward our
goals.

RG15-O2
FISH CONSUMPTION AS A PREDICTOR OF MEHG
EXPOSURE IN THE AMAZON
1

WS7-O4
CHARACTERIZING MERCURY CONCENTRATIONS AND
FLUX DYNAMICS IN A COASTAL PLAIN WATERSHED
USING MULTIPLE MODELS
1
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(5) U.S. Geological Survey, Clemson, South Carolina, USA; (6) U.S.
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Mercury-related fish-consumption advisories are widespread in
the coastal plain of the southeastern U.S., where atmospherically
deposited mercury interacts with an abundance of wetlands and
high-dissolved organic carbon (DOC), acidic waters. Recent
trends in decision-making processes require knowledge of mercury
cycling at a variety of spatial scales (e.g., mesoscale watersheds,
regions) and within diverse land cover types to better understand
and manage the effects of this challenging water quality issue.
Watershed models are primary tools for advancing questions
related to such ecological exposure research. Spatially-explicit
process-based watershed models can (1) improve spatial and
temporal linkages between controls on environmental processes
and subsequent water quality when observational studies are
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CAMPOS, R. , DA SILVA, G.P. , BARROCAS, P.G.
(1) Pontifícia Universidade Católica do Rio de Janeiro, (2) Fundação
Osvaldo Cruz, Departamento de Endemias, Rio de Janeiro; Pontifícia
Universidade Católica do Rio de Janeiro; (3) Fundação Osvaldo Cruz,
Departamento de Endemias, Rio de Janeiro.
Mercury is a global pollutant whose potential toxicity varies
according to its different chemical forms. It is known that due to
bioaccumulation and biomagnification, elevated Hg values can be
detected in high trophic levels. Consequently, a fish based diet is
considered the primary pathway of human exposure to methylHg. This is of special concern in the Amazon region. The scenario
of human mercury exposure in the Amazon has changed as gold
extraction has diminished and it has been observed a decrease in
human hair mercury concentration in the last decade. However
it is important to understand that the Amazon basin represents a
natural laboratory for studying the effects of low mercury exposure.
The interaction with diet, clinical history, and susceptibility to
endemic disease mechanisms still remain unclear. The complexity
of the Amazonian ecosystem and the limited knowledge of
mercury’s biogeochemical cycle in tropical rain forests explain
the difficulties faced by the scientific community in assessing the
impact of mercury contamination. These issues affect the potential
for exposure of the local populations and consequently the risk
involved. High mercury levels in fish have been reported in sites
close to gold mining (where mercury was extensively used) as well
as in areas with no history of such activity. The present work is
part of a program of Health Risk Assessment of Hg in a riparian
extractives reserve at the Cuniã lake, located alongside the left
shore of the Madeira River (a tributary of the Amazon River).
This area will be under indirect impact of the hydroelectric power
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construction as a consequence of the new economic profile of this
region. Fishing is the main activity of this community, and there
is no history of gold extraction. Fish is their main protein source,
eventually complemented with caiman meat and water birds. The
studied population age ranged from 2 to 90 years old and hair was
used as biomarker. A total of 152 hair samples were collected from
the fishermen families. Hg concentrations averaged 6.0 (IC95%
-1
5.58-6.58) ± 3.9 μg.g (SD). The fish consumption for adults in
this community range from 40 to 600 grams per day. The results
showed that a significant gender differences for Hg levels (p-valor
-1
< 0,05), for man the average is 7,4 (IC 95% 5.56- 8.28)±4,5 μg.g
-1
μg/g and for woman 5.0 (IC 95% 4.49-5.54) ±3.3 μg.g .Studies on
neurological symptoms and diet of this community are under way
along with other clinical trials and biochemical measurements.

of the relationship between fish consumption and hair mercury
as assessed by linear regression. Another polymorphism in the
regulatory region of SEPP1 (rs7579) significantly modified the
relationship between fish consumption and hair mercury (p<0.01
for interaction) and may also modify the association between dental
amalgam and urine mercury (p=0.08). This preliminary work
suggests that polymorphisms in selenoproteins may influence the
accumulation of mercury in the body and its distribution to various
biomarkers. Future work on mercury-selenium interactions in
human populations should consider the role of selenoproteins and
inter-individual variability in the genes encoding these protective
proteins.

MG14-O8
RS15-P1
GENETIC VARIABILITY IN SELENOPROTEINS AND
MERCURY BIOMARKER MEASUREMENTS IN THE MDA
AND ELEMENT COHORTS

METHYLMERCURY AND ELEMENTAL MERCURY
DIFFERENTIALLY ASSOCIATE WITH BLOOD PRESSURE:
EVIDENCE FROM U.S. NHANES AND THE MICHIGAN
DENTAL ASSOCIATION COHORT
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Mercury risk assessment is complicated by variability of
toxicokinetic parameters, distribution to established biomarkers
of exposure (hair, blood, urine), and interaction with elements
such as selenium. This work hypothesizes that polymorphisms
in key regulatory and coding regions of selenoprotein genes
will influence mercury accumulation as assessed by biomarker
measurements and biomarker distribution (e.g. hair to blood ratio)
in two epidemiological cohorts. Five selenoprotein polymorphisms
(rs4902346, rs2737844, rs713041, rs3877899, rs7579) were
genotyped and total mercury levels were measured in biomarker
samples (blood, hair, urine) from 350 Mexican mother-child pairs
of the Early Life Exposures in Mexico to Environmental Toxicants
(ELEMENT) cohort. Likewise, four polymorphisms (rs713041,
rs3877899, rs7579, rs1050450) were genotyped, and urine and hair
mercury levels were obtained from 450 dental professionals of the
Michigan Dental Association (MDA). Analysis of variance tests
compared mean biomarker mercury levels in the ELEMENT and
MDA cohorts and mean biomarker ratios (hair:blood, blood:urine)
in the ELEMENT children across genotype categories for each
polymorphism. Statistically different ratios of blood to urine
mercury levels were observed among ELEMENT children with
two copies of the major allele for a polymorphism in selenoprotein
P1 (SEPP1, rs3877899), a protein known to bind mercury via
its selenocysteine residues, compared to children with at least
one copy of the variant allele (3.53±3.19 vs. 4.62±3.8; p=0.03).
While not attaining statistical significance, in the MDA cohort,
genotype of the same polymorphism trended towards modification
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Methylmercury-associated effects on the cardiovascular system
have been documented though discrepancies exist. Most studied
populations experience elevated methylmercury exposures. Further,
few have investigated the impact of low-level elemental mercury
exposure. This study explored the association between mercury
exposure (methylmercury via hair and blood, elemental mercury
via urine) and blood pressure measures using the U.S. National
Health and Nutrition Examination Survey (NHANES, 1999-2006)
and a cohort of dental professionals that experience background
exposures to both mercury forms. Information on demographics,
occupational practices, medical history, and fish consumption
was collected from dental professionals recruited during the 2010
Michigan Dental Association (MDA) Annual Convention. Hair
and urine samples were analyzed for mercury, and blood pressure
(systolic, SBP; diastolic, DBP) was measured in the dental cohort
(n=262). Hair mercury levels were available for female NHANES
participants (n=1150), and urine and blood mercury, SBP and DBP
were obtained from male (n=1377) and female (n=3932) NHANES
subjects. Distribution of mercury in hair in the dental cohort
(median, range: 0.28, 0.02-5.18 μg/g) and urine (0.63, 0.03-5.54
μg/L) correspond well with the NHANES data. Linear regression
models adjusting for potential confounders (BMI, age, gender) in
the MDA cohort revealed a significant positive association between
DBP and hair mercury (β (standard error, SE)=2.76 (1.17) mm Hg,
p=0.02). An association of the same direction was observed between
SBP and hair mercury, though this was not significant (β (SE)=2.67
(1.68) mm Hg, p=0.11).Urine mercury results opposed hair mercury
in many ways. Notably, elemental mercury exposure was associated
with a significant SBP decrease driven by the male population (β
(SE) for males: -3.26 (1.23) mm Hg, p=0.01; for females: 0.71 (1.35)
mm Hg, p=0.6). Linear regression modeling of the NHANES data
revealed a positive relationship between total mercury in blood and
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DBP after adjusting for confounders (β (SE)=0.14 (0.05), p<0.05).
Urine mercury was inversely associated with SBP in both males and
females, and the association was stronger in males (β (SE): -1.17
(0.41) vs. -0.28 (0.1) mm Hg; p<0.01). Overall, this study found
associations between blood pressure and two forms of mercury in
two cohorts at exposure levels relevant to the general population.
These relationships varied according to gender and type of mercury
exposure.

TS10-P4
COMPARISON OF METHYLMERCURY PRODUCTION
RATES BY DESULFOVIBRIO SPECIES IN SHORT-TERM
WASHED CELL ASSAYS
1

1

GRAHAM, Andrew M. , GILMOUR, Cynthia C.
(1) Smithsonian Environmental Research Center, grahaman@si.edu
Dissimilatory sulfate-reducing bacteria (DSRB) are thought to be
the principal microorganisms responsible for mercury methylation
in aquatic ecosystems. Relatively little is known about the prevalence
of Hg methylation capability in DSRB at the species or genus level.
Here, we report our efforts to determine the distribution of Hg
methylation capability within Desulfovibrio, a representative and
comparatively well-studied genus of DSRB. Desulfovibrio type
strains were obtained from culture collection and grown to mid-log
phase on either pyruvate/fumarate (P/F) or sulfate/lactate (S/L)
media under strict anoxic conditions. Washed cell suspensions
were prepared via repeated centrifugation and cell resuspension
with minimal F/P or S/L media containing 500 μM cysteine as a
reductant and Hg(II)-complexing agent. Cell suspensions were
201
spiked with ~10 ng/mL of isotopically-enriched HgCl2, incubated
201
for 3 h, and excess Me Hg was quantified at the end of the
experiments. Short-term assays in defined minimal media permitted
evaluation of MeHg production under conditions of optimal
inorganic Hg(II) bioavailability. Utilization of a chemically-defined
standardized methylation assay enabled the first direct comparison
of protein-normalized MeHg production rates by Desulfovibrio at
the species level. This work has implications for our understanding
of evolutionary relationships between Desulfovibrio capable and
incapable of Hg methylation. Short-term methylation assays
also allowed for an assessment of the bioavailability of inorganic
Hg(II) species to Desulfovibrio. The impact of dissolved organic
mater (DOM) on MeHg production was evaluated for a variety
of well-characterized DOM isolates at various Hg/DOM ratios
to determine the effect of Hg-DOM complex lability on bacterial
MeHg generation.

MG14-O6
LONG-TERM IMPLICATIONS OF DEVELOPMENTAL
METHYLMERCURY NEUROTOXICITY
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In 1986-1987, a birth cohort of 1022 subjects was formed in
the Faroe Islands, and the prenatal exposure to methylmercury
was assessed by analysis of the mercury concentration in cord
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blood and in maternal hair. Follow-up took place at age 7 and 14
years, and most recently at age 22 years, where 846 (84%) cohort
members underwent detailed examinations by clinical specialists.
Mercury-associated neurodevelopmental delays have been
documented in regard to language, attention, verbal memory and
other functions, and these findings have now been extended into
young adulthood. In addition, cord blood from cohort members
has now been analyzed for polychlorinated biphenyls (PCBs) to
address the possible, though weak, confounding from concomitant
PCB exposure, originating from pilot whale blubber. Although the
marine diet in the Faroes includes copious mounts of fish, most
of the methylmercury exposure in this population comes from
traditional pilot whale consumption. Adjustment for maternal
fish intake during pregnancy results only in a small increase in the
point estimates for mercury associated deficits. Further, selenium
is present in much higher concentrations in cord blood than
mercury, and adjustment for selenium does not affect the results.
Similar findings have been reported in subsequent studies of human
methylmercury toxicity, where negative confounding from fish
intake was controlled for. Based on the new data from the Faroes,
the developmental neurotoxicity caused by this pollutant must be
considered to be permanent.

TG4B-O2
SOURCES OF MERCURY IN PRECIPITATION TO
UNDERHILL, VT
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GRATZ, Lynne E , KEELER, Gerald J
(1) CNR-IIA, l.gratz@iia.cnr.it (2) University of Michigan.
Underhill, VT, USA is a remote location in the northeastern United
States where atmospheric Hg deposition is a critical issue due to
elevated levels of mercury (Hg) in the region’s fish and wildlife.
Daily-event precipitation samples were collected in Underhill,
VT from 1995 to 2006 and analyzed for Hg and trace elements in
order to quantify and understand the wet deposition of Hg to the
ecosystem. This long-term dataset provides a unique opportunity
to study source contributions to Hg wet deposition over time using
source apportionment and hybrid-receptor modeling techniques.
Over the 12-year period, annual Hg deposition levels at Underhill
did not decline significantly despite regulatory efforts to reduce Hg
emissions in the U.S. Mercury and trace element wet deposition
data were examined using the multivariate receptor model EPA
PMF 3.0 to identify the sources contributing to Hg deposition at
the Underhill site. Results indicate that coal combustion, a mixture
of incineration and non-ferrous metal smelting, and a phosphorus
source contributed to the observed Hg wet deposition. The model
indicated that coal combustion, which was characterized by the
highest loadings of sulfur (S) and selenium (Se), contributed
~60% of the total Hg measured in wet deposition during the 12year period. The annual contribution to Hg deposition from coal
combustion was 50-70% and did not change significantly over
time. Mercury and trace element deposition were further analyzed
using quantitative transport bias analysis (QTBA). QTBA is a
trajectory-based hybrid-receptor model that weights air mass backtrajectories with the measured amounts of analytes at the receptor
site to determine the most probable source regions of those species.
Results from QTBA indicate that the majority of Hg deposition at
Underhill was due to transport from the Midwestern U.S., where
the density of coal-fired utility boilers (CFUBs) in the U.S. is largest.
Sulfur and Se deposition were also dominantly associated with
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transport from the same region. The substantial contribution from
Midwestern CFUBs to the observed Hg deposition at Underhill is
consistent with past findings that the highest levels of Hg deposition
at Underhill occur with southwesterly transport. The combined
PMF and QTBA analysis provides strong corroborative evidence to
suggest that total annual Hg wet deposition at Underhill from 1995
to 2006 did not decline due to consistent transport of CFUB Hg
emissions from the Midwestern U.S.

MG7-P18
MERCURY INPUT TO THE BEAUFORT SEA FROM THE
MACKENZIE RIVER
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Concentrations of toxic monomethyl mercury (MeHg) in the tissues
of marine mammals living in Canada’s Beaufort Sea (Arctic Ocean)
can be above those recommended for human consumption. Several
factors likely contribute to MeHg contamination of these mammals,
however the large volume of sediment-rich water delivered by
the Mackenzie River cannot be overlooked as a potential source
of mercury (Hg) contamination to this region. Currently, it is not
known how much Hg is delivered from the Mackenzie River each
year and therefore the river remains an important, yet unmeasured,
source of Hg to the Beaufort Sea. We have been sampling surface
waters from the lower Mackenzie River and its delta channels
for total Hg (THg; all forms of Hg in a sample) and MeHg since
2004 to help establish a long-term dataset of Hg delivery from the
Mackenzie River. There are two overarching goals of our ongoing
research and monitoring program. First, we are measuring the
amount of THg and MeHg delivered annually by the Mackenzie
River to the Beaufort Sea using extensive ice-influenced and openwater season field sampling campaigns and a dynamic ice-jam
flow model (Mackenzie Delta Hydrodynamic Model) through
a partnership with the International Polar Year Project Study of
Canadian Arctic River-delta Fluxes (IPY-SCARF). This model is used
to provide flow-distribution data, and to enhance our understanding
of how the hydraulics of the delta may change under global change
and resource development scenarios. Secondly, we are quantifying
the influence of the ecologically-rich, yet rapidly changing,
floodplain of the Mackenzie River Delta (MRD) on the delivery of
Hg from the Mackenzie River. Here we present results from our
sampling program and modeling including multi-year THg and
MeHg concentrations and export from several locations throughout
the MRD.

TS2-O3
LONG TERM RECORD OF ATMOSPHERIC HG SPECIATION
AND HG DEPOSITION IN THE REMOTE CANADIAN
BOREAL FOREST (EXPERIMENTAL LAKES AREA, NW
ONTARIO)
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An important knowledge gap in understanding how Hg moves
from the atmosphere to the biosphere involves the role of terrestrial
plants in the deposition of Hg. Plants act as conduits of atmospheric
Hg into the biosphere, and Hg loading beneath forest canopies (in
water that passes through the canopy [throughfall] and senescent
vegetation [litterfall]) is much higher than in wet deposition to
adjacent open areas. We have been examining the biogeochemical
cycling of mercury at the Experimental Lakes Area (ELA) field
station situated in the boreal ecoregion of NW Ontario, Canada
since 1990. The goal of our ongoing research and monitoring
program at this site is to quantify dry deposition of Hg to boreal
forest landscapes using both direct (subtracting wet deposition of
Hg from deposition of Hg in throughfall + litterfall) and inferential
methods (using atmospheric Hg concentrations and meteorological
data to model Hg dry deposition velocities). Towards this goal,
since 2005 we have been quantifying atmospheric concentrations
of gaseous elemental Hg (GEM), reactive gaseous Hg (RGM)
and particulate-bound Hg (Hg-PM2.5) using Tekran® Hg air
speciation units and the Research Data Management and Quality
Control System-RDMQ (for quality control). RGM and Hg-PM2.5
concentrations at the ELA are on average very low. Concentrations
-3
of GEM are ~1.2-1.4 ng m at the ELA, but can fluctuate quite
dramatically daily, seasonally and during periods when forest fires
are burning nearby. Using measured concentrations of GEM, RGM
and Hg-PM2.5, modeled deposition velocities, and in forested
areas, the foliar surface area (leaf area index) available to scavenge
these atmospheric Hg species, we are modelling Hg dry deposition
rates to this region. These modeled estimates will also be compared
to estimates of dry deposition calculated from open area wet
deposition, throughfall and litterfall fluxes of Hg from this same site.

MS18-O5
MERCURY IN PRODUCTS
1

GROENEVELD, Thomas
(1) U.S. Environmental Protection Agency, groeneveld.thomas@epa.
gov
Large amounts of mercury are used globally in the manufacture
and use of numerous products and manufacturing processes at
such a level that it represents almost one-third the global demand.
Yet, for most products, there are effective alternatives available.
Eliminating mercury in products is important because reducing
the use of mercury ultimately reduces releases of mercury to the
air, land or water and reduces the potential for direct human
exposure. Within the United Nations Environment Programme
Global Mercury Partnership, the Mercury-Containing Products
Partnership Area (Products Partnership) strives to phase out
and eventually eliminate mercury in products and to eliminate
releases during manufacturing and other industrial processes via
environmentally sound production, transportation, storage, and
disposal procedures. Those efforts to are guided by priority actions
that include developing effective and economically feasible mercuryfree alternatives; encouraging the use of best available techniques
and best management practices to reduce consumption and releases
of mercury throughout the product lifecycle; and increasing
knowledge on mercury inventories, human and environmental
exposure to mercury, mercury environmental monitoring, and
socio-economic impacts of mercury in products.

118

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada

RS9-P8
NATURAL ORGANIC MATTER ON REDOX
TRANSFORMATION AND COMPLEXATION OF MERCURY
UNDER DARK, ANOXIC ENVIRONMENTS
1

GU, Baohua
(1) Oak Ridge National Laboratory, gub1@ornl.gov
Naturally dissolved organic matter (DOM) is ubiquitous in water
and sediment, affecting the redox transformation and speciation
of metal contaminants such as mercury (Hg) in the environments.
Depending on the redox state of DOM and the environmental
condition, DOM can act either as an electron acceptor or an
electron donor. Reduced DOM can transfer electrons to oxidized
Hg(II) species to form elemental Hg(0), whereas oxidized DOM or
DOM subunits may lead to the oxidation of Hg(0) and subsequently
complex and stabilize Hg in the environment. In this study we
investigate the role of DOM on the redox transformation and
complexation of Hg under dark, anoxic conditions. We prepared
reduced DOM isolates (both aquatic and terrestrial origins) by
abiotic reduction using Pd-coated alumina as a catalyst and H2 as
an electron donor. We show that all DOM isolates were capable of
rapidly reducing Hg(II) to elemental Hg(0) at relatively low DOM/
Hg(II) ratios. However as DOM/Hg(II) ratios was increased,
reduction of Hg(II) appeared to be inhibited as demonstrated by
decreased production of purgeable Hg(0). This observation is
consistent with the self competition of reduction and complexation
of Hg by reactive functional groups in DOM (containing both
reducing and complexing moieties). The reducing capacity varied
among DOM isolates and depended on the Hg(II)/DOM ratio,
with the highest value of about 8 mol Hg/g C. The reduction of
Hg(II) is also characterized by an initial rapid decrease in Hg(II)
concentrations within the first 15 minutes followed by a slow rise
of Hg(II) in 24 to 48 hours, suggesting that reduction is faster than
the complexation. Our results indicate that DOM plays a dual
functional role in the reduction and complexation of Hg, and the
relevant reaction rates are likely control the redox cycle of Hg and its
speciation in the anoxic environments.

RS9-O6
THE REDUCTION AND COMPLEXATION OF MERCURY
WITH NATURAL ORGANIC MATTER IN ANOXIC
ENVIRONMENTS

complexation with an estimated binding capacity about 3.5 mol
6
Hg/g and a partitioning coefficient is greater than 10 mL/g. The
binding capacity varied with different DOM isolates and diminished
when DOM became oxidized. The reduced DOM isolates are
also capable of rapidly reducing Hg(II) species to gaseous Hg(0)
under anaerobic conditions. The purgeable Hg(0) was found to
increase with increasing DOM initially, reach an peak value, then
decrease at higher levels of DOM due to the formation of Hg-DOM
complexes. This phenomenon is explained by the dual functional
role played by DOM in the reduction and complexation of Hg since
the reduced DOM usually contains a higher reducing than binding
(thiol ligands) equivalent. These observations are likely widespread
in anoxic sediments and water and may be expected to significantly
influence the mercury species transformations and biological uptake
that leads to the formation of toxic methylmercury.

MG14-O13
MERCURY AND CARDIOVASCULAR DISEASE:
KNOWLEDGE GAPS
1

GUALLAR, Eliseo
(1) Johns Hopkins University, eguallar@jhsph.edu
The association of mercury with cardiovascular disease is a
major public health concern. Fish intake, widely recommended
because of beneficial n-3 fatty acids (fish oils), is also a source of
methylmercury that may oppose the beneficial effects of fish oils.
The evidence base linking mercury to cardiovascular disease is
rapidly expanding. Our group, for instance, reported the study of
an association between mercury levels in toenails, largely reflecting
methylmercury intake from fish, with the risk of myocardial
infarctions in 8 European countries and Israel. However,
several gaps remain in the evidence base. Additional research
is needed to establish the potencial mechanisms responsible for
the cardiovascular effects of mercury, as well as the intermediate
physiological cardiovascular processes affected by mercury
exposure. In terms of population studies, additional evidence is
needed to better characterize the association between mercury and
cardiovascular disease in women as well as the precise form of the
dose-response relationship in the general population. The potential
existence of subgroups at particularly high risk from mercury
exposure also needs additional investigation. The type of research
studies needed to complete our understanding of the cardiovascular
effects of mercury will be discussed in the session.

1

GU, Baohua
(1) Oak Ridge National Laboratory, gub1@ornl.gov
+

Oxidized mercuric ion, Hg2 , has been generally considered as
the species that form complexes with naturally dissolved organic
matter (DOM) such as humic acid (HA), a key component that
affects mercury chemical and biological transformation and
cycling in aquatic environments. Dissolved elemental mercury,
Hg(0), is also widely observed in sediments and water. However,
reactions between Hg(0) and DOM have rarely been studied in
anoxic environments. In this study, DOM isolates of various origins
were pre-reduced either chemically or biologically to simulate
natural anoxic environments where both microbial reduction
of DOM and methylation occur, and subsequently studied for
2+
their reactions with either Hg or Hg(0). We report that DOM,
particularly the reduced humic acid (HA), can strongly interact
with dissolved Hg(0) through thiolate-ligand induced oxidative
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MG7-P5
TOTAL AND METHYL MERCURY IN SURFACE WATER AND
SEDIMENTS FROM DIFFERING ECOREGIONS OF SOUTH
CAROLINA
1

1

2

GUENTZEL, Jane , MURPHY, Julie W. , GRAVES, David ,
2
3
3
GLOVER, James , LASORSA, Brenda , GILL, Gary A.
(1) Coastal Carolina University, jguentze@coastal.edu (2) South
Carolina Department of Health and Environmental Control; (3)
Pacific Northwest National Laboratory.
Mercury exists in many different physical and chemical forms
in the environment and it is the interconversions between these
species that mediate its distribution patterns and biogeochemical
cycling. The most widely known conversion is the biological
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transformation of inorganic Hg (II) to methyl Hg and its subsequent
biomagnification in piscivorous fish, which poses a risk to higher
trophic level organisms and humans who consume these fish. The
discovery of high levels of Hg (>0.25 ppm) in fish from water bodies
in South Carolina (SC) has resulted in the issuance of many fish
consumption advisories throughout the state. The highest fish tissue
concentrations have been found in unregulated blackwater rivers
in the Southeastern Plain and the Middle Atlantic Coastal Plain
ecoregions, with lower fish Hg concentrations found in the Southern
Coastal Plain, Blue Ridge, and Piedmont ecoregions. Investigating
the geochemical cycling of Hg in aquatic systems is a necessary
precursor to understanding the mechanisms responsible for its
accumulation in higher trophic levels. The SC Clean metals project
was initiated in 2010 and includes 4 quarterly sampling events. The
first objective of this study is to determine levels of total and methyl
Hg in water and sediments from sites along a geographical gradient
(west-east) within SC. Sites within differing ecoregions were chosen
to identify potential factors governing the spatial variability of Hg
levels in water and sediment throughout the state and how they may
relate to the concentration of Hg in fish tissue. A second objective
of the study is to examine how the mercury levels in the water and
sediment may change on a seasonal basis. We will report data from
the first (November 2010) and second (February 2010) sampling
events.

TG7-P15
MERCURY METHYLATION IN MICROCOSMS WITH AND
WITHOUT THE AQUATIC MACROPHYTE EICHHORNIA
CRASSIPES
1

2

GUIMARAES, Jean , CORREIA, Raquel Rose S. , OLIVEIRA, Diane
3
CM
(1) IBCCF/Universidade Federal do Rio de Janeiro, jeanrdg@biof.ufrj.
br (2) IBCCF/UFRJ; (3) .
Aquatic macrophytes, such as Eichhornia crassipes, are known as
sites for accumulation of Hg and methylmercury formation, the
latter being conducted mainly by sulphate-reducing bacteria (SRB)
present in the dense root periphyton. Recently, Molina et al. (2010)
showed that in the Bolivian Amazon, periphyton supported longer
macroinvertebrate trophic chains than sediment, leading to higher
MMHg biomagnification. The use of radiotracer techniques on
model ecosystems offers a unique possibility to better understand
the Hg cycling in various environmental conditions. This approach
allows a great simplification of the experimental set-up in studies
of the distribution and transformation of a contaminant, such as
Hg, in different compartments, and its interaction with the biota.
Therefore, the objectives of this research were to observe MMHg
formation and distribution among water, particles and whole
plants of the macrophyte E. crassipes in microcosms with and
without SRB inhibitor; and to compare the in vivo results with in
vitro root incubations in the course of 17 days. MMHg formation
203
was evaluated using the Hg radioisotope and measured through
Liquid Scintillation after the organic form extraction protocol. Two
experiments, with and without macrophytes, were made and the
compartments analyzed for the presence of MMHg were 0.2 μmfiltered water, suspended and settled particles and roots. MMHg was
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detected on all compartments analyzed and the highest distribution
values were found in roots and water, with up to 41% and 61% of all
MMHg detected in the experiment with and without macrophytes,
respectively. The sum of all MMHg found in the mesocosms with
and without macrophytes reached 2.3% and 0.4% of total added Hg
respectively. Hg methylation was partially inhibited in the presence
of the SRB inhibitor sodium molibdate, and inhibition was lessened
at the end of the experiment. MMHg formation was higher in in
vitro incubations than in in vivo ones, mostly on long incubation
times (> 48 hours). The results indicate a change in the pattern of
MMHg formation in the presence of the macrophyte E.crassipes and
the participation of SRBs in Hg methylation.

TS10-P11
MOLECULAR DYNAMICS SIMULATIONS OF OPERATOR
DNA DISTORTIONS MADE BY TRANSCRIPTIONAL
REGULATOR MERR
1

1

1

GUO, Hao-Bo , JOHS, Alexander , PARKS, Jerry M. , SUMMERS,
2
1
1
Anne O. , LIANG, Liyuan , SMITH, Jeremy C.
(1) Oak Ridge National Laboratory, USA , guoh1@ornl.gov (2) The
University of Georgia, Athens.
Many bacteria possess a mercury resistance (mer) operon that
encodes enzymes and transport proteins that effect protonolysis
of organomercurials and reduction of Hg(II) to volatile, elemental
Hg(0). Transcription of the mer operon is regulated by the Hg(II)specific regulatory protein MerR. The MerR homodimer binds a
palindromic DNA sequence (the MerO operator) that lies within
the overlong 19-bp spacer between the -35 and 10 RNA polymerase
binding sites of the mer promoter. It is well known that metal-freeMerR bends operator DNA ~40˚ laterally and, upon binding Hg(II),
it also underwinds the DNA axially ~30˚, correcting the -10 and
-35 sites to the orientation seen in promoters with a typical 17-bp
spacer. In vivo and in vitro DNA footprinting have shown that
several bases in the central-non-dyadic 4-bp “hyphen” (positions -23
to -26) become distorted upon Hg(II)-activation of MerR. Although
there is no 3D structure of MerR yet, we recently used molecular
dynamics (MD) to simulate the behavior of a MerR-Hg model based
on its small-angle X-ray scattering (SAXS) and crystallographic
structures of other MerR family members. In this current work we
expanded that model to an activated MerR-DNA complex. Since all
3D MerR family regulator-operator complexes are in the activated
form, the initial state of our 23-bp model DNA operator is already
bent and underwound and remains so after a 2 ns equilibration.
Moreover, two bases in the activated dyad center remain unpaired
over a 60 ns trajectory. In contrast, in a 60 ns simulation of the 23bp operator alone, the activated conformation instantly collapses
into the general form of B-DNA with the dyad center bases forming
hydrogen bonds. These and other atomic level details arising from
the MD simulations of interactions between MerR and its operator
DNA were in good agreement with in vivo genetic analysis and
protein-DNA footprinting data. Thus, MD will be useful to dissect
the energetics and information transduction of the unique activation
mode of the widely found MerR family of transcriptional regulators.
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WS10-O3

MG14-P18

MICROBIAL METHYLMERCURY PRODUCTION IN
ECOSYSTEMS: NEW INSIGHTS ON ECOPHYSIOLOGICAL,
CELLULAR AND GENETIC ASPECTS

RISK PERCEPTION OF METHYLMERCURY IN FISHERY
PRODUCTS AMONG PARTICIPANTS OF HAIR MERCURY
ANALYSIS PROGRAM IN JAPAN

1

GUYONEAUD, Rémy
(1) Environmental Microbiology (EEM), UMR IPREM 5254,
University Pau, BP1155, 64013 Pau, France , remy.guyoneaud@univpau.fr
Microbial activities play a major role in mercury biogeochemical
cycle. Hg methylation, demethylation and reduction control
the methylmercury concentrations in the aquatic environments
and microorganisms are implicated in all of these processes. The
pathways, genes and regulation processes are well described for
some of these activities, i.e., mercury reductive demethylation and
mercury reduction. It is not the case for mercury methylation even
if many environmental data are available. These data, together
with physiological characterizations led to exemplify the role of
sulfate-reducers, and iron-reducers, in methylmercury production.
Due to the ecological niches of these microorganisms, these
data tended to restrict biological mercury methylation to anoxic
environments (sediments, hypoliminions), considered as main
methylmercury sources. This paradigm suffers some gaps. Recent
results demonstrated that sulfate-reducers could inhabit (and be
active) in oxic water bodies where they can produce methylmercury.
Besides, some unexpected organisms, such as some Citrobacter
species were identified are potential mercury methylators. In
addition, it has been demonstrated that many organisms that
methylate mercury may also participate in mercury demethylation
without involving the “classic” reductive demethylation pathway.
To follow such simultaneous and reversible reactions, the use of
multiple stable isotopic tracers is very useful. It allows not only to
determine mercury methylation and demethylation potentials in
environmental samples, co-cultures and pure strains but also to
localize mercury species in sub-cellular fractions. All these data
modify our view on the global mercury biogeochemical cycle and
thus on the potential methylmercury sources.
Despite our knowledge on the organisms responsible for
methylmercury production, it remains extremely difficult to linked
microbial communities composition at the species/genus level, or
microbial activities in situ with net methylmercury production.
We have only a vague idea of the overall environmental parameters
and the underlying mechanisms (uptake, transformation rates,
regulation) that control the net methylmercury production. Efforts
must be placed in determining the environmental factors (biotic
and abiotic) enhancing methylmercury production Microbial
communities are complex physiological networks in which one
organisms may shift from one metabolism to another depending
on the environmental conditions. Efforts must also be placed in
identifying and characterizing the genetic/enzymatic systems,
controlling mercury methylation. This concerns the enzymes (and
their corresponding genes) responsible for mercury methylation
but also the genetic regulation behind, in order to gain a better
understanding on methylmercury production in environmental
samples.
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HACHIYA, Noriiyuki , YASUTAKE, Akira
(1) National Institute forMinamata Disease, hachiya@nimd.go.jp (2) .
A hair mercury analysis program was provided as a risk
communication tool regarding low-level methylmercury exposure
for visitors to environmental events held at six different sites across
Japan from 2006 to 2008. The risk perception of the chemical was
surveyed among 855 participants who answered a questionnaire
on the time of hair sampling. The acceptance of one’s own hair
mercury level was analyzed among 335 participants who responded
to a second questionnaire after notification of their total mercury
concentration. The analytical result was provided along with
information on reference levels including population averages and
concentrations corresponding to PTWIs of Japan (2.8 μg/g for
pregnant women, and 5.0 μg/g for adults). The geometric mean
was 1.93 μg/g in females and 2.55 μg/g in males. The concentration
was significantly associated with fish intake especially of tuna.
More than half of the participants, i.e. 57.4% in females and
52.3% in males, knew Fish Intake Advisory for Pregnant Women
of the Ministry of Health, Labour and Welfare, Japan. Almost
half, i.e. 41.7% in females and 50.2% in males, recognized that
every commercial fish contains trace amounts of methylmercury
regardless of the fishing site. The frequency of participants who
felt any anxiety about her/his mercury level was 31.5% in females
and 15.7% in males. The increase in hair mercury level resulted
in decrease of reassurance on the own level but only a partial
increase in anxiety. The cumulative frequency of the anxiety versus
mercury concentration indicated that the frequency reached half
of the total frequency at hair mercury concentrations of 2.0 μg/g in
females and 2.6 μg/g in males, which are similar to the population
averages. These observations coincide with the assumption that the
occurrence of anxiety was mainly dependent on comparison with
the concentration of the population average, rather than comparison
with the safety standard levels.

MS20-P11
THE CHILDREN EXPOSURE SCENARIOS TO MERCURY IN
THE MADEIRA BASIN- AMAZON REGION
1

2

HACON, Sandra S , BASTOS, Wanderley , MOURAO, Dennys
3
4
4
Mourao , VEGA, Claudia Vega , CAMPOS , Reinaldo Campos ,
3
5
MARQUES, Daniel , OLIVEIRA, Beatriz, BARROCAS, Paulo R
(1) Departamento de Endemias, ENSP-FIOCRUZ, sandrahacon@
gmail.com (2) UNIR; (3) FIOCRUZ; (4) PUC; (5) Departamento de
Saneamento- ENSP, Fiocruz.
The present study addresses the mercury scenarios exposure
in schoolchildren in the Brazilian Amazon. This investigation
compares the dose of mercury in children from 5 to 16 years living
in different riverside communities with a group of schoolchildren
from a extractives reserve, also in the Madeira basin that has a
large amount of fish consumption. One of the groups lives in the
direct influence region of the hydroelectric power construction
with observed environmental impacts as a consequence of the
new economic profile of this region. The schoolchildren from
the extractives reserve live in an indirect influence area of
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the hydroelectric power. It is well known that reservoirs from
hydroelectric powers trends to increase the environmental Hg
concentration with health consequences for the exposed inhabitants.
This study involved a epidemiological survey using specific
questionnaires applied in the communities where the schoolchildren
live. The survey included the geographic information system
techniques, social demographic and economic information data,
social and nutritional habits taking into account the frequency
and quantitative amount of fish consumed weekly, and also
the different species consumed from Madeira river. Referred
morbidity and neurological evaluation of the schoolchildren were
carried out. Mercury monitoring in hair was performed in 700
hair samples from schoolchildren, blood pressure and blood tests
were also carried out. The results obtained up to now show a great
variability of the schoolchildren exposure to mercury, ranging
from 0.03 μg/kg/d to 2.2 μg/kg/d. The low dose exposure found
was due to the frequency, type the fish consumed, gender and
age of schoolchildren. The Hg average concentration in hair for
schoolchildren between 6 and 16 years old living in the Madeira
riverside was 7,6 mg/kg. About 30% of the schoolchildren presented
Hg in hair above 6 mg/kg. Preliminary results of the average
concentration of Hg in hair do not show statistical significant
difference between schoolchildren from the extractives reserve and
those from the riverside.

MS20-P5
LONG-TERM EXPOSURE TO MERCURY AMONG FISHEATING COMMUNITIES OF THE BRAZILIAN AMAZON
1

2

HACON, Sandra, S Hacon , JACOBSON, Ludmilla, L. S. V ,
1
1
MOURÃO, Dennys , MARQUES, Daniel , FONSECA, Marlon
1
3
3
Freitas , GOMES, Nubia Gomes , BASTOS, Wanderley
(1) FIOCRUZ, sandrahacon@gmail.com (2) UFF; (3) UNIR.
Mercury contamination in the Brazilian Amazon has been
investigated since 80 decade and constitutes a environmental
health problem for the public health policy. This study is part of
the Mercury Environmental Health Impact Project, associated with
the phase construction of Madeira Hydroelectric Reservoir. The
anthropogenic disturbances in the Amazon region have impacted
the quality of the environmental services in the last thirty years.
In the past, gold mining also had a great contribution for the
environmental Hg contamination. Nowadays, deforestation, biomass
burning and the infra-structure projects, such as hydroelectric
power contribute to increase the environmental Hg load and
consequently the burden of disease due to Hg exposure in the
riparian communities. In the Brazilian Amazon, deforestation,
biomass burning that increase the particulate wet and dry
deposition and erosion, drain soil sediments into waterways. This
study addresses the nowadays impact of mercury exposure by
fish consumption on several communities of the Madeira River
in the Western Brazilian Amazon during the period of 2009 and
2010. About 1200 hair samples were collected to measure mercury
in adults and children, and blood pressure and blood tests were
also carried out. An interview questionnaire was undertaken with
questions about socioeconomic and demographic characteristics,
environmental and health perception, environmental exposure,
personal and nutritional habits. Risk factors also were investigated,
such as history of alcoholism, smoke, diabetes, high blood
pressure. The results show that about 40% of the fish consumed
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are carnivorous and 30% of the riparian communities consume
carnivorous fish daily, which Hg concentration ranged from 0.2 to
1.8 mg/kg (ww). The statistical analysis, simple and multiple logistic
models are being carried out. The preliminary descriptive results
show that about, 23% of the population have hypertension, 7.4%
suffer from diabetes. The average Hg in hair for the whole group
was 9.0 mg/kg ( IC 95% 8.4 – 9.9). There is a significant difference
among male and female Hg concentration in hair ( p value =0.000).
This fact was also observed between the age groups below and
above 15 years. About 29% of the individuals investigated presented
mercury concentration in hair above 6 mg/kg and 9.5% above 20
mg/kg. Few individuals are suspect to present effects associated with
Hg exposure.

MG6-O1
ESTIMATION OF HISTORICAL EXPOSURE TO ELEMENTAL
MERCURY VAPOR AND PRESENT-DAY EXPOSURE
TO MERCURY AND OTHER METALS IN SOIL IN
HUANCAVELICA, PERU, AND POTOSÍ, BOLIVIA
1
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HAGAN, Nicole , ROBINS, Nicholas , HSU-KIM, Heileen ,
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HALABI, Susan , MORRIS, Mark , WOODALL, George ,
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6
RICHTER, Daniel , VANDENBERG, John
(1) Oak Ridge Institute for Science and Education, U.S. Environmental
Protection Agency , Hagan.nicole@epa.gov (2) Department of
History, North Carolina State University; (3) Department of Civil
and Environmental Engineering, Duke University ; (4) Department
of Biostatistics and Bioinformatics, Duke University ; (5) Office of
Air Quality Planning and Standards, U.S. Environmental Protection
Agency ; (6) Office of Research and Development, U.S. Environmental
Protection Agency ; (7) Nicholas School of the Environment, Duke
University.
Between 1564 and 1810, approximately 17,000 metric tons of
mercury vapor were released into the atmosphere as a result of
cinnabar smelting operations in Huancavelica, Peru. In Potosí
(present-day Bolivia) nearly 39,000 metric tons of mercury
were volatized as a result of amalgamation-based silver refining
operations between 1574 and 1810. Mercury emissions from
cinnabar refining and silver production were estimated from
detailed Spanish records from the colonial period and locations
and sources characteristics were derived from archival images,
maps, and first-hand assessments of cinnabar refining mills
and silver smelters . AERMOD, a state-of-the-art air dispersion
model, was used to estimate historical ambient air concentrations
of mercury in vapor phase from colonial mining and refining
operations during periods of high, medium, and low production
periods in Huancavelica and Potosí. The modeled 1-hour
maximum concentrations exceeded inhalation reference values in
locations near the smelter, highlighting the health hazards to the
historical population due to exposure to elemental mercury vapor.
AERMOD results were then used to select sampling locations along
transects in Huancavelica and Potosí to evaluate present-day soil
concentrations of mercury and other metals from historical mercury
refining operations. All soil samples contained mercury, with total
concentrations in Potosí reaching 250 mg/kg and 1,200 mg/kg in
Huancavelica. Mercury concentrations in the soil were 10 to 70,000
times greater than in a non-mining city in Bolivia. Preliminary data
also indicated other metal co-contaminants in the soil, including
silver and lead. These results indicate that residents currently living
in Potosí and Huancavelica are exposed to high concentrations of
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mercury and perhaps other metals from historical contamination
that may present significant health risks today. Disclaimer: The
views expressed in this abstract are those of the authors and do not
represent US EPA policy.

RG9-P9

TG4B-O8
COMPARISON OF THE SPATIAL VARIABILITY OF WET
AND DRY ATMOSPHERICALLY DEPOSITED MERCURY
MEASURED AT URBAN/INDUSTRIAL AND BACKGROUND
AREAS OF SOUTHEAST MICHIGAN.
1

MERCURY CONCENTRATIONS IN DOUBLE CRESTED
CORMORANTS IN PRAIRIE POPULATIONS
1

1

2

HALL, Britt D. , BATES, Lara M. , DOUCETTE, Jennifer ,
3
1
NIYOGI, Som , SOMERS, Christopher M.
(1) University of Regina, britt.hall@uregina.ca (2) Unversity of Regina;
(3) University of Saskatchewan.
Total Hg (THg; all forms of Hg) concentrations were measured
from a small piece of breast and liver tissue sampled from Double
Crested Cormorants (DCCO; Phalacrocorax auritus) nesting on five
lakes in Saskatchewan, Canada. Total Hg was also measured in the
cisco, yellow perch and salamanders, the major dietary prey items
for these populations. We observed a wide range of concentrations
in both types of DCCO tissue (range = 100–2770 and 258-25111
-1
ng g , in breast and liver, respectively). Across all lakes, THg
concentrations in breast was correlated with concentrations in
2
liver (r =0.44). Concentrations of THg in both breast and liver
varied significantly among different populations, with the lowest
concentrations observed in birds nesting on lakes in the Boreal
transition zone (Egg, Canoe, and Dore lakes; average for breast =
-1
191±29, 501±79, 446±51.3 ng g , respectively, average for livers =
-1
498±127, 1798±363, 3039±1019 ng g , respectively) and the highest
concentrations in birds nesting on a saline lake (Reed Lake; breast
g-1
and liver average = 2700 ± 188 and 16054±2222 ng , respectively)
in the south-west region of the province.
With the exception of the population on Reed Lake, the main diet
items for DCCO were yellow perch and cisco. The main diet of
birds nesting on saline Reed Lake was salamanders, which had
significantly higher THg concentrations compared to concentrations
in the prey of birds nesting on other lakes. In three of the five lakes
(Reed, Egg, and Last Mountain lakes) THg concentrations in breast
tissues of birds were explained by THg concentrations in main prey
items. However, in Canoe and Dore lakes, THg concentrations in
the breast tissue of DCCO were independent from those in the
prey items. Although THg concentrations in DCCO in Canoe and
Dore lakes were similar, concentrations in cisco and yellow perch
from Dore Lake were four and five times higher, respectively, than
those same prey items from Canoe Lake. Preliminary analysis of
food web structure indicates that differences cannot be attributed to
trophic position or pelagic vs. littoral feeding behaviours. Selenium
concentrations in liver tissues, as well as bioenergenic modelling
are currently being explored as possible explanations for the
disconnect between THg concentrations in prey items with breast
concentrations in the DCCO.
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HALL, Naima , DVONCH, J. Tim , MARSIK, Frank , LANDIS,
2
1
Matthew , KEELER, Gerald
(1) University of Michigan, hallnai@umich.edu (2) US EPA.
A study was conducted in southeastern Michigan to quantify
the impact of near-field emissions and to determine the relative
importance of local and regional sources of atmospheric wet and
dry mercury (Hg) deposition. During a three-week intensive in
summer 2007, three sites were chosen in urban and/or industrial
areas of Detroit thought to be impacted by near-field emissions
and one rural site was chosen to provide regional background
deposition amounts. Wet deposition was measured through the
collection of daily, event precipitation samples, while dry deposition
was measured using water surrogate surface sampling methods for
12 and 24-hour collection periods. In addition, ambient speciated
mercury was measured at all four sites. Over the sampling period
there was a significant difference between the total deposition at
urban/industrial Detroit sites and the rural site. While the total wet
2
deposition (1254-1390 ng/m ) for the sampling period averaged 1.4
times greater at the urban sites relative to the background site (943
2
ng/m ), the difference in total dry deposition was further enhanced,
2
nearly 4 times greater at the urban sites (463-778 ng/m ) relative
2
to the background site (158 ng/m ). Examining the ratio of dry
to wet deposition in proximity to different emission source types
can help inform and improve our understanding of dry deposition
processes within an urban/industrial airshed and contribute to the
improvement of models of Hg dry deposition.

RG11-P8
AQUATIC MERCURY ASSESSMENT OF THE SAVANNAH
RIVER SITE
1

1

HALVERSON, Nancy , PALLER, Michael H. , JACKSON, Dennis
1
G.
(1) SRNL, nancy.halverson@srnl.doe.gov
In 2000, the Environmental Protection Agency calculated a 2.8 ng/l
mercury water quality standard for the middle/lower Savannah
River watershed to protect human health by preventing fish tissue
mercury concentrations from exceeding 0.4 mg/kg. A proposed
Total Maximum Daily Load (TMDL) of 32.8 kg/yr was calculated
as the maximum mercury loading that would meet this standard.
Although the existing loading of 58.8 kg/yr was comprised of 99%
atmospheric deposition and 1% point source discharges, the TMDL
focused on point discharges, assigning wasteload allocations in
Georgia and requiring South Carolina discharges to meet the water
quality standard.
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An aquatic mercury assessment of the Savannah River Site (SRS),
2
an 800 km facility along the Savannah River in South Carolina,
was performed to develop a conceptual mercury model in a
subsection of the Savannah River watershed. The study produced a
diverse dataset collected over three years, investigating: 1) mercury
concentration/speciation in industrial discharges, streams, and river;
2) precipitation concentration/atmospheric deposition; 3) mercury
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bioaccumulation factors for fish; and 4) the use of clams to monitor
the influence of tributary mercury on river biota.
A heuristic mass balance indicated that mercury entered the SRS
from site operations, streams, river, and atmosphere at a rate of
30 kg/yr. Mercury leaving the SRS included 17 kg/yr via the river
and an undetermined quantity revolatilizing to the atmosphere.
Assuming a balance, mercury storage and revolatilization within the
study area totaled approximately 13 kg/yr.
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Total and methylmercury concentrations in streams and river were
similar to other Southeastern waters, with highest concentrations
downstream from cooling water reservoirs and in swamps. Mercury
levels were elevated in tributary discharges and clams from the
discharge areas, likely due to increased methylation in swamps
drained by the tributaries. The average atmospheric deposition rate
was consistent with the TMDL’s estimate, but the pattern of highs
and lows diverged from assumptions made in TMDL development.
Mercury released through outfalls was 1% of the total atmospheric
deposition on the SRS. Fish mercury levels depended on size,
location, season, and habitat. Taxon-specific bioaccumulation
factors varied by factors of three to eight, which could lead to
commensurate variation in derived water quality targets and
wasteload allocations. Results indicated the importance of sampling
extensively in time/space for fish tissue and aqueous mercury
concentrations to produce accurate bioaccumulation factors.
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FG10-O7
VERTICAL METHYLMERCURY DISTRIBUTION IN THE
SUBTROPICAL NORTH PACIFIC OCEAN
1

1

HAMMERSCHMIDT, Chad R. , BOWMAN, Katlin L.
(1) Wright State University, chad.hammerschmidt@wright.edu
Humans are exposed to toxic monomethylmercury (MMHg)
principally by consumption of fish from marine environments.
Major sources of MMHg to the ocean are suggested to include
continental margins, deep-sea hydrothermal vents and sediments,
and production in low-oxygen regions of the marine water column;
however, inability to measure MMHg in seawater at levels less
than about 50 fM has impeded our understanding of its oceanic
distributions and cycling. Here, through use of a new analytical
technique during the 2009 U.S. GEOTRACES Intercalibration in
the North Pacific, we report the first fully resolved (i.e., all species
detected), high-resolution vertical profile of both MMHg and
dimethylmercury (DMHg) in seawater of a major ocean basin.
Distributions of MMHg and DMHg, which are biogeochemically
and oceanographically consistent, suggest that both are synthesized
in low-oxygen and oxic strata of the water column and that the
deep sea is not an important source of MMHg to surface-dwelling
organisms. Our results imply that MMHg in seafood is derived from
depths of the ocean that are impacted by anthropogenic mercury
inputs and thus may be affected by future changes in mercury
emissions to the atmosphere.
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RG1-P8
STORAGE BOTTLE MATERIAL AND CLEANING FOR
DETERMINATION OF TOTAL MERCURY IN SEAWATER
1

1

HAMMERSCHMIDT, Chad R. , BOWMAN, Katlin L. ,
1
2
TABATCHNICK, Melissa D. , LAMBORG, Carl H.
(1) Wright State University, chad.hammerschmidt@wright.edu (2)
Woods Hole Oceanographic Institution.
Accurate determinations of trace levels of mercury (Hg) in water
require scrupulously clean sampling equipment and storage bottles.
To avoid Hg contamination during storage, it has been presumed
that water samples must be stored in either glass or Teflon® bottles
cleaned with a rigorous method, such as submersion in hot
concentrated acid. Such cleaning procedures are hazardous and time
consuming, and the use of Teflon® as a bottle material can be cost
prohibitive for major oceanographic programs. We investigated the
suitability of alternative cleaning procedures and bottle materials
for storage of seawater containing sub-picomolar levels of Hg. We
found that a simple cleaning technique with detergent, dilute acid,
and bromine monochloride removes Hg from all bottle materials
tested, which included FEP Teflon®, glass, polycarbonate, lowdensity polyethylene (LDPE), and fluorinated polyethylene (FLPE).
The stability of seawater Hg levels differed dramatically among
storage bottle materials during a 74-week test. Hg in seawater stored
in LDPE, FLPE, and FEP bottles was increased significantly within
15 weeks of storage at room temperature. In contrast, seawater
Hg levels were unchanged in glass and polycarbonate bottles
throughout the test. Contamination of seawater stored in FEP
bottles, presumably by diffusion of elemental Hg, calls into question
the accuracy of Hg determinations made on low-Hg samples stored
in this material for extended periods under these conditions. We
recommend future use of this new cleaning method and encourage
greater utilization of glass and polycarbonate bottles for storage of
waters containing low levels of Hg.

TG4B-P13
MERCURY ATMOSPHERIC DEPOSITION AT FOREST
AREAS IN YANGSURI, KOREA
1

1

HAN, Jin Su1, CHUNG, Young Chae , SEO, Yong Seok , LEE, Jong
1
1
1
Hwan , YI, Seung Muk , KIM, Mun Kyung
(1) Seoul National University, nets2002@snu.ac.kr
The purpose of this study was to characterize atmospheric mercury
deposition at forest areas by measuring dry deposition, wet
deposition, throughfall, litterfall, and soil evaporation of mercury.
Samples were collected at forest areas located in Yangsuri, Korea
from September 2008 through February 2010. Average RGM
-2 -1
dry deposition flux was highest in spring (1.16 ± 0.34 ng m h ),
while Hgp dry deposition flux was highest in summer (1.11 ±
-2 -1
1.05 ng m h ). Volume weighted mean (VWM) total mercury
(TM) concentration of throughfall was about two times higher
than the one of wet deposition. Wet and throughfall fluxes were
higher in summer possibly due to intense rainfall. Average wet and
throughfall fluxes during the sampling period were 4.33 ug m-2 yr-1
-2
-1
and 6.41 ug m yr , respectively. There was a negative correlation
between VWM TM concentration and rainfall depth and positive
correlation between TM wet deposition flux and rainfall depth.
-1
VWM TM concentrations (24.01 ± 13.49 ng L ) in snow were
-1
higher than those (5.87 ± 2.22 ng L ) in rain.
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THg concentration in soil was highest in A horizon of fir habitat
(77.82 ±3.04 ug/kg) and in B horizon of pine habitat (56.37 ±
-2
2.03 ug/kg). In this study annual litterfall flux was 9.95 ug m
-1
yr . Litterfall flux was higher from October to December possibly
due to the increase of leaves production. Hg emission flux in soil
-2 -1
was highest in June (1.48 ± 2.77 ng m h ), while it was lowest
-2 -1
in October (-0.15 ± 1.69 ng m h ). Annual Hg emission flux in
-2
-1
soil was 4.81 ug m yr . In this study, the ratio of wet deposition,
throughfall, and litterfall was 1 : 1.5 : 2.3.
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DISTRIBUTION OF TOTAL MERCURY IN MULTIENVIRONMENTAL MEDIA OF LAKE AN-DONG, SOUTH
KOREA
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KIM, YoungHee , LEE, Min-Do , PARK, Jin-Joo , SUK, Kwang-Sul
HAN
(1) NIER, nierhan@korea.kr

In this study, total mercury and methylmercury in water, plankton,
freshwater fish and sediments from Lake An-dong were examined
and the results were compared with previous national studies. Lake
An-dong, an artificial freshwater lake is located on the upstream
of River Nak-dong. Recently, the possibilities of its mercury
contamination became an issue since there are the possibilities of
historical mercury pollutions due to the locations of abandoned
mines and a zinc smelter in the upper stream. The total and
dissolved mercury levels in lake water were 2.06 and 0.95 ng/L
and 46% of mercury existed in dissolved forms. The mercury level
of predatory fish from Lake An-dong were quite higher than the
national average and some species did not showed any correlation
between the fish length and mercury content. The analytical results
of carbon and nitrogen stable isotopes for bluegill caught in Lake
An-dong and other lakes showed the bluegills from Lake An-dong
were higher trophic level than other lakes. Mercury levels in core
sediments were also higher than average national data and the
configuration of sediments were compared with those of abandoned
mining tails. The %methylation of the sediments were found to
be 0.76~2.09%. To access the interrelationships between mercury
and other chemical parameters in sediment, organic contents,
sulfur contents and other metals (Cu, Ni, Pb, Zn, Fe and Mn) were
examined and the concentrations of total mercury and manganese
and irons also showed statistically significant correlation
(RT-Hg-Mn=0.41, p<0.05) as well as other elements.

MG6-P11
THE STUDY OF MERCURY MASS BALANCE IN LAKE ANDONG, SOUTH KOREA
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HAN
(1) NIER, nierhan@korea.kr
The input, storage and output of total mercury were studied to
estimate mass budget for Lake An-dong, located in the South
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Korea. Lake An-dong, an artificial freshwater lake is located on
the upstream of River Nak-dong. Recently, the possibilities of
its mercury contamination became an issue since there are the
possibilities of historical mercury pollutions due to the locations of
abandoned mines and a zinc smelter in the upper stream. Mercury
species were measured in atmosphere, tributary and open-lake water
column, sediment, planktons and fish samples in the catchments
area of Lake An-dong and compared with the national average data
to evaluate the mercury pollution status. Deposition and emission
of gaseous mercury to and from Lake An-dong were measured
along with burial and diffusion rate of total mercury to and from the
sediment. The preliminary results of the mass balance study showed
that the largest input for total mercury was water inflow from
the upper stream during heavy rainy seasons and the sediments
are the largest reservoir of mercury with the average of 1.17% of
%methylmercury. Only less than 3% of mercury input was arisen
from atmosphere deposition. The large missing inputs of mercury
in the study were assumed to be storm water input and indirect
river inflow to Lake An-dong. The goal of this study was to provide
a scientific base of information to guide future mercury reduction
strategies by evaluating mercury levels in the examined ecosystem
and estimating mercury loading rates.

TG4B-P5
CONTRIBUTION OF TOTAL GASEOUS MERCURY (TGM)
USING TGM CONCENTRATIONS MEASURED IN URBAN
AND BACKGROUND AREAS, KOREA
1
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LEE, JongHwan , CHUNG, Young Chae
(1) Seoul National Univeristy, nets2002@snu.ac.kr (2) Seoul National
University.
The three objectives of this study were to measure ambient total
gaseous mercury (TGM) and co-pollutant concentrations in urban
area (Seoul) and background area (Kanghwa-island); characterize
TGM high concentration events by distinguishing between longrange transport events and local events; and estimate TGM emission
flux using measured TGM/CO ratio. Ambient TGM was measured
concurrently in urban area (the roof of Graduate School of Public
Health building in Seoul, Korea) and background area (Kanghwaisland in Yellow Sea) from January 2008 to December 2009. TGM
was measured with a mercury vapor analyzer (Tekran 2537A).
Hourly concentration of SO2, NO2, CO, O3, PM10 were obtained
from the National Institute of Environment Research (NIER).
The average concentrations of TGM and CO over the sampling
-3
period in urban and background areas were 3.68 ± 2.31 ng m ,
-3
662.73 ± 389.70 ppbv and 2.00 ± 0.87 ng m , 446.00 ± 247.85 ppbv,
respectively. TGM concentrations had positive correlations with
SO2, NO2, CO, and PM10 (p < 0.01) but had a negative correlation
with O3. TGM and CO concentrations were highest during the
winter and lowest during the summer. In urban area, totally
150 high TGM concentration events were identified: 107 events
were classified as long-range transport events and 43 events were
classified as local events. In background area, totally 91 high TGM
concentration events were identified: 61 events were classified
as long-range transport events and 30 events were classified as
local events. Five-day backward trajectory analysis starting at two
sampling site for long-range transport events showed that air parcels
arrived mostly from China among potential source regions.
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MG7-P14
PREDICTING INCREASES IN FISH MERCURY LEVELS IN
RESERVOIRS – A MODELING APPROACH BASED ON THE
EXTENT OF FLOODING AND FLOW
1

FG8-O3
BURROWING DRAGONFLY LARVAE AS SENTINEL
ORGANISMS FOR MONITORING METHYLMERCURY IN
NORTHERN TEMPERATE FRESHWATERS (USA)
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The bioaccumulation of methylmercury in freshwater fish is a
wide-spread problem, even in lightly contaminated, seemingly
pristine areas, such as national parks. The United States National
2
Park Service manages more than 18,200 km of aquatic resources.
Sampling to monitor mercury in fish across these ecosystems
requires specialized gear, personnel with technical expertise, and the
ability to execute sampling protocols in remote areas. We and others
have observed correlations between methylmercury concentrations
in larval dragonflies and total mercury in axial muscle of game
fish. Sampling larval dragonflies as sentinel organisms for
methylmercury contamination requires substantially less effort than
sampling fish. Larval dragonflies are commonly encountered among
the national park units in the western Great Lakes region, yet we
know little about their taxonomic, behavioral, or spatial variability-all of which are critical in evaluating their efficacy as biosentinels
for monitoring mercury in food webs. We sampled pre-emergent
dragonflies in late spring 2008 and 2009 from selected aquatic
ecosystems in six parks of the western Great Lakes region, including
Indiana Dunes National Lakeshore, Sleeping Bear Dunes National
Lakeshore, Pictured Rocks National Lakeshore, Isle Royale National
Park, Voyageurs National Park, and Grand Portage National
Monument. Larval dragonflies were sampled with hand-held nets in
nearshore habitats, identified to species and sex, measured (length),
lyophilized to a constant dry weight, and analyzed for total mercury
(THg) and methylmercury (MeHg). We initially focused on larvae
in the family Gomphidae, which burrow in loose substrates within
a centimeter of the water-sediment interface--where microbial
methylation rates tend to be great. We analyzed over 370 gomphid
larvae, which, as a group, averaged (±1 SD) 78 ± 26 percent MeHg
as a fraction of THg. Mean MeHg concentrations among gomphid
species were correlated with mean THg concentrations in predatory
fish (primarily northern pike, large yellow perch, and largemouth
bass) across sampled lakes. Gomphus spicatus, a widespread species
found in 13 of 25 water bodies, ranged in mean (±1 SD) MeHg
concentration from 19 ± 11 to 121 ± 47 ng/g dry weight. Variation
in mean MeHg concentration among sympatric gomphid species
was generally low, which suggests that sentinel groups may be
effectively monitored in aggregate, possibly at the genus or guild
level.
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and Associates.
A regression model has been developed to predict the relative
increase in fish mercury (Hg) concentrations following reservoir
creation, based on the extent of flooding and flow. Fish Hg levels
in reservoirs on the Canadian Shield increase following flooding,
often exceeding levels associated with consumption advisories.
Peak fish Hg levels tend to occur 5-15 years after flooding, then
decline towards background levels 2-3 decades post-flood. The
primary cause of increased fish Hg in reservoirs is flood-zone
decomposition, stimulating bacterial production of methylmercury
(MeHg), the dominant Hg form in fish. Observed relative increases
in fish Hg concentrations (peak/baseline) vary significantly among
Shield reservoirs, ranging from roughly 1.5 to 7 times above
background levels in adult sportfish. The purpose of the model is
to predict whether future reservoirs will result in low, moderate or
high relative increases in fish Hg levels. The model approach is
empirical but has mechanistic underpinnings. It is assumed that the
primary source of MeHg in new reservoirs is flooding, represented
by the fraction of the total reservoir area that is flooded. Removal
mechanisms in the model include outflow and a second term
aggregating processes that are effectively area based (sedimentation,
photochemical and biological degradation). The model has the
following form: PIF = a * (Af/(Q+b*At)) + c, where PIF = peak
relative increase factor above baseline (dimensionless), Af and At
= flooded and total area respectively (km2), Q = mean annual flow
3
-1
(km yr ), and a, b and c are calibration coefficients. Peak fish Hg
concentrations can be predicted by multiplying relative increases
by pre-flood baseline levels. The model has been calibrated for
northern pike and walleye using observations from 11 reservoirs
on the Canadian Shield, reasonably fitting observations. Results
improve when reservoirs in series are treated as a single reservoir
increasing in size travelling downstream, subject to the reservoirs
being flooded within a decade and being within 200 km of each
other, with no major additional water inputs in between. Model
results suggest that flow can be an important factor moderating
the relative increase in fish Hg levels in reservoirs. Run of the river
situations (high flow, low flooding) are still predicted however to
result in a 50-100% increase in fish Hg. This could be due to flow
dilution of MeHg in the water column but not in sediments, which
are also sources of MeHg to aquatic food webs.
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TS14-P5

DECLINE OF ECOSYSTEM HG LEVELS DURING THE
INITIAL RECOVERY PHASE OF METAALICUS

MERCURY CYCLING, BIOACCUMULATION, AND
OPTIONS TO REDUCE RISK IN THE GULF OF MEXICO
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(1) Reed Harris Environmental Ltd., reed@reed-harris.com (2) R&K
Research Inc.; (3) R&K Research, Inc.; (4) US Geological Survey;
(5) University of Alberta; (6) Trent University; (7) Smithsonian
Environmental Research Center; (8) University of Maryland Center
for Environmental Science; (9) Universite de Montreal; (10) University
of Western Ontario; (11) Fisheries and Oceans Canada; (12) Fisheries
and Oceans Canada (retired); (13) University of Wisconsin.
An understanding of the relationship between mercury (Hg) loading
to ecosystems and fish methylmercury (MeHg) concentrations
is critically needed by decision makers to assess the potential
benefits of Hg emission controls. The dose-response relationship at
contamination levels associated with global changes in atmospheric
anthropogenic Hg emissions has yet to be quantified. To better
understand this relationship, a whole-ecosystem experiment,
METAALICUS, is being conducted in northwestern Ontario,
Canada. Three stable Hg isotopes were applied to a lake, its upland
catchment and adjoining wetland from 2001-2007 at a rate of
-2
-1
~20 μg m yr , six fold greater than ambient wet Hg deposition
in this region. Results from the loading phase (2001-2007)
showed distinct differences in the rates of response of various
ecosystem compartments. Hg added to the lake surface began to
appear in biota within months, while Hg added to the terrestrial
system was exported to the lake very slowly (see companion
presentations on lake and terrestrial system by C. Gilmour and
D. Krabbenhoft respectively). Analogous to the loading phase,
ecosystem compartments responded at very different rates when
202
Hg additions stopped. Concentrations of inorganic Hg (lake
spike) declined more than 90% in the water column within a year
and were below detection limits by November 2009. Inorganic lake
spike concentrations in sediments also declined in the first two
years of recovery, although more slowly than in the water column
(~20%). Lake spike MeHg concentrations in sediments dropped
more rapidly, particularly in porewater, which declined by more
than half in the first two years of recovery. In contrast, upland
spike concentrations in runoff increased through the first year of
recovery and showed a modest decline in the second year. Wetland
spike concentrations in runoff and porewater have revealed steadily
increasing concentrations for two years following the cessation of
Hg additions. The response of small-bodied fish in the recovery
phase mirrors that of the loading phase, with rapid declines in the
proportion of MeHg derived from lake spike. Large-bodied fish
are showing only a minimal reduction in lake spike MeHg derived
from the loading period. Overall the initial recovery period of
METAALICUS indicates that fish Hg concentrations in ecosystems
will exhibit fast and slow phases of response following reductions in
atmospheric Hg deposition.
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The Gulf of Mexico (Gulf) is a vast waterbody with an area of 1.6
2
million km , draining 41% of the area of the 48 contiguous states in
the US. It accounts for more than 40% of the US marine recreational
fish catch and ~14% of the country’s marine commercial fish
landings. Elevated mercury (Hg) concentrations in Gulf fish have
resulted in consumption advisories for dozens of coastal and
offshore species. There is evidence that some species of fish in the
Gulf have Hg concentrations higher than those in the adjacent
Atlantic Ocean, suggesting enhanced rates of Hg loading, net
methylation and/or trophic biomagnification. Differences in fish
Hg concentrations among estuaries and among coastal regions
suggest variability in Hg sources and/or cycling within the Gulf.
There is a need to understand Hg sources and environmental
factors controlling elevated MeHg levels in Gulf fish in order to
develop options to reduce risks associated with fish consumption.
A screening-level mechanistic model of Hg dynamics and
bioaccumulation was developed to organize our understanding
and information needs for Hg cycling in the Gulf. A course scale
spatial grid was used with 15 coastal cells and 4 offshore cells.
Estimates of atmospheric Hg deposition were derived with outputs
from the US EPA’s CMAQ model. Water circulation was estimated
by aggregating outputs of the Navy Coastal Ocean Model to fit
the screening model’s grid structure. A simplified box model of
estuarine Hg cycling was also constructed to provide a preliminary
view of two-way interactions between Hg in estuarine waters and
the open Gulf. Model results indicate that water mixing in the Gulf
is sufficient that regions cannot be treated in isolation in terms of Hg
sources, but not complete enough to consider the Gulf well-mixed.
Atmospheric, terrestrial and Atlantic Ocean Hg inputs are all
predicted to be important sources to the Gulf with respect to Hg that
ultimately accumulates in fish, but the relative importance of these
sources varied widely among Gulf regions in model simulations.
Each of these three sources is predicted to be the largest input to
at least one model region. A Gulf-wide approach to Hg is needed
due to linkages between estuarine, coastal and pelagic zones. Total
and methyl Hg measurements in the water column and lower food
web are sparse in the Gulf (non-existent in offshore areas) and
monitoring and research are needed in multiple regions.
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TS12-P3
VARIABILITY IN HILLSLOPE RUNOFF PROCESSES AND
MERCURY FLUX DURING SPRING SNOWMELT AS A
FUNCTION OF INTER-ANNUAL DIFFERENCES IN SNOW
ACCUMULATION
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(1) University of Toronto-Scarborough, k.haynes@utoronto.ca
Spring snowmelt is an important period of mercury (Hg) export
from watersheds; contributing a large portion of the annual
Hg flux. The export of dissolved solutes such as sulphate and
dissolved organic carbon in meltwaters from upland soils may
affect Hg methylation rates in low-lying wetlands and subsequent
methylmercury (MeHg) export. Given the toxicological and
teratological effects associated with mercury and methylmercury to
ecosystem and human health, understanding hydrological controls
on mercury mobility, especially under a changing climate, warrants
further study. However, the impact of global climate change on
snowpack accumulation and the volume of spring runoff, and its
subsequent influence on mercury and solute mobility and transport
in forested watersheds are not well understood. In order to assess
the potential effects of climate change, El Niño-Southern Oscillation
(ENSO)-driven climate variability was used as a proxy by comparing
hydrological flows and mercury and solute mobility between the
winter of 2009-2010 with severely diminished snow accumulation
(with a snow water equivalent of 48 mm) and an early melt (earliest
local lake ice-off date on record) to the significantly greater snow
accumulation recorded for the 2010-2011 winter (with a current
snow water equivalent of >100 mm).
Spring runoff samples were collected from three replicate
instrumented, forested hillslope plots delineated in an uplandpeatland watershed at the Marcell Experimental Forest in northcentral Minnesota. Installed in each plot is a shallow subsurface
runoff trench equipped with digital flow datalogging. Total
mercury (THg) analysis of the spring 2010 runoff period revealed
an average overall freshet load of 60 micrograms THg from each of
-2
the three replicate plots, a flux of approximately 50 ng m upland
forest area. This THg flux data will be compared to that from the
2011 spring melt period in order to discern the potential effects of
an earlier and drier spring melt on Hg mobility and transport in
forested watersheds. The spring snowmelt period for 2009-2010 also
highlighted the important contribution of the melting of soil frost
following snowmelt in the export of THg from the hillslope, with
more than 80% of the THg mobilized as a result of soil frost melt.

MG7-P21
MOLECULAR STRUCTURE AND FUNCTIONAL GROUP
ARRANGEMENTS OF ORGANIC LIGANDS CONTROL
PHOTOCHEMICAL REDUCTION OF MERCURY
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1

Photochemical reduction of mercury (as Hg(II) species) is one of
the most important pathways of elemental Hg(0) production in
natural and contaminated open waters and plays a key role in Hg
cycling in the environment. This redox transformation is affected
by aqueous ionic species, among which the aromatic moieties of
naturally dissolved organic matter (DOM) are thought to be the
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most important because of their light-absorbing characteristics.
However, the exact mechanism by which DOM mediates the
photochemical reduction of Hg(II) is not yet clear owing to our
incomplete understanding of the structural arrangement and
stoichiometry of reactive functional groups in DOM. In this
study, DOM analogs including salicylic acid, 4-hydrobenzoic acid,
anthranilic acid, 4-aminobenzoic acid, and phthalic acid were used
to systematically investigate the role of functional groups and their
steric arrangements in photochemical reduction of Hg(II). We show
that the photochemical reduction rates of Hg(II) are influenced not
only by the neighboring functional groups but also their positioning
on the aromatic benzene ring structure. The reduction rate was
found to increase in the order of anthranilic acid > salicylic acid
> phthalic acid by varying neighboring functional groups from
amine, hydroxyl, to carboxyl on benzoic acid. The substitution
position of the functional groups affected reduction rates in the
order: anthranilic acid > 4-aminobenzoic acid and salicylic acid
> 4-hydroxybenzoic acid. Analyses of ultraviolet (UV) light
absorbance of these DOM analogs indicate that the Hg(II) reduction
rate is positively correlated to their UV absorption. The reduction
rate was also found to depend on the concentration of the organic
compounds, suggesting that the secondary reaction mechanism
is mainly responsible for the photochemical reduction of Hg(II)
in these systems. These observations shed additional light to the
understanding of the role of DOM in Hg photoredox transformation
and geochemical cycling in the environment.

TG5-P14
TECHNOLOGY EVALUATION FOR WATERBORNE
MERCURY REMOVAL FROM CONTAMINATED SOURCE
WATERS
1

1

1

HE, Feng , LIANG, Liyuan , MILLER, Carrie
(1) Oak Ridge National Laboratory, hef2@ornl.gov
Despite decades of efforts to reduce mercury (Hg) contamination,
low levels of mercury continue being discharged into the East Fork
Poplar Creek (EFPC) from the Y-12 National Security Complex
(NSC), Oak Ridge, Tennessee. This study has been carried out to
address how to remove waterborne mercury at concentrations
ranging from <1 to ~40 microgram/L (μg/L). To protect the
ecosystem of EFPC, significant mercury removal has to be achieved
before the discharge at the headwater of EFPC. However, the
high flow rate (1,300 gpm) presents a great challenge for mercury
removal using traditional treatment technologies. Two alternative
methods were evaluated. One was using SnCl2 to reduce Hg(II)
in the enclosed storm drain network to dissolved gaseous mercury
(DGM) prior to discharge at the headwater. Field tests conducted
in 2009 using ascorbic acid as dechlorinating agent achieved
an overall conversion rate of Hg(II) to Hg(0) of 92% at a molar
ratios of Sn:Hg of 25 (Southworth et al., 2010, ORNL/TM-2009).
Engineering calculation suggested that it is feasible to construct an
air-stripping system to remove DGM from 1300 gpm flow at the
headwater. A pilot test is being designed and implemented by Y-12
NSC to address key questions such as Hg-removal efficiency, and
the fate of tin in the environment. The other method was to remove
mercury at source areas. Extensive mercury data collected in the
past decades show that the mercury flux at the EFPC headwater is
mainly from a small number of relatively short sections of storm
drains. Laboratory testing has been conducted to evaluate the
efficiency of mercury removal by 8 different sorbents, including
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thiol-based resins, amine-coating Forager Sponge (Dynaphore), selfassembled monolayers on mesoporous supports (SAMMS) (Chen
et al., 1999, Sep. Sci. Technol. 34, 1121), and a layered metal sulfides
sorbent (KMS-1) (Manos and Kanatzidis, 2009, Chem. Eur. J. 15,
4779). The micro-scale KMS-1 particles were first incorporated into
the calcium-alginate beads to generate an engineering form that is
suitable for water treatment.
The experimental results show that the thiol-functionalized resins,
SAMMS, and KMS-1 have faster mercury sorption rates and
potentially higher Hg sorption capacity than GAC. Therefore, the
use of these materials can reduce the size of sorption vessel and
the frequency of sorbent replacement, as well as minimize the
generation of secondary waste.

TG10-P11
DOES DEPOSITION OF ATMOSPHERIC MERCURY IN
ARCTIC REGIONS LEAD TO ELEVATED UPTAKE OF
MERCURY TO MARINE PHYTOPLANKTON?
1

HEGGØY, Anette
(1) Norwegian University of Science and Technology, aheggoy@gmail.
com
The phenomenon of AMDE, Atmospheric mercury depletion
events, might represent a significant enhancement factor of the
mercury deposition rate to Arctic environments. These events tend
to occur during the period of early spring, leading to the concern of
the effect of these events on Arctic ecosystems, as they might occur
just before, or coincide, with the period of rapid growth of marine
biota.
The variation of mercury concentration in phytoplankton and
seawater collected from an Arctic fjord during a summer season was
examined. A possible correlation between snow melting, plankton
blooming and higher Hg concentrations was investigated.
Phytoplankton and seawater samples were collected from
Kongsfjorden outside Ny-Ålesund, Svalbard, in three distinct
periods during the summer months of 2010. Phytoplankton samples
were collected using both plankton net and Niskin Go-flow water
sampling bottles with Teflon coating. Plankton was obtained
from the water by filtration, using glass fiber (GFC) filters and
polyethersulfone (PES) filters.
The concentration of total mercury in the plankton samples was
measured using High Resolution Inductively Coupled Plasma
Mass Spectrometry (HR- ICP-MS). Corresponding phytoplankton
biomass was indicated by chlorophyll levels measured in the water
masses at the sampling point using CTD (conductivity, temperature
and depth), and by fluorescence measurements of chlorophyll a, in
collected samples. Water samples were analysed both on HR-ICPMS and Cold Vapour Atomic Fluorescence Spectroscopy (CVAFS).
The levels of total mercury were compared with measured levels
of metals such as aluminium to investigate the impact of particles
and the erosion from a nearby river. Furthermore, the results were
compared with data of snow melting, thawing, riverine outflow, and
Hg concentrations in air and snow.
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MG7-P34
BEST MANAGEMENT PRACTICES TO REDUCE
METHYLMERCURY CONCENTRATIONS AND EXPORTS
FROM SEASONAL WETLANDS IN THE YOLO WILDLIFE
AREA, CALIFORNIA USA
1

HEIM, Wesley
(1) Moss Landing Marine Laboratories, wheim@mlml.calstate.edu
There is widespread mercury (Hg) contamination in
the Sacramento-San Joaquin Delta (Bay-Delta). The Hg
species of greatest concern to human and wildlife health is
monomethylmercury (MeHg). Wetland habitat is well suited for
the conversion of inorganic Hg into the more toxic MeHg. As
current and future restorations increase total acreage of wetland
habitat in the Bay-Delta MeHg contamination in connected
adjacent waterways may worsen. The goal of this study was to
develop best management practices (BMPs) to limit MeHg loads
discharged off wetlands in the Yolo Wildlife Area (YWA) located
within the Bay-Delta complex. Two experiments were conducted:
1) measured MeHg concentrations in seven ponds during seasonal
flooding, and 2) measured MeHg as seasonal wetlands were drained
into permanent ponds. Results show concentrations of MeHg in
most of the seasonal ponds studied have an initial peak occurring
in fall followed by a decrease and a leveling off after January.
Concentrations are high (6-15 ng/L) relative to supply water
indicating seasonal wetlands produce MeHg. Permanent ponds
had lower MeHg concentrations than supply water from seasonal
wetlands. Reduction in MeHg concentration occurs once tail water
from a seasonal wetland enters a permanent pond. Permanent
pond S5 received water from a seasonal pond high in MeHg
(average 11.3 ng/L) and concentration was reduced by an order of
magnitude (average 1.18 ng/L). Permanent ponds acted as treatment
ponds and removed an average of 81% of the MeHg that entered the
ponds. Further development of a BMP using permanent ponds to
treat seasonal pond tail water is warranted from data presented in
this study. Several factors in permanent ponds may be important in
removal of MeHg and should be investigated to develop the BMP to
implementation stage. These factors include pond design, biological
communities, photodemethylation, hydraulic residence time, and
particle settling. Development of BMPs to reduce MeHg loads from
seasonal wetlands is relevant to wetland restorations as they limit an
increase in Hg contamination to surrounding waterways.

FG10-O8
SOURCES OF METHYLATED MERCURY IN OPEN OCEAN
AND ITS MARGINS
1

HEIMBÜRGER, Lars-Eric , COSSA, Dr. Daniel.
(1) LMTG-OMP, lars-eric.heimburger@lmtg.obs-mip.fr
Methylated mercury (MeHg) in the marine waters is primarily
from internal sources. Freshwater from rivers, groundwater and
atmosphere, and hydrothermal inputs represent a minor part of the
oceanic loading. The open ocean hypoxic waters, where microbial
activity is driven by the decomposition of organic matter, are
the main site of net MeHg formation. Recently numerous high
resolution MeHg profiles in the open ocean waters corroborate this
assessment. However, because of the heterogeneity of the oceanic
biomass, Hg methylation in particular milieus of the Ocean may
be of important environmental concern. These milieus include
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deep-sea nepheloide layers, continental margins (shelves, slopes
and continental rises), and sea-ice. We present examples from deep
Mediterranean waters, Northwestern Mediterranean shelf, and
Antarctic sea-ice. High resolution pictures near the liquid-solid
interfaces of these environments allow a better estimation of the
importance of these particular regions in the global oceanic MeHg
budget.

MG2-P4
EVOLUTION OF ATMOSPHERIC MERCURY DEPOSITION
AND EMISSION SOURCES RECORDED IN AN
OMBROTROPHIC PEAT BOG IN THE FRENCH PYRENEES
OVER THE PAST 10.000 YEARS
1

Ombrotrophic peat bogs integrate atmospheric deposition and can
therefore be used as archives to interpret variations of emission
sources, e.g. addressing anthropogenic impacts. Coal combustion is
nowadays the major anthropogenic source for Hg in the atmosphere.
The wide range of Hg isotopic compositions observed in coal
deposits suggests that Hg isotopes signatures may offer a new tool to
track mercury pollution. The isotopic signature of Hg accumulated
in peat bogs may give new insights about its biogeochemical cycling
and changes in emission sources. In September 2010, 3 peat cores
were collected in the Pinet peat bog (French Pyrenees, 880m
a.s.l.). This peat bog is relatively sheltered from direct emission
sources and integrates therefore mostly Hg transported over long
distances. The cores, that received atmospheric inputs during the
past 10.000 years, are about 5m long and have been dissected in
slices of 1cm allowing a temporal resolution of 20 years. We present
a comparison of the 3 cores to address the local variability of Hg
records, which are backed-up by auxiliary parameters such as loss
on ignition, water content and density. Furthermore, a combustion
and trapping method was used to isolate and purify Hg from the
organic matrix (Biswas et al., 2008) before analysis of Hg isotopes
using a MC-ICPMS “Neptune” with cold vapor generation. Total
Hg concentrations are around 30ng/g before times of significant
industrial emissions, consisted with other ombrotrophic peat
records, and increase significantly at the top of the cores. However,
several minor peaks are detected before industrial times. Hg stable
isotopes were used to investigate variations in Hg deposition, in
particular the increased impact due to coal combustion.

RG8-P18
MERCURY CONTAMINATION OF MACROINVERTEBRATES
FROM GRASSLAND PONDS WITH AND WITHOUT FISH
1

HENDERSON, Byron L. , CHUMCHAL, Matthew M. , DRENNER,
1
2
.2
Ray W. , DIAZ, Peter , NOWLIN, Weston H
(1) Texas Christian University, byronleehenderson@gmail.com (2)
Texas State University.
The purpose of this study was to examine mercury (Hg) in
macroinvertebrate communities from grassland ponds with and
without fish communities. We sampled macroinvertebrates from
five ponds with fish and five ponds without fish, at the LBJ National
Grassland in north Texas, USA.
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TG5-O4
ASSESSMENT OF NITRATE ADDITION FOR CONTROL OF
METHYLMERCURY CONCENTRATIONS IN ONONDAGA
LAKE
1

1

HEIMBÜRGER, Lars-Eric , ENRICO, Maxime , DE
2
2
1
VLEESCHOUWER , Francois , LE ROUX, Gael , SONKE, Jeroen E.
(1) CNRS-GET, heimburger@get.obs-mip.fr (2) ECOLAB.

1

Ponds without fish contained a higher biomass of
macroinvertebrates and taxa with higher concentrations of
Hg, which led to a greater pool of Hg in the macroinvertebrate
community of fishless ponds. Seventy-three percent of the
macroinvertebrate biomass from ponds without fish was composed
of taxa capable of emerging and these taxa have the potential to
transport Hg out of ponds into terrestrial food webs.

2

2

HENRY, Betsy , GLAZA, Edward , BABCOCK, David ,
3
3
4
MATTHEWS, Dave , EFFLER, Steve , DRISCOLL, Charles ,
4
TODOROVA, Svetla
(1) Exponent, henryb@exponent.com (2) Parsons; (3) Upstate
Freshwater Institute; (4) Syracuse University.
Onondaga Lake in Syracuse, NY has been impacted by a long
history of municipal and industrial activity, including two former
mercury cell chlor-alkali plants. In addition to nearshore sediment
dredging and capping to address sediment toxicity concerns, the
Consent Decree for the Onondaga Lake Superfund Site includes
performance of a pilot study to evaluate the potential effectiveness
of nitrate at reducing the formation of methylmercury in bottom
waters of the lake where oxygen becomes depleted during
summer stratification (i.e., the hypolimnion), while preserving
normal stratification within the lake. Nitrate concentrations in
Onondaga Lake have approximately doubled since implementation
of a nitrification system (to reduce ammonia discharges) at the
Metropolitan Syracuse Wastewater Treatment Plant in 2004.
From 2006 through 2010, redox species (including oxygen, nitrate,
and sulfide), total mercury, and methylmercury were monitored
in the water column of Onondaga Lake to evaluate the roles of
oxygen and nitrate in controlling methylmercury concentrations
in lake water. In addition, mercury concentrations in bulk
zooplankton, Daphnia, and fish were monitored. Data show that
both oxygen and nitrate control methylmercury accumulation in
the hypolimnion during summer stratification. There is now an
approximate two week delay relative to 2006 in the depletion of
oxygen and nitrate at the deepest depths in the lake, and sulfide
is only rarely detected. Maximum mass of methylmercury in the
hypolimnion in 2007-2010 (19 – 60 g) is approximately 3-10 times
lower than that observed in 2006 (199 g) and 5-17 times lower
than in 1992 (318 g). Current water quality conditions in the lake,
including epilimnetic nitrate concentrations of approximately 2
mgN/L, have resulted in a significant decrease in methylmercury
concentrations in the hypolimnion and epilimnion, even during
non-stratified periods. Tissue concentrations are also responding
to the decreased methylmercury release from profundal sediment.
Stable carbon and nitrogen isotope analysis of tissue indicates
that the carbon source to upper level fish (i.e., smallmouth bass,
walleye) is predominantly plankton, therefore decreases in water
column concentrations should eventually be reflected in fish tissue.
To further assess the utility of nitrate addition, a 3-year pilot test
with extensive monitoring begins in 2011. The pilot test will include
addition of liquid nitrate diluted with lake water at a water depth
approximately 1 to 2 m above the lake bottom in order to maintain
a nitrate concentration of 1 mgN/L and minimize the release of
methylmercury to overlying water.
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A simple mercury inhalation exposure model is presented, along
with a discussion of biomarker levels following different types of
mercury exposure.

RG3-O7
MODELING EXPOSURE TO MERCURY VAPOR FROM
POLYURETHANE FLOORS IN SCHOOL GYMNASIUMS
1

2

3

HERBRANDSON, Carl , SWAIN, Edward , BUSH, Christina R.
(1) Minnesota Department of Health, carl.herbrandson@state.mn.us
(2) Minnesota Pollution Control Agency; (3) Michigan Department of
Community Health.
Even with most known mercury and mercury-containing products
removed from schools, in some schools there is potential for
significant exposures from unexpected sources. For example, some
polyurethane floors installed in school gymnasiums since the late
1960s contained up to 0.1% mercury as a catalyst. The total amount
of mercury in a large gym floor at the time of installation may have
exceeded 20 kg. Monitoring data show that mercury-retention times
are long, and that mercury vapor concentrations in gymnasiums
floored more than 15 years ago can still exceed health-based criteria.
Mercury vapor emissions from mercury-containing floors increase
with higher temperature. As a result, emissions from floors are
likely highest during seasons when ground temperature is warm
and active ventilation is at a minimum. In Minnesota, this is likely
in the late summer and early fall. Mercury vapor concentrations can
be reduced below levels of concern by active ventilation to outside.
Exposure models and mitigation strategies will be presented.

MG14-P13
EVENT-RELATED BIOMARKERS OF ELEMENTAL
MERCURY EXPOSURE.
1

HERBRANDSON, Carl
(1)Minnesota Department of Health, carl.herbrandson@state.mn.us
While it is rare that elemental mercury exposure incidents lead to
measurements of elevated mercury exposure, parents almost always
want their child tested during a mercury exposure incident. A lack
of understanding about the behavior of elemental mercury in the
body can create confusion when evaluating measures of exposure.
Two incidents demonstrating the utility of different measures of
individual mercury vapor exposure in biological specimens will be
discussed:
•

•

A seven year old boy was hospitalized with leg pain,
tachycardia, hypertension, excessive sweating, weight loss, and
skin rash. Results from heavy metals urine analyses suggested
a significant mercury exposure. The child was diagnosed with
acrodynia (a severe childhood disease resulting from mercury
poisoning). Environmental sampling of the child’s home
disclosed a small old mercury spill in the carpet where the boy
watched television. The spill resulted in high, localized mercury
vapor concentrations and a longterm exposure. Exposure of
this child, and not his younger siblings, was likely caused by
different behaviors.
Eighteen children were exposed to a large amount of elemental
mercury for a relatively short period of time. Samples of blood,
urine and/or exhaled air were taken from 14 individuals. Data
were used to model likely exposures. Mercury vapor in exhaled
air was found to be a useful marker of incident exposure and
re-exposure.
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WS12-O1
CLIMATE COMPONENTS IN THE AQUATIC MERCURY
CYCLE
1

2

HERMANNS, Yvonne , MARTINEZ-CORTIZAS, Antonio ,
3
4
5
6
KILIAN, Rolf , ARZ, Helge , STEIN, Ruediger , BIESTER, Harald
(1) Institute of Environmental Geology, Technical University of
Braunschweig, y-m.hermanns@tu-bs.de (2) Department of Pedology
and Agricultural Chemistry, Faculty of Biology University of Santiago
de Compostela; (3) Department of Geology, FB VI, University of Trier;
(4) Leibniz Institute for Baltic Sea Research Warnemünde; (5) Alfred
Wegener Institute for Polar and Marine Research; (6) IInstitute of
Environmental Geology, Technical University of Braunschweig.
The role of climate in controlling mercury fluxes to aquatic systems
is mostly unknown, but crucial to predict global warming related
changes in mercury enrichment in aquatic systems. Although, a
climate component in the mercury cycle is likely, its magnitude,
especially on larger time scales, is not known. Mercury cycling
in and between aquatic systems and soils is known to be coupled
to organic matter dynamics and changes in climate may affect
atmospheric mercury fluxes and leaching of organic matter bound
mercury from soils. Moreover, recent studies suggest a relationship
between increasing mercury accumu¬lation in lake sediments and
increased algae production during the warming past century. We
investigated a 4250 years old and 450cm long sediment core from
a remote lake in Patagonia (53 °S) for climate driven changes in
accumulation of mercury and organic matter from different sources
using a multi-proxy approach and multivariate statistics (Principal
Component Analyses). Differentiation of organic matter sources
was based on hydrogen/carbon- and oxygen/carbon- (Rock-Eval
Analyses) as well as nitrogen/carbon ratios. Mercury concentrations
and accumulation rates in the organic matter dominated (~ 70
wt. %) sediments show strong variations through time varying by
-1
-1
a factor of ~ 4, between 87 and 362 μg kg (median 187 μg kg )
-1
-1
and 14 to 53 μg m-2 yr (median 29 μg m-2 yr ), respectively.
Mercury concentrations and mercury accumulation rates shows
a striking covariance with hydrogen/carbon and N/C ratios,
pointing to a relationship between mercury accumulation and
within-lake productivity. Moreover, principal component analysis
reveals a strong covariance of mercury with copper indicating that
precipitation controlled soil leaching of both organically bound
metals is a major pathway to the lake. Mercury accumulation was
found to be highest during warmer and wetter and lower during
cold and dry periods indicating a strong influence of climate on
mercury accumulation. Besides that both processes may have an
influence on mercury sedimentation we conclude, that, for mass
balance reasons, changes in mercury leaching from catchment soils
is the predominant factor for the observed changes in mercury
accumulation in sediments of this lake. In addition, increased
production of algae during warmer periods may cause enhanced
scavenging of mercury bearing soil derived dissolved organic matter
by sorption to or uptake by algae. This magnitude of prehistoric
climatic induced variation in mercury accumulation is comparable
to the recent anthropogenic forcing of the mercury cycle (factor of
3-5).
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WS12-O2

RG11-P12

CONTROLLING FACTORS OF MERCURY ACCUMULATION
IN LAKE SEDIMENTS DURING THE PAST 17,000 YEARS –
A CASE STUDY FROM SOUTHERN PATAGONIA

A YOUNG-OF-THE-YEAR (YOY) PREDATORY FISH STUDY
TO ASSESS TRENDS IN ATMOSPHERIC HG DEPOSITION
IN MARYLAND

1

1

HERMANNS, Yvonne , BIESTER, Harald
(1) Institute of Environmental Geology, Technical University of
Braunschweig, y-m.hermanns@tu-bs.de
The coupling of mercury and organic matter has been considered
as an important factor controlling the transport of mercury in
and between terrestrial and aquatic systems. While some studies
suggest that accumulation of mercury in lake sediments is mainly
controlled by varying fluxes of organic matter bound mercury
from the catchment soils, other propose changes in aquatic
productivity and related scavenging by algae as a major process.
Despite that both processes are to a vast extent controlled by
climatic conditions long term records of mercury accumulation
in lake sediments encompassing different climatic conditions have
been rarely investigated. We investigated a 17,000 year old high
resolved record of mercury and organic matter accumulation in
sediments of a remote lake system in southern Patagonia (53 °S),
Chile. Sources of organic matter were examined (aquatic versus
terrestrial) based on C/N ratios. To account for the contribution of
different mercury sources local rocks and soils, as well as terrestrial
and fresh aquatic organic material (algae) were analyzed for their
mercury content. The composition of the sediment record indicates
profound environmental and climatic changes throughout the past
17,000 years. On a long term accumulation of sediment organic
matter increased by a factor of ~ 3 reflecting a strong increase
of organic matter accumu¬lation in catchment soils. Mercury
accumulation rates in sediments remained nearly constant (median
-2
-1
29 μg m yr ), suggesting similar long term atmospheric fluxes,
but changing equilibrium between mercury storage in catchment
soils and Hg leaching from soils. However, short term changes in
mercury accumulation vary in a wide range between 10 to 157
-2
-1
μg m yr (factor 16) even exceeding the anthropogenic forcing
of modern atmospheric mercury fluxes (factor 3-5). Statistical
data evaluation based on Principal Component Analyses reveals
a striking covariance of mercury with other organically bound
elements in soils such as copper or yttrium, but only a weak relation
to total organic matter accumulation. This points towards short term
changes in soil leaching of organically bound metals attributed to
changes in climatic conditions e.g. precipitation. Moreover, changes
in organic matter sources in the past 4500 years as indicated by
C/N ratios reveal that mercury scavenging by algal derived organic
matter may enforce mercury accumulation during wetter and
warmer periods when mercury leaching from soils is also high.
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HEYES, Andrew , GILMOUR, Cynthia C. , PROCHASKA, Tony ,
3
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SHERWELL, John , JENNY, Elizabeth , RULE, Tim
(1) University of Maryland Center for Environmental Science,
heyes@umces.edu (2) Smithsonian Environmental Research Center;
(3) Maryland Department of Natural Resources ; (4) Maryland
Department of the Environment.
Regulations to control mercury (Hg) emissions from power
utilities have been implemented in the State of Maryland. These
regulations arose in response to elevated levels of methylmercury
(MeHg) in fish and other animals, and the associated risks to
people and wildlife. Maryland’s major coal-fired power plants
have implemented a mix of flue gas desulfurization and activatedcarbon Hg capture technologies, which came online at the onset of
2010. To assess the impact of expected Hg emission reductions, we
developed a standardized young-of-the-year (YOY) predatory fish
monitoring program to provide a rapid assessment of changes in Hg
bioaccumulation. The program is designed to measure year-to-year
and long-term trends in MeHg bioaccumulation in both Maryland
freshwater reservoirs and Chesapeake Bay. Two widespread species
were chosen as monitoring sentinels: Micropterus salmoides
(largemouth bass) for freshwaters, and Morone americana (white
perch) for the tidal Chesapeake. This project utilizes the existing
Maryland Department of Natural Resources YOY fish collection and
monitoring programs.
Each year since 2008, 25 YOY fish have been collected from each
of nine freshwater reservoirs and four sites in the Chesapeake Bay
and its tributaries. Samples were collected in at the same time of
year (late summer) to coincide with existing state YOY monitoring
programs and capture fish of the same age and size.
Mercury concentrations in largemouth bass vary greatly among
-1
sites, with mean site concentrations ranging from 14 to 160 ug g
wet weight. This is consistent with wide variations observed among
water bodies in prior measurements of adult bass and other species
across Maryland. Mercury concentrations in white perch were
-1
smaller and ranged from 4 and 12 ug g wet weight. Site differences
in the average concentration of Hg in YOY white perch collected
in 2008, 2009 and 2010 were small, falling within the standard
deviation of the mean of the 25 fish collected from each site. In
2010, concentrations in largemouth bass collected at three of nine
the freshwater sites were significantly lower than the previous two
years. We will compare Hg deposition data from mercury deposition
network [MDN] sites in Maryland and the region with the temporal
and spatial trends observed in YOY fish. Other factors that may
influence Hg concentrations in YOY fish will be also discussed
such as water level manipulations in the reservoirs and interannual
changes in fish size.
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MG7-O10

RS9-P6

MERCURY DEPOSITION AND CYCLING IN A
CHESAPEAKE BAY WATERSHED DURING THE PERIOD OF
LOCAL HG EMISSION REDUCTIONS

THE ORGANIC MATTER CONTROL ON MERCURY
RETENTION, RELEASE AND TRANSPORT IN A BOREAL
WATERSHED

1

2

1

HEYES, Andrew , GILMOUR, Cynthia C. , JENNY, Elizabeth ,
2
2
3
BELL, Tyler , RIEDEL, Georgia , SHERWELL, John , PROCHASKA,
3
Tony
(1) University of Maryland Center for Environmental Science, heyes@
umces.edu (2) Smithsonian Environmental Research Center; (3)
Maryland Department of Natural Resources.
We made use of the long-term research site at the Smithsonian
Environmental Research Center (SERC) in central Maryland to
study the fluxes of mercury (Hg) and methylmercury (MeHg)
in three small first-order mid-Atlantic coastal plain watersheds.
Our goals include the first assessment of watershed Hg yields in
the mid-Atlantic; an assessment of MeHg production in shallow
groundwater; and establish a baseline to assess any change
following implementation of Hg emissions regulations. While
tracking changes in atmospheric deposition is relatively straight
forward, observing changes on MeHg concentrations in the various
environmental compartments of an ecosystem, including the
biological receptors, is a bigger challenge. Our watershed research is
part of a larger framework we have been developing at SERC, which
includes a Mercury Deposition Network Site, and studies of Hg and
MeHg dynamics in the estuarine receiving water body and tidal
wetlands.
This presentation will focus on deposition and flux of Hg and MeHg
from 2008 through 2010. The watersheds reflect three landuse
types – forest, agriculture and mixed development. Deposition of
Hg in precipitation prior to implementation of emissions controls
-2
on Maryland power plants was between 5.98 and 8.2 ug m , with
the highest loadings, driven by rainfall, in the spring and summer.
In our watersheds, spring and summer rain were generally released
whereas winter precipitation mainly went to storage.
The three studied watersheds produced relatively high yields of Hg
(20 to 37%) in relation to deposition, exporting approximately 30
mg of Hg ha-1 in 2008. We found substantial production of MeHg
in all three watersheds which resulted in fluxes ranging from 0.6
-1
to 1.3 mg ha in 2008. Studies within the watersheds suggest that a
substantial fraction of MeHg is produced in stream banks/riparian
zones. While the importance of MeHg production in stream banks
has been proposed, the variations in productivity based on the
seasonal distribution and amount of precipitation have only been
hypothesized. Stream water and riparian zone chemistry, namely
the production of ammonia, strongly connects the evolution of
microbial community within the riparian zone to MeHg export. The
location and importance of the Hg methylation sites, both in terms
of flux and biological relevance are largely controlled by stream
hydrology. We suggest MeHg originating in stream banks are an
undocumented yet potentially significant source of MeHg to the
Chesapeake Bay.
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HEYES, Andrew , GHORPADE, Sarah , GILMOUR, Cynthia C
(1) University of Maryland Center for Environmental Science, heyes@
umces.edu (2) University of Toronto; (3) Smithsonian Environmental
Research Center.
Mercury (Hg) in watersheds is strongly associated with soil organic
matter. As a result, Hg retention is associated with soil formation
and mobility with the release of dissolved and particulate organic
matter. In Boreal systems, dissolved organic matter (DOM) is
the main vector of Hg transport. As components of DOM are
differentially reactive, the nature of DOM ligands carrying Hg will
influence the fate of Hg within various watershed compartments.
Using the METAALICUS watershed, we examined the solid phase
partitioning of newly-deposited Hg (applied as an enriched Hg
isotope) and the existing ambient pool of Hg in different soil
horizons using a sequential extraction approach as a proxy for
Hg-DOM solubility and potential mobility. The applied Hg isotope
is largely constrained to the litter and organic soil horizons, but is
most easily extracted from the litter layer. The organic soil horizon
contains the highest concentration of ambient Hg and the largest per
gram amount of easily extractable ambient Hg.
We characterized the DOM by molecular weight fractionation
and lignin phenol composition, in water collected from different
hydrological settings; soil porewater, flow path convergence zones
and streams. While low molecular weight (LMW) DOM compounds
were more mobile, high molecular weight (HMW) fractions
contained both more ambient Hg and enriched Hg isotope per unit
carbon. Source material composition, as indicated by lignin phenols,
did not vary widely and was not well correlated with Hg.
In summary we found that potential Hg solubility, as determined
by sequential extractions, is greatest in the soil organic horizon.
The enriched Hg isotope, which has been resident on average for
only 5 years, has not yet penetrated into the soil profile to show
the same distribution as ambient Hg and thus does not have the
same mobility potential. While the Hg isotope is measurable in
the soil porewater, little is currently being transferred through
surface and subsurface flow paths. In the soil porewater, both
ambient Hg and enriched Hg isotope are preferentially associated
with high molecular weight DOM but it is low molecular weight
DOM that is more mobile. The molecular weight bias of Hg within
DOM may explain the rapid loss of both ambient Hg enriched Hg
isotope before entering major flow paths or streams. Loss, either
by retention or degradation of HMW DOM thus retards Hg export
from watershed.
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TG5-O1

TG3-P8

REDUCTION OF MERCURY EMISSIONS ON ALMADÉN
MINING DISTRICT DURING TEN YEARS OF REMEDIATION
WORKS.

CONTINUOUS AUTOMOBILE HG AIR SURVEYS FOR
ATMOSPHERIC ENVIRONMENTAL MONITORING IN
DIFFERENT WORLD SCENARIOS.

1

2

3
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(1) Universidad de Castilla-La Mancha, pablo.higueras@uclm.
es (2) Instituto de Geología Aplicada, Universidad de Castilla-La
Mancha. 13400 Almadén (Ciudad Rea), Spain; (3) Departamento de
Cristalografía y Mineralogía, Universidad Complutense de Madrid.
28071 Madrid, Spain; (4) Instituto de Geología Aplicada, UCLM.
Pl. Manuel Meca, 1, 13400 Almadén (Ciudad Real); (5) Instituto de
Geología Aplicada, Universidad de Castilla-La Mancha; (6) Instituto
de Geología Aplicada, UCLM. Pl. Manuel Meca, 1, 13400 Almadén
(Ciudad Real), Spain.
The Almadén mercury mining district has delivered one third of
total mercury human production. This has caused an important
dissemination of mercury in the local environment. Of particular
importance are the atmospheric mercury emissions, historically
coming from metallurgy, open mines, mine dumps and
contaminated soils from mining and metallurgical precincts. At
2003 all the mining and metallurgical activity ceased, and some
remedial works have been carried out in the area, causing an
important reduction of such emissions. We have monitored and
present here these reductions, measuring mercury concentrations
both in the regional and local scenarios before, during and after
these remedial works.
Measurements have been carried out by means of a LUMEX
RA-915+ Zeeman effect Atomic Absorption Spectrometer, during
a number of surveys carried out from 2002, with the mines and
metallurgical plant in activity, to present day. They correspond to
car-driven surveys, with GPS georeferenciation and with continuous
measurements every second.
Our first survey was carried out in March 2002, with one of the
four metallurgical furnaces in operation, and geometric average
-3
concentrations (GAC) were 39 and 82 ng m for regional and local
scale surveys respectively. In June 2002, with summer temperatures
and with the metallurgy inactive these concentrations were 49 and
-3
61 ng m , again respectively for the regional and local surveys:
there is an increment in the regional concentrations, due to the
difference in temperatures, and an important local decrease due to
the metallurgical activity cessation.
Another important milestone was the reclamation of the main
-3
Almadén mine dump, producing GAC of 57.3 ng m during the
-3
process, which reduced to 22.6 ng m after it. In February 2011
-3
these concentrations were of 11 ng m .
In 2004 El Entredicho open pit was completely filled with water,
-3
what caused a descent of GAC from 74 ng m in June 2002 to 36 in
February 2011.
Some sites still deserve some reclamation measures, such as
Almadenejos metallurgical precinct, which is nowadays the main
source of mercury to the atmosphere, with GAC of 13, 23 and 24
-3
ng m in June 2002, November 2008 and February 2011, measured
in an area including the village of Almadenejos (468 inhabitants),
affected by concentrations close the WHO limit for chronic
-3
exposure of 200 ng m .
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(6) Geological Survey of Slovenia, Ljubljana, Slovenia; (7) Centro
de Investigaciones Energéticas, Medio Ambientales y Tecnológicas
- CIEMAT. 28071 Madrid, Spain; (8) Universidad Mayor de San
Andrés. La Paz (Bolivia).; (9) Oikon Ltd., Zagreb, Croatia; (10)
Tshwane University of Technology, Pretoria, Republic of South Africa.;
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We describe a cost-effective technique for detecting mercury
emission sources and polluted sites using continuous automobile
Hg air surveys (CAHGS). Large cities, countryside, important
sources of Hg gas can be studied in a matter of hours using CAHGS,
having a complete picture regarding baseline data and anomalous
concentrations.
We have carried out such surveys in Europe, South America and
Africa with excellent results, using a LUMEX RA-915+ device
coupled with a GPS for data georeferencing. The LUMEX RA915+ is a well known instrument for continuous monitoring of
total mercury in the atmosphere; the analytical procedure is based
on Zeeman Atomic Absorption Spectrometry, with a dynamic
-3
measuring range between 1 and 25,000 ng m .
We have been able to monitor the progressive reduction of Hg
emissions from the Almadén district (Spain) while roasting of
cinnabar ore at the city was coming to an end. We also measured
a significant reduction of Hg from the main waste dump while
restoration works were taking place. At Idrija (Slovenia) the results
put forward high to very high concentrations in the surroundings of
two main local sources: the old roasting plant and a mine ventilation
shaft. A cross section of St. Petersburg (Russia) allowed discovery
of several unknown sources of mercury emissions from heavily
contaminated sites. At the Podravina (Croatia) gas processing
facility the results indicated than the pollution hazards were brought
to a minimum level since an efficient, closed mercury removal
system was built.
Jewelry works using mercury from local artisanal miners at El
Callao (Venezuela) produced extremely high concentrations of Hg
air, whereas the old mining site of Andacollo (Chile) Andacollo
(Chile) only showed high concentrations at the classical artisanal
trapiche gold mills. We went further at Chile, visiting more than
one site with a mining/metallurgical past, covering about 10,000
2
km in just five days, thus gaining a regional perspective. In Pretoria
(South-Africa) we measured background Hg content about 1.7 ng
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-3

those areas that have similar chemical features, i.e. high CO2-rich
vents, such as the Calatrava Volcanic Field in Central Spain, to those
investigated in the Tuscan volcano.

m , while at a Portland Cement factory its concentration rises to
-3
30-50 ng m .
Besides, we also observed at Potosí (Bolivia), unusually low Hg
air emissions from soils can be also the result of biological and
physicochemical transformation of metallic mercury to cinnabar/
metacinnabar and/or schuetteite. Thus we recommend that as
a standard procedure some low concentration areas should be
checked by classic, on foot, field collected data.

WHO, 2000. Air quality guidelines for Europe. WHO Regional
Publications European Series 91, World Health Organization
Regional Office for Europe, Copenhagen, 288pp.

TS16-O1
CONTROLS ON MERCURY TRANSFORMATIONS IN
FRESHWATER, COASTAL, AND MARINE SEDIMENTS
DOWNSTREAM OF THE IDRIJA MERCURY MINE

TS16-P5
PRELIMINARY DATA ON ATMOSPHERIC MERCURY
CONCENTRATIONS IN RELATION TO THE MONTE
AMIATA VOLCANIC- AND MERCURY MINING AREA.
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The Mt. Amiata area is the youngest and largest volcanic edifice
in Tuscany (central-northern Italy) and is characterized by a
geothermal field, exploited for the production of electrical energy.
The Mt. Amiata volcano is mainly constituted by trachydacitic
rocks, and hosts the world first class mercury deposit close to the
city of Abbadia San Salvarore. Besides, the area is rich in hypogenic
activity, including thermal waters and CO2 rich emissions, some of
them used as touristic resorts (e.g. Bagni San Filippo).
In the present work we describe some preliminary data on mercury
emissions related to both former mercury mine facilities and
hypogene activity. Surveys were carried out by car for long distance
regional surveys, and by feet for local scale surveys.
We have carried out the surveys by means of a LUMEX RA915+ device, an Atomic Absorption Spectrometer with Zeeman
effect, able to measure atmospheric mercury concentrations with
-3
a measuring range between 2 and 25000 ng m , and with data
acquisition every second.
Results put forward that both the decommissioned mines and the
CO2-rich emissions generate atmospheric mercury concentrations
-3
that occasionally reach over 25.000 ng m , well above the reference
-3
levels for chronic exposure to this pollutant (1000 ng m , WHO,
2000), fortunately not affecting the urban areas. It is to mention
that even away from the mining activity, high Hg concentrations
are found, particularly close to degassing vents that show values
comparable to those in the mining zones. This suggests that other
than the mineralized zones from where Hg was extracted and
converted to industrial product, the Mt. Amiata volcanic complex is
de facto an anomalous geological container of mercury as a whole.
Consequently, further investigations are needed to both better
define the real zone of Hg anomaly and characterize the background
values of gaseous Hg in this region. There are few doubts that far
from the Mt. Amiata area the concentrations of atmospheric Hg are
comparable to the standard background level worldwide even in
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Mercury (Hg) mining results in a legacy of contamination that can
occur large distances for the source and can persist for decades
after mining ceases. The Idrija Hg mine in Slovenia recently closed
after more than 500 years of operation. Mercury concentrations are
elevated throughout the Idrija River system, downstream after the
confluence with the Soča river, and well into the northern Adriatic
Sea and coastal lagoons more than 100 km from the mine. Since
the accumulation of methylmercury (MeHg) is a function of both
its production and degradation, we used radiotracer methodology
203
197
to investigate mercury methylation ( Hg and Hg), MeHg
14
demethylation ( C), and sulfate reduction (SR) in sediments in the
lower freshwater region of the Isonzo River, the coastal lagoons,
and in the Gulf of Trieste. Mercury was readily methylated and
demethylated in all sediments, but the relative activity of these
processes varied greatly with location, sediment depth and time of
year. Methylation activity increased from freshwater to brackish
regions and was relatively similar in magnitude throughout the
marine sites. However, demethylation was extremely high in the
estuarine and lagoon sites. Ratios of methylation to demethylation,
which were low in these coastal sites, increased further offshore
in the Gulf, which agreed with increased ratios of MeHg to total
Hg in Gulf sediments. Comparisons of microbial activities and
experiments using microbial inhibitors and stimulants showed
that SR strongly controlled both methylation and demethylation.
Nitrate amendments strongly inhibited methylation, but stimulated
demethylation. Iron also stimulated demethylation, but did not
affect methylation. Pore water Hg and microbial activity data
showed a dynamic seasonal cycle of S and Hg in which Hg is rapidly
mobilized in spring/summer and Hg methylation is active. Hg
availability and methylation decrease as sulfide increases in late
summer and early fall. Later in fall and winter, demethylation
dominates and MeHg decreases. Demethylation is predominantly
oxidative, but becomes reductive in winter in surficial sediments.
The freshwater to marine gradient in the Idrija/Soča /Isonzo/
Adriatic region is dynamic, exhibiting seasonally and horizontally
variable rates of SR and Hg transformations. Ratios of activities
demonstrated that despite the mobilization of Hg that occurs
in brackish waters, shallow coastal sediments are very active at
demethylation, which keeps MeHg levels lower than might be
expected otherwise. However, this methylation becomes more
dominant offshore.
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MG6-P3
MONITORING RESULTS FOR SULFATE AND
METHYLMERCURY IN NORTHERN MINNESOTA STREAMS
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HINES, Neal , PYLKA, Kevin
(1) Barr Engineering, nhines@barr.com (2) PolyMet.
PolyMet Mining and Barr Engineering assessed methylmercury
(MeHg) and sulfate in the Embarrass River watershed to address
concerns regarding the potential for elevated discharge of MeHg
from wetlands and rivers during and after rainfall events. This
study included 5 stream sites in addition to Wynne and Sabin Lakes.
Findings of this study were: 1) for stream sites with elevated sulfate,
MeHg and the fraction of the mercury present as MeHg (“percent
that is MeHg”) were not elevated compared to background sites,
2) for the lakes, MeHg concentration did not show a significant
trend with depth and, overall, the lakes were net sinks for MeHg
(not producing MeHg on a net basis). In addition, from upstream
to downstream, MeHg declines both in concentration and in the
percent that is MeHg. Findings from this study are consistent with
a conceptual model in which MeHg production, presumably from
sulfate reducing bacteria, is not stimulated by excess sulfate in this
particular ecosystem.

MG7-P46

discharge. Compared to the other Bay regions San Pablo Bay was
generally much lower in MMHg. A third hot spot was found around
Point Isabel in the Central Bay, which was otherwise low in MMHg.
This general pattern suggest formation of and enhanced presence of
MMHg from historic mining activities, which still export elevated
levels of Hg to both ends of the Bay (Guadalupe and Sacramento
rivers). In place generated MMHg is subsequently diluted by
exchange with ocean water, leading to background levels of MHHg
near the Golden Gate Bridge area, which experiences the highest
flushing rates.
MMHg uptake into the DGTs was also compared to MMHg
concentration in small fish sampled through the Small Fish project.
On a large scale, the fish monitoring program revealed similar south
to north gradient with lowest Hg in fish levels found in San Pablo
Bay. This suggests that both monitoring tools identify the same
general trends of MMHg exposure. However, smaller scale, site-bysite comparisons provided only weak correlations between fish and
DGT data.

MG7-O11
MERCURY AND METHYLMERCURY TRENDS IN THE
WATER OF METAALICUS LAKE 658 DURING THREE
YEARS OF RECOVERY
1

DGT (DIFFUSIVE GRADIENT IN THINFILM) AS A TOOL
TO ASSESS SOURCES OF METHYLMERCURY IN SAN
FRANCISCO BAY
1
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(1) Trent University, hhintelmann@trentu.ca (2) San Francisco
Estuary Institute; (3) UC Davis.
The performance of new DGT sentinels was explored as a
monitoring tool to compare levels of methylmercury (MMHg)
in the San Francisco Bay area. Samples were collected at 44 sites
according to a semi-random protocol originally developed for the
Small Fish sampling project. Stations in the spatial survey were
sorted into i) open regions, ii) enclosed bays and wetlands, iii)
sites with historically elevated mercury or MMHg concentrations,
iv) sites with industrial influence, and v) locations downstream of
Waste Water Treatment Plants.
The DGT sentinels identified the open bay regions to be consistently
the least exposed to MMHg. In contrast, enclosed bays show greater
variability among sites. Stations with industrial influence were on
average much higher in MMHg compared to open sites. Legacy
sites, despite their large variation in MMHg were also significantly
elevated. The situation downstream of the Waste Water Treatment
Plants is inconclusive. When evaluating all data on the spatial scale,
the highest levels of MMHg were generally observed in the South
Bay, and the by far highest concentrations were measured in the
Alviso area. A clear gradient towards the central Bay follows. Also
the eastern area of the Northern Bay shows a few very high spots
of MMHg, potentially indicating influence of Sacramento River
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During the loading phase of the METAALICUS project, Lake 658
at the Experimental Lakes area received annual additions of isotope
enriched mercury, which approximately doubled the amount
of mercury loading to the lake surface. Loading ceased at the
conclusion of the 2007 field season, and since that time the project
team has been monitoring the recovery. This paper will describe
and discuss the processes controlling the response of the water
column to a reduced load, and the fate of the added spike. Labeled
mercury concentrations continuously declined in the lake water
with inorganic mercury dissipating the fastest. Within one year,
concentrations in surface water dropped to less than 0.1 ng/L (>95%
of the observed peak concentration) and after only another 12
months until it became undetectable. Initially, concentrations were
marginally higher at the bottom of the lake, presumably indicating
a sediment source. However, during a period in late Fall of 2009,
inorganic spike Hg became undetectable in the water column.
Methylmercury (MMHg) on the other hand continued to show its
characteristic annual variations, albeit at much lower concentrations
compared to those observed during the loading phase. Each year,
spike MMHg accumulated in bottom waters during late summer
until early fall and gets mixed into the entire water column after
fall turnover – a pattern also observed for ambient MMHg. The
total mass of spike MMHg in the entire water column declined
with each successive year. However, three years into the recovery
phase, the MMHg spike is still clearly visible in the water column
and contributing MMHg bioaccumulation in biota. This shows
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that although older inorganic Hg disappears relatively quickly
after cessation of the source, spike MMHg will have a longer effect
on the study lake. This observation probably has implications for
the recovery times of other lakes should widespread emissions be
enacted.

RG1-O3
A NOVEL TECHNIQUE FOR SPECIES-SPECIFIC HG
ISOTOPE RATIO MEASUREMENTS USING HG-THIOUREA
COMPLEX ION CHROMATOGRAPHY
1

1

HINTELMANN, Holger , DZURKO, Mark
(1) Trent University, hhintelmann@trentu.ca

Measurements of the natural fractionation of mercury (Hg)
isotopes are a powerful tool to directly identify biogeochemical
processes controlling the fate of mercury in the environment. Most
investigations utilizing these measurements for Hg specifically
measure the isotope ratios of total mercury, limiting its effectiveness
for studies where Hg species are of importance. In this study, we
evaluate and demonstrate the effectiveness of a novel technique that
can be utilized for species-specific Hg isotope ratio measurements,
lending itself to applications involving bioaccumulation and trophic
transfer.
The reported technique permits the separation of monomethyl
+
+
Hg (CH3Hg ) and mercuric Hg (Hg2 ) from various common
environmental matrices, such as water and biota, on the basis of
the difference in charge of their respective thiourea (S=C(NH2)20)
complexes. A cartridge containing thiol-functionalized silica
2+
+
resin traps Hg and CH3Hg from prepared sample solutions
without retaining interfering sample matrix components and is
capable of eluting the Hg species without the need for any further
+
chromatographic separation. CH3Hg is oxidized with H2O2 and UV
photolysis prior to an on-line Hg reduction technique using alkaline
stannous chloride as the reductant, yielding accurate and precise
Hg isotope ratio measurements by Cold Vapour - Multi-Collector
Inductively Coupled Plasma - Mass Spectrometry (CV-MC-ICP/
MS).
The results from this study may show that Hg isotope ratios could be
used as a tracer technique to provide important information into the
sources, and biogeochemical cycling of natural and anthropogenic
Hg.

TG7-O5
MECHANISMS OF THE REDUCTION OF DIVALENT
MERCURY
1
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HO, Anthony , CARPI, Anthony
(1) John Jay College, anthony.h718@gmail.com
While much progress has been made in understanding the factors
that affect the reduction and emission of mercury from soil,
significant gaps still exist in our understanding of the mechanisms,
and thus kinetics, of this process. In an effort to better understand
these mechanisms, we examined the emission of mercury under
light and dark and varying temperatures, from sand surfaces doped
0
with pure HgO, HgCl2, HgS and Hg as well as from undoped
natural soils. Samples were monitored using a Tekran Automated
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Dual Sampling (TADS) system, and a Teflon dynamic flux chamber
with a 1.6 chamber volume turnover rate. Surface temperature was
controlled and monitored between sampling periods to ensure
0
0
samples remained at 25 C and 45 C throughout the seven day
sampling period. Full spectrum radiation caused flux spikes in
both sand and soil samples. Each salt species exhibited unique
behavior when subjected to light and temperature. Emissions from
salt species in the dark were independent of temperature, whereas
a significant effect on emissions from HgCl2 samples between
different temperatures was found in the light. Thus, it appears that
a minimum activation energy is required for the reduction and
2
emission of mercury from HgCl containing samples. Emissions
of mercury from HgO-spiked samples appear independent of
temperature in both dark and light.
Comparison of Hg emissions from samples doped with elemental
mercury to those containing mercury salts suggests that reduction is
the rate limiting step in the soil flux process. Proposed mechanisms
+2
of the reduction of Hg have previously involved a third-party
electron donor. We found evidence for the reduction and emission
of mercury from HgCl2 and HgO spiked samples in the absence
of a third-party electron donor. Molecular energetics modeling of
HgCl2shows that the molecule enters a transition state in which
the simultaneous release of both chloride ligands is possible at
energies that can be delivered by incident radiation. This is typical
of charge transfer absorption processes, and evidence exists that
HgCl2 undergoes reduction through this pathway. HgO does not
appear to undergo reduction via the same process. In addition to
further elucidating the mechanisms of the soil-mercury reduction
and emission process, these results may provide a mechanism for
characterizing different mercury salts in soil.

MG7-P31
TOTAL MERCURY CONCENTRATIONS IN PRAIRIE
WETLAND SEDIMENTS
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HOGGARTH, Cameron G J , HALL, Britt D.
(1) University of Regina, hoggartc@uregina.ca

In aquatic ecosystems the majority of MeHg is likely produced
through methylation of Hg(II) by sulfate-reducing and iron
reducing bacteria. Wetland sediments may be significant sites of
MeHg production due to the combination of anoxic conditions and
the availability of organic matter for microbial activity. Sediment
total mercury (THg) concentrations may provide an indication of
the amount of mercury available for methylation, which provides
the base of the aquatic food chain with neurotoxic MeHg. In 2008
and 2010, sediment cores were collected from prairie wetlands
located in the St. Denis National Wildlife Area (SDNWA), ~40 km
east of Saskatoon in central Saskatchewan. The SDNWA contains
more than 200 wetlands and has been a site of prairie wetland
research, including waterfowl and hydrological research, since
1968. Prairie Pothole Region wetlands are valuable for groundwater
recharge and support 50-80% of North American waterfowl.
However, little information is available on THg concentrations in
prairie wetland sediments. The top two centimetres of 22 sediment
cores collected in fall 2010 from 12 wetlands in the SDNWA were
analyzed for THg concentrations and organic content. Preliminary
sediment THg concentrations (2010 only) ranged between 15.94
and 88.07 ng/g, with a mean of 50.40±17.30ng/g. Wetland sediment
organic carbon content as measured by loss on ignition, ranged
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between 3.51 and 21.85%, with a mean of 7.87±3.74%. Sediment
methylmercury analysis and THg analysis of 2008 sediments are in
progress.
Sediment organic matter may influence the amount of THg available
for methylation, and potentially the amount of MeHg in aquatic
organisms. However, no significant relationship between sediment
organic content and THg concentration was observed (R2 = 0.12,
df = 21, p = 0.113). Water content and THg concentrations had a
2
significant linear relationship R = 0.51, df = 21, p < 0.001), which
may be a result of high THg concentrations in sediment pore waters
relative to dry sediments. Future research will include measurement
of wetland sediment methylation rates through the injection of
an inorganic mercury stable isotope into wetland sediment cores,
followed by incubation of the sediment cores and measurement
of sediment MeHg stable isotopes in the incubated cores.
Determining which factors influence THg concentrations in prairie
wetland sediments may assist in identifying factors contributing
to the availability of THg for biotic methylation of THg into the
bioaccumulating neurotoxin, MeHg.

RS1-P16
FAST MATRIX CALCULATIONS OF ATMOSPHERIC
MERCURY FATE AND TRANSPORT
1

HOLMES, Christopher
(1) University of California, Irvine, cdholmes@uci.edu
Atmospheric processes controlling the fate of mercury--including
transport, chemistry, scavenging, and deposition--are thought to
depend linearly on mercury emissions and atmospheric abundance.
For steady-state conditions, the rate coefficients for these processes
are constants. The fluxes between mercury reservoirs and oxidation
states can therefore be written as a single matrix equation with
constant coefficients and solved with linear algebraic methods.
This analytic approach has been previously used to estimate
hemispheric gradients and mercury isotope fractionation in simple
models with 10 or fewer reservoirs representing the global mercury
cycle (Lamborg et al., Geochim et Cosmochim Acta 2002; Sonke,
Geochim et Cosmochim Acta 2010).
Here I derive the steady-state transport, chemistry and deposition
fluxes of mercury using the same approach, but with 4˚x5˚ spatial
resolution globally. The model thus calculates the full 3-D steady
state distribution and fluxes of mercury in the atmosphere. Transfer
coefficients are derived from the GEOS-Chem global 3-D chemistry
and transport model (Holmes et al., Atmos Chem Phys 2010). The
matrix version solves the steady-state problem much faster than
temporal integration of the 3-D model code. I compare transport
and deposition estimates from the matrix model against the timeintegrated model and discuss some applications.
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TG4B-P2
MERCURY (HG) DRY DEPOSITION MEASUREMENTS IN
CLEVELAND, OHIO AND ROCHESTER AND HUNTINGTON
FOREST, NEW YORK, USING SURROGATE SURFACES
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HOLSEN, Thomas , CHOI, Hyun-Deok , LANDIS, Matthew ,
1
HUANG, Jiaoyan
(1) Clarkson University, holsen@clarkson.edu (2) US EPA.
Knife-edge surrogate surfaces containing various mercury collection
media were used in Cleveland (CLE), Rochester (ROC), and
Huntington Forest (HF) to directly measure Hg dry deposition.
Quartz fiber filters (QFF) and ion-exchange membranes (IEM)
were used to capture particle-bound mercury (PBM) and gaseous
oxidized mercury (GOM) dry deposition, respectively. Hg dry
deposition to aqueous systems was also investigated using deionized
water (DI) and acidified bromine chloride (BrCl). Gold-coated
QFFs were treated as a perfect sink of GEM due to the fast and
stable amalgamation reaction between GEM and Hg. The Hg
mass deposited to the QFF was not significantly different from its
blank value indicating QFF is not a suitable media for PBM dry
deposition measurements under the conditions tested. In CLE, Hg
dry deposition fluxes were measured at various intervals (from 8
hours to 10 days). Hg fluxes to up and downward facing gold-coated
QFFs were not statistically different (deposition velocity (Vd) of 1.5
-1
± 1.0 cm s ). The GOM and fine PBM flux to downward facing IEM
-2 -1
filters was 1.7 ± 0.6 ng m h , and to upward facing IEM was 2.0 ±
-2 -1
0.5 ng m h . This difference may have been due to large particle
deposition to the upward facing filter. The results suggest that
GEM controls the deposition to the gold-coated QFFs, and GOM
and PBM may be equally important for deposition to the IEMs.
-1
The GEM Vd to BrCl was 0.06 ± 0.04 cm s . The relative percent
difference (RPD) between measured and modeled (using multipleresistance model) Hg dry deposition fluxes range from 9 to 45 %.

TG4B-O5
ATMOSPHERIC MERCURY CONCENTRATIONS,
SOURCES, AND CHEMICAL/PHYSICAL VARIATIONS IN
CONCENTRATIONS OF THREE MERCURY SPECIES AT AT
A RURAL AND URBAN SITE IN NEW YORK STATE
1

1

HOLSEN, Thomas , HUANG, Jiaoyan , CHOI, Hyun-Deok
(1) Clarkson University, holsen@clarkson.edu

1

Tekran Hg speciation systems were used at a rural site (Huntington
Forest, NY) and an urban site (Rochester, NY) to measure gaseous
elemental mercury (GEM), gaseous oxidized mercury (GOM), and
fine particle-bound mercury (PBM2.5) for a year. Averaged PBM2.5,
GOM, and GEM were 198, 395, and 16% higher at the urban site
than at the rural site. PBM2.5 concentrations were higher in winter
at both sites, which was indicative of bio-fuel combustion for space
heating in winter. During the warmer seasons, GOM concentrations
and O3 were positively correlated suggesting atmospheric oxidant
reactions were occurring. The observed GOM reaction time (time
from the lowest to the highest GOM concentration) in Rochester
was approximately 6.0 h while the theoretical time (calculated from
chemical reaction time among GEM, GOM, and O3) was from
5.5 to 11.8 h. In winter, GEM concentrations increased when the
temperature rose above freezing suggesting GEM was released from
melting snow at both sites. A GEM diurnal pattern was occasionally
seen during warmer seasons however different patterns were seen
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at different sites. At the urban site, there were 12 events selected
with enhanced GEM/CO ratios to identify Hg sources. Two of them
did not have enhanced GOM/SO2 ratios or precipitation during
transport or at the site and these two events were considered as
Hg transport from regional sources. The others were associated
with local Hg emissions. Hg concentrations at the rural site were
also impacted by Hg emissions near the urban site. In cases where
transport from Rochester to Huntington was seen about 80% of the
GOM was removed by deposition, reactions, and dispersion during
transport.

FS3-O2
ATMOSPHERIC MERCURY CONCENTRATIONS,
SOURCES, AND CHEMICAL/PHYSICAL PROCESSES IN
NORTHERN NEW YORK STATE: RESULTS OF LONG-TERM
MONITORING
1

1

1

HOLSEN, Thomas , HUANG, Jiaoyan , CHOI, Hyun-Deok ,
1
1
WANG, Yungang , HOPKE, Philip
(1) Clarkson University, holsen@clarkson.edu
Three atmospheric mercury (Hg) concentrations have been
measured since 2006 in northern New York State using a Tekran
speciation system. At the rural site the concentrations of the
-3
three species were relatively stable (GEM: ~1.4 ng m , GOM and
-3
PBM2.5: ~1.3 and 4.0 ng m ) and somewhat lower than in an urban
-3
-3
area (GEM: ~1.6 ng m , GOM and PBM2.5: ~6.0 and 9.0 ng m ).
Dissimilar GEM diurnal patterns were recorded at the sites in the
warmer seasons. GEM concentrations were driven mostly by mixed
layer heights at the urban site. However, at the rural site it was
correlated with O3 concentrations. Diurnal GOM concentration
variations were observed at both sites in the warmer seasons, when
atmospheric chemistry was significant. The observed GOM reaction
times (time from the lowest to the highest GOM concentration)
were 20 to 100% of the theoretical reaction time. An elevated PBM2.5
concentration was seen in winter at both sites and was probably
related to biomass combustion for space heating. PBM2.5 was also
seen to simultaneously peak with carbonacous particles during a
short period in summer 2010 when the site was impacted by forest
fires in Quebec. Potential source contribution function (PSCF) was
used with rural Hg concentrations to locate Hg sources. The most
important sources were coal/oil-fired power plants, oil refineries,
steel smelters, and landfills in the Midwestern US although sources
as far away as Louisiana were seen. Principle component analysis
was used to classified atmospheric Hg sources and chemical/physical
processes using the urban site data. There were five important
Hg related components extracted, including GEM released from
melting snow, gas-phase oxidation, coal combustion, mobile
sources, and non-coal combustion. The local coal-fired power plant
significantly impacted Hg concentrations in the downwind area.
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RS1-P15
MODELED AND OBSERVED ATMOSPHERE-TERRESTRIAL
EXCHANGE OF HG(0) IN A TEMPERATE HARDWOOD
FOREST
1

2

HOROWITZ, Hannah M. , CORBITT, Elizabeth S. , TALBOT,
3
4
2
2
Robert W. , MAO, Huiting , JACOB, Daniel J. , AMOS, Helen M. ,
2
SUNDERLAND, Elsie M.
(1) Harvard College, hmhorow@fas.harvard.edu (2) Harvard
University; (3) University of Houston; (4) SUNY-ESF.
We use a global 3-D chemical transport model (GEOS-Chem CTM)
to interpret long-term observations of Hg(0), RGM, and particulate
Hg at a mixed forest site in New Hampshire (Thompson Farm). The
observations show large diurnal variations for Hg(0), particularly
during the growing season, with midday maxima and nighttime
minima (Mao et al., 2008). We use these observational constraints
to improve the GEOS-Chem representation of mercury uptake
by vegetation, including the roles of leaf cuticles, dew formation,
and in-leaf Hg(0) compensation points. We compare the diurnal
variations of mercury species at Thompson Farm to those observed
and simulated at other North American sites and relate differences
to the underlying vegetation types. We also analyze other features of
the observations of mercury species at Thompson Farm, including
seasonal and synoptic variations, and show that these provide
important constraints for mercury chemistry and sources in GEOSChem. Sensitivity analyses on model processes are conducted and
implications for the atmospheric simulation of mercury in GEOSChem will be discussed.

WS14-O6
MERCURY IN THE MEDITERRANEAN: STATUS, IMPACTS
AND POLICY IMPLICATIONS
1

2

3

HORVAT, Milena , PIRRONE, Nicola , COSSA, Daniel ,
2
2
SPROVIERI, Francesca , HEDGECOCK, Ian , CINNIRELLA,
2
4
1
5
Sergio , KOTNIK, Jože , OGRINC, Nives , RAJAR, Rudi ,
6
3
BARBONE, Fabio , HEIMBURGER, Lars Eric
(1) Jožef Stefan Institute, milena.horvat@ijs.si (2) Institute of
Atmospheric Pollution Research, Italy; (3) French Reserch Institute for
Exploration of the Sea, France; (4) Jožef stefan Institute, Slovenia; (5)
University of Ljubljana, Slovenia; (6) University of Udine, Italy.
An interesting feature of mercury biogeochemistry in the
Mediterranean is that several fish species from the Mediterranean
show higher concentrations of Hg than same fish species in the
Atlantic ocean, although the concentrations of total-Hg in the
open waters of both oceans are similar. Elevated Hg levels have
been noted in environmental matrices from the Mediterranean
regions adjacent to known mercury anomalies, yet, the data do
not clearly indicate that these contaminated sites have contributed
to open waters or to lower trophic level species. Recent studies
indicated that the main source of MeHg in organisms in the
coastal areas is related to methylation in sediments, while net
mercury methylation in the open ocean occurs in the water
column and is linked to organic matter regeneration promoted
by the presence of small-sized nano- and picophytoplankton, that
dominate under oligotrophic conditions. Relatively large portion of
mercury in waters is present as dissolved gaseous Hg, originating
from photochemical, biologically mediated mechanisms and/
or diffusion from deeper layer either due to biological and/or to
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tectonic activity which is typical of the Mediterranean region.
Recent studies on distribution and cycling of Hg and a mass balance
were implemented. It was shown that the total-Hg exchanges at
the straits are not unbalanced, while mercury entering the western
Mediterranean is mainly in inorganic Hg forms and is exported to
the Atlantic partially as methylated species. It has been shown that
exchange with the atmosphere is the most important source/sink of
Hg for the water compartment. Measurements have shown that the
evasion of Hg varied between the different seasons with the highest
evasion during the autumn and an estimate of yearly evasion from
the Mediterranean Sea surface was 77 tons. Based on policy target
scenarios and integrated models developed, it is expected that Hg
concentration in the Mediterranean will decrease by 2020 for about
3 to 12% as compared to 2005. Based on mercury measured in sea
food, it was indicated that a consumption of certain fish species
may pose a health risk. A review of health related studies in the
Mediterranean, particularly the effects of prenatal Hg exposure
through fish consumption on neurodevelopment, will be presented
and discussed in the light of inconsistencies found in similar studies
around the world. Any fish advisories should carefully be balanced
against the benefit of the fish consumption in the region.

RS9-O4

1

1

HSU-KIM, Helen , DEONARINE, Amrika , GONDIKAS, Andreas ,
1
2
ZHANG, Tong , LAU, Boris
(1) Duke University, hsukim@duke.edu (2) Baylor University.
Natural organic matter (NOM) plays a critical role for complexation
of dissolved Hg, precipitation and dissolution of Hg-bearing
minerals, aggregation and deposition of particles, photochemical
reactions, and bioavailability to bacteria. The identity and reactivity
of geochemical species containing Hg, organic matter, and sulfide
are of particular interest. These compounds are the most relevant
forms of mercury in anaerobic environments where uptake to
bacteria is a moderator of methylmercury production. Here, we
present our research investigating the mechanisms of metal sulfide
(HgS and ZnS) nanoparticle formation during heterogeneous
precipitation with dissolved NOM. We utilized dynamic light
scattering to monitor relative growth rates of HgS and ZnS
nanoparticle as they precipitate in the presence of NOM. We tested
nine different NOM isolates that were derived from several different
surface waters and represented a wide range of NOM composition.
Our results indicated that stabilization of nanoparticles occurred
mainly with NOM fractions of the greatest molecular weight
and aromatic carbon content. The early stages of metal-sulfide
polymerization were further investigated by studying how cysteine,
a low molecular weight analogue for thiol ligands in NOM,
influenced the size and surface properties of ZnS clusters formed
during the first few hours of precipitation reactions. We utilized a
combination of methodologies (photon scattering, X-ray absorption,
X-ray diffraction) to demonstrate that cysteine altered both the
growth and aggregation rates of ZnS clusters. Cysteine coordinated
to the surface of clusters, resulting in slower aggregation rates.
Furthermore, in solutions with molar ratios of 2:1 cysteine:ZnS,
we observed larger cluster subunits compared to solutions with 1:1
cysteine:ZnS. These observations indicated that in the presence
of excess cysteine, sorption of this amino acid on ZnS clusters
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RS13-O1
INTRODUCTION AND OVERVIEW OF GESAMP
ACTIVITIES WITH REFERENCE TO POLLUTANT
INDICATORS FOR THE TRANSBOUNDARY WATER
ASSESSMENT PROGRAMME (TWAP)
1

1

1

HUBER, Michael.E , KERSHAW, Peter , KEENAN, Helen.E ,
1
BOWMER, Tim
(1) GESAMP, mhuber@bigpond.net.au
The Joint Group of Experts on the Scientific Aspects of Marine
Environmental Protection (GESAMP) is an advisory body,
established in 1969, that advises the United Nations (UN) system on
the scientific aspects of marine environmental protection.

NANOSCALE METAL SULFIDE-ORGANIC MATTER
INTERACTIONS: IMPLICATIONS FOR MERCURY
SPECIATION AND METHYLATION POTENTIAL
1

prevented aggregation of the clusters, but did block growth sites on
the surface of monomer subunits. The mechanisms of ZnS-cysteine
polymerization are analogous to precipitation processing involving
nanoparticulate mercuric sulfides and mercury associated with
other metal sulfides (e.g. ZnS, FeS). Nanoscale particles and clusters
of HgS are expected to play key roles in the mobilization of mercury
in aquatic environments and bioavailability to microorganisms.
Overall, our results highlight that nanoscale products are formed
from reactions between Hg, sulfide and NOM and that these entities
would not be predicted by conventional chemical equilibrium
models.

At present GESAMP is jointly sponsored by nine UN organizations
with responsibilities relating to the marine environment, and
they utilize GESAMP as a mechanism for coordination and
collaboration among them. GESAMP functions are to conduct
and support marine environmental assessments, to undertake
in-depth studies, analyses, and reviews of specific topics, and
to identify emerging issues regarding the state of the marine
environment. Studies and assessments are usually carried out by
dedicated working groups, most of whose members are not sitting
members of GESAMP but part of the broader GESAMP network.
This presentation will describe and review the current role of
GESAMP with particular reference to the UNEP/GEF TWAP
(Trans boundary Waters Assessment Programme) Among the
constraints to effective management of transboundary waters is
the lack of a systematic and scientifically-robust methodology for
assessing the changing conditions of the five different types of trans
boundary water systems resulting from human and natural causes,
which would allow the policy makers, Global Environment Facility
and international organisations to set science-based priorities
for financial resource allocation. Such a methodology also would
facilitate identification and assessment of positive changes in the
environmental and resources situations in the trans boundary water
systems resulting from interventions by national authorities and
international/regional communities. Such a global, comprehensive
assessment has not yet been undertaken. However GESAMP is
actively involved in the development of an improved, ecosystembased methodology in Large Marine Ecosystems (LMEs) through
pollutant indicators such as mercury and its compounds, POPs and
other pollutants that cross trans boundary water systems. The efforts
of the GESAMP initiative to this programme will be fully discussed.
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TG7-P2
MERCURY EMISSIONS FROM SOIL IN RESPONSE TO
SIMULATED PRECIPITATION IN BOTH LIGHT AND DARK
1

1

HUI, Christina , CARPI, Anthony
(1) John Jay College, The City University of New York, christina.hui@
jjay.cuny.edu
Mercury emissions from soil have been shown to increase as a result
of both artificial irrigation and natural precipitation. Mechanisms
proposed in the past to explain the phenomenon have included soil
gas displacement, the addition of mercury through precipitation,
2+
the desorption of soil-bound Hg due to infiltrating water, and
2+
enhanced redox reactions of Hg in the aqueous phase (Lindberg
et al., 1999; Song & Heyst, 2005; Dustin & Stamenkovic, 2005; Gillis
& Miller, 2000). The various proposed mechanisms demonstrate
uncertainty in the actual mechanism(s) contributing to the observed
phenomenon. To investigate the emission of mercury following soil
irrigation, various volumes of water were applied to soil samples
under both light and dark conditions. Mercury emissions were
monitored using Teflon dynamic flux chambers connected to a
Tekran Mercury Vapor Analyzer 2537A. Mercury emissions from
irrigated soil were greater in light than in the dark, and the increase
in emissions from irrigated soil in light was greater than the additive
effect of either variable independently. The synergistic effect of
light and water suggests at least some contribution from a chemical
mechanism as opposed to a strictly physical one.

RS9-O9
CYCLING OF TOTAL AND METHYL HG IN THE
HYPOLIMNION OF A LAKE AMENDED WITH STABLE
ISOTOPES: IMPORTANCE OF ORGANIC PARTITIONING IN
SOLID AND AQUEOUS PHASES
1

2

HURLEY, James P. , CHADWICK, Shawn P. , BABIARZ,
2
2
Christopher L. , ARMSTRONG, David E.
(1) Wisconsin State Laboratory of Hygiene, james.hurley@slh.wisc.edu
(2) University of Wisconsin-Madison, Environmental Chemistry and
Technology Program.
Hypolimnetic cycling of ambient Hg (HgAmb) and amended isotopic
202
202
Hg ( Hg, purity 90.8%; HgLake) in Lake 658 in the Experimental
Lakes Area of northwest Ontario was investigated through detailed
water column aqueous and solid phase sampling and phase
partitioning studies. Sedimenting organic matter was collected by
traps situated both below the thermocline and directly above the
sediment-water interface. Detailed aqueous Hg profiles in the region
directly above the sediment-water interface were obtained using an
in-situ close-interval sampler.
Settling plankton was an important vector for the transport of HgAmb
202
202
and HgTLake and MeHgLake to the sediment-water interface.
Significant concentrations of isotopic HgT, and to a lesser extent
MeHg, were found in sediment trap particles 6 days after addition
of the first spike, indicating rapid particulate organic matter
partitioning and transport of both forms to the sediment-water
interface. Isotopic HgT and MeHg were present in the filtered
phase near the sediment-water interface in the hypolimnion two
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weeks after the first spike, indicating diagenesis of recently-fallen
organic particles. Use of Diethylaminoethyl (DEAE) anionic resin
revealed that water column Hg and MeHg were dominated by DOM
complexation even in the presence of sulfide. Spectrophotometric
DOM characterization indicated an increase in aromaticity and
molecular weight with depth in the water column, suggesting
increased allochthonous carbon near the sediment-water interface.
Solid-phase speciation revealed the role of active iron transport as
a delivery mechanism of HgT and MeHg and the importance of
iron oxidation and dissolved organic matter occlusion in forming
aggregates that remove Hg and MeHg from solution, providing a
mechanism for the redelivery of Hg and MeHg to the sedimentwater interface in the hypolimnion. Suspended particulate
matter isolated from the oxic epilimnion (zone of active primary
production), the oxic hypolimnion (zone of active Fe oxidation),
and the anoxic hypolimnion (zone of active FeS formation) was
sequentially extracted (1M KOH, 6M HCl, 12M HNO3) to better
understand the association of Hg and MeHg to solid organic and
inorganic phases across these geochemical gradients. Solid-phase
speciation of Hg was dominated by base-extractable (organic)
phases; however, acid-extractable (inorganic) phases exhibited
enhanced importance in the anoxic hypolimnion. Recalcitrant
strong acid-extractable phases predominated in the zone of active
sulfide production.

RS1-O5
MEASUREMENTS OF GASEOUS ELEMENTAL AND
REACTIVE GASEOUS MERCURY USING LASER–BASED
SPECTROSCOPIC TECHNIQUES.
1

1

1

HYNES, Anthony , BAUER, Dieter , SWARTZENDRUBER, Philip ,
1
1
EVERHART, Stephanie , TATUM-ERNEST, Cheryl , TER SCHURE,
2
Arnout
(1) University of Miami, ahynes@rsmas.miami.edu (2) EPRI.
The development of techniques for measurement of both gaseous
0
2+
elemental (GEM; Hg ) and reactive gaseous mercury (RGM; HG )
remains a significant analytical challenge. For RGM, KCl-coated
annular denuder sampling provides limited temporal resolution,
no information on speciation and may be subject to interferences.
Although the CVAFS approach is well established for measurement
0
of Hg , no measurement technique has shown the combination of
sensitivity, temporal resolution and precision necessary for direct
0
measurement of Hg fluxes. In this work we describe experimental
approaches using laser induced fluorescence (LIF) that are designed
to address some of these issues. We have been investigating the use
of denuder sampling coupled with analysis using programmable
thermal dissociation (PTD) as route to obtaining information on
the chemical speciation of RGM. The technique was tested at a coal
fired power plant sampling from stack exhaust gases and from the
stack plume, downwind of the stack using an airship. Profiles were
consistent with HgCl2 being the dominant component of the stack
gas RGM. Plume sampling suggests that RGM is quantitatively
released from the stack and that any reduction of RGM back to
0
Hg occurs in-plume. Sampling under more controlled conditions
at the same plant examined the effects of addition of bromine
and ammonia on the PTD profiles of stack RGM. The addition
of Br and ammonia appear to result in higher decomposition
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temperatures in the PTD profiles. We are attempting to reproduce
these results under controlled laboratory conditions by doping
hydrocarbon flames with mercury and mercury / halogen mixtures
0
2+
and performing in-situ monitoring of Hg and Hg radicals in
the flame using LIF. We are also performing denuder sampling
from the post flame gases. We are using the thermal dissociation
technique to monitor RGM in the unpolluted atmosphere. Both KCl
coated annular denuders and uncoated etched tubular denuders
were deployed on a Piper Navajo aircraft together with a Tekran
2537B mercury analyzer in flights over the S.E. United States. We
0
will present altitude profiles of Hg , RGM and thermal dissociation
profiles of RGM. We see very distinct differences in the thermal
dissociation profiles of RGM collected in the marine boundary
layer and aloft. We have reported laboratory studies that suggest
0
that sequential two photon LIF has the sensitivity to monitor Hg at
background levels in air. We have now deployed the instrument in a
mobile laboratory and we will report the first in-situ measurements
0
of Hg in ambient air using sequential two photon LIF together with
our progress towards high frequency flux measurements using the
eddy correlation technique. This work is supported by EPRI, NOAA
and NSF.

TG5-P5
ENHANCING THE ADSORPTION OF MERCURY CHLORIDE
BY AN INNOVATIVE COMPOSITE SULFURIZED
ACTIVATED CARBON
1
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IE, Iau-Ren , CHEN, Wei-Chin , YUAN, Chung-Shin , HUNG,
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Chung-Hsuang , LIN, Yuan-Chung
(1) Institute of Environmental Engineering, National Sun Yat-Sen
University, peter-34@yahoo.com.tw (2) Department of Safety,
Health and Environmental Engineering, National Kaohsiung First
University of Science and Technology; (3) Institute of Environmental
Engineering, National Sun Yat-Sen University.
This study investigated the adsorption of vapor-phase mercury
chloride (HgCl2) by a composite sulfurized activated carbon (AC)
impregnated by vapor-phase elemental sulfur (S0) and aqueousphase sodium sulfide (Na2S). The composite sulfurized AC was
prepared to enhance its adsorptive capacity of HgCl2. Experiments
on the adsorptive capacity of vapor-phase HgCl2 onto the composite
sulfurized AC were conducted with a thermogravimetric analyzer
(TGA). The operating parameters investigated in this study included
the types of sulfurized AC, the adsorption temperature, and the
influent HgCl2 concentration. Moreover, the surface characteristics
and chemical properties of AC before and after impregnation were
also compared. Experimental results indicated that the innovative
composite sulfurized AC impregnation process could greatly
increase the sulfur content of AC, which is nearly the summation
of the sulfur content of AC obtained from the impregnation of both
0
vapor-phase S and aqueous-phase Na2S. Further investigation on
the sequence of sulfur-impregnation processes showed that AC
0
impregnated by aqueous-phase Na2S and followed by vapor-phase S
had much higher HgCl2 adsorptive capacity than that impregnated
in the reverse sequence. Comparing the HgCl2 absorptive capacity of
various sulfurized AC showed that the composite sulfurized AC had
higher HgCl2 adsorptive capability, and its HgCl2 adsorptive capacity
(6,720 μg-HgCl2/g-C) was higher than the summation of the
adsorptive capacity of AC impregnated with aqueous-phase Na2S
0
(3,223 μg-HgCl2/g-C) and vapor-phase S (1,781 μg-HgCl2/g-C). The
HgCl2 adsorptive capacity of the innovative composite sulfurized AC
was approximately four times higher than previous sulfurized AC.
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RG9-P6
MERCURY CONTENTS IN NAIL AND DERMAL PLATES
IN CAIMANS (CAIMAN YACARE) FROM THE PANTANAL
AREA, BRAZIL
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Manoel , DÍEZ, Sergi , MALM, Olaf , KEHRIG, Helena Amaral
(1) UNEMAT, aurea@unemat.br (2) CSIC; (3) UFRJ.
Most mercury found in the environment comes from human
activity, mainly gold mining, where mercury is used to form
gold-mercury amalgam. Mercury is a toxic metal the causes
various harms to human health due to the concentration and
bioaccumulation of this metal in the organism. Pantantal’s caiman
(Caiman yacare) is a carnivore at the top of the food chain in
aquatic environments, and, for this reason, it has a high potential
of mercury bioaccumulation when exposed to this contaminant.
In this study, we assessed mercury concentration in the scales of
caimans’ tails and nails in Paraguay River, Cáceres, MT (area 1), and
Bento Gomes River, Poconé, MT (area 2). Animals were trapped
using a torch and Lutz’ lasso at night, when they were immobilised
for sample collection. Samples were separately conditioned and
processed to assess THg concentrations. After weighing - 0.5g wet
weight for tail scales, and 0.05g dry weight for nails – samples were
treated with acid digestion over night. THg concentrations were
assessed using atomic absorption spectrometry with Flow Injection
Mercury System (FIMS) and FIAS 400 (Perkin Elmer, USA), with
detection limit of 0.01 ppb. Assessments were done with duplicate
samples. THg average concentrations (μg/kg) found in animals of
Paraguay River during rainy season: in nails (average ± SD) was
1.153 ± 0.2853 μ/g (N=6) and in tail scales 0.03843 ± 0.01409 μ/g
(N=7). During the dry season: in nails was 0.6308 ± 0.1447 μ/g
(N=10) and 0.1367 ± 0.02482 μ/g (N=10) in tail scales. Animals
trapped in Bento Gomes River had average concentrations during
the rainy season of: 2.175 ± 0.7938 μ/g (N=9) in nails, and 0.3796
± 0.06486 μ/g (N=9) in tails scales; during the dry season: 1.579
± 0.6723 μ/g (N=13) in nails, and 0.1782 ± 0.02945 μ/g (N=13)
in tail scales. Thus, we showed that the highest concentrations of
THg were in the nails of trapped animals in Bento Gomes River,
followed by nails of trapped animals in Paraguay River. Tail scales
collected in Bento Gomes River also showed high concentrations of
THg compared to tails scales of animals trapped in Paraguay River.
These results indicated that nails are better bioindicators of mercury
contamination than tail scales, and animals from Bento Gomes
River have higher concentration of mercury compared to those from
Paraguay River.

TS16-P11
HAIR MERCURY LEVELS IN RIVERINE POPULATIONS OF
THE PANTANAL OF MATO GROSSO, BRAZIL
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2
2
3
KEHRIG, Helena do Amaral , MALM, Olaf , DÍEZ, Sergi , DA
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SILVA, Carolina Joana
(1) UNEMAT, aurea@unemat.br (2) UFRJ; (3) CSIC.
Pantanal is a lowland plateau periodically flooded during rainy
season, it has a rich biodiversity of fauna and flora, traditional
folklore and human activity, including gold mining. The history
of gold mining at Poconé in Mato Grosso State, starts back in the
last century, reaching its peak in the 80s. Human populations are
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exposed to the organic form of mercury, methylmercury, when
feeding on contaminated fish. Riverside people in Pantanal eat
fish as the main source of animal protein on a daily basis. Hair is
considered a bioindicator of mercury contamination, for when Hg is
deposited is not eliminated and effectively shows bioaccumulation.
This study quantifies THg levels on the hair of riverside people in
Pantanal at Mato Grosso State, Brazil. Study area includes Cuiabá
Mirim Traditional Community, Pantanal National Park and
municipality of Poconé, at the banks of Cuiabá River, Paraguay
River and Bento Gomes River, respectively. This study involved
160 people, 45 men, 34 women, 26 boys and 35 girls. Hair samples
(0.05g) were placed in paper bags, subsequently undergoing acid
digestion and THg concentrations were assessed using atomic
absorption spectrometry with Flow Injection Mercury System
(FIMS) and FIA 400 (Perkin Elmer, USA), with auto-sampler
AS90. International reference certification was done according
to the National Research Council-Canada (Dorm-3). Mercury
concentrations assessed in reference samples were between 95
and 98% of average certified values showing high precision in the
analyses. Coefficient of variation in duplicates was less than 10%.
The detection limit is 0.01 ppb. The highest concentrations of THg
were collected from individuals from Cuiabá Mirim (3.059 ± 1.913),
followed by individuals from Pantanal National Park (2.353 ± 1.536)
and Poconé (0.6168 ± 0.7168). At these communities, adults had
higher concentrations of mercury compared to children (P<0.05).
Similarly, men had higher concentrations of mercury (2.612 ±
2.237) compared to women (1.344 ± 1.353).

The TGM concentrations tended to be higher at some sites when
becoming downwind of emission sources, although the significant
influences of emission sources could not be generally recognized.
The contribution of trans-boundary transport from East Asia was
assessed by analyzing the monitoring data for “G” in relation to
Dust and Sand Storm (DSS) events. In 2002, 2006 and 2007, when
the number of TGM data measured at the same time as observation
of DSS at the neighboring sites was relatively large, the mean TGM
concentration for these data was higher than that for the other
data of “G”, suggesting trans-boundary transport of mercury from
East Asian continent. We will further simulate the transport and
behavior of atmospheric mercury in East Asia using atmospheric
chemical transport models.
References
1) Kida and Takahashi (2008), Global Environ., 13, 167-180 (in
Japanese); 2) Jaffe et al. (2005), Atmos. Environ., 39, 3029-3038;
3) National Institute for Environmental Studies, http://www-gis.
nies.go.jp/air/yuugaimonitoring/ (in Japanese); 4) Lin et al. (2010),
Atmos. Chem. Phys., 10, 1853-1864.

MG14-O15
THE USE OF ENRICHED STABLE ISOTOPES OF HG
FOR EXAMINING MATERNAL-FETAL TRANSFER OF
METHYLMERCURY IN A MOUSE MODEL: APPLICATION
OF A NEW GC-HIGH RESOLUTION MS METHOD
1

MG4A-O14
ANALYSIS OF ATMOSPHERIC MERCURY MONITORING
DATA IN JAPAN FROM 2001 TO 2008 – SPATIAL AND
TEMPORAL VARIATIONS AND EMISSION SOURCE
ATTRIBUTION –
1

1

IKEMOTO, Hisatoshi , TAKAHASHI, Katsuyuki , HASOME,
1
1
1
Hisashi , UEDA, Hiromasa , KIKUCHI, Tetsuro
(1)J apan Environmental Sanitation Center.
Waste incineration, cement production, and productions of nonferrous metals and steels are considered to be major anthropogenic
sources of atmospheric mercury in Japan, although its transboundary transport from East Asian continent cannot be also
1, 2
negligible ). To evaluate spatial and temporal variations and
contributions of emission sources for atmospheric mercury in Japan,
we analyzed the nationwide survey data on total gaseous mercury
(TGM) reported by Ministry of the Environment of Japan (referred
3
to as “Environmental GIS” )) from 2001 to 2008. The annual mean
TGM concentrations and their 98 percentile values were 2.1 ~ 2.3
-3
ng m-3 and 5.4 ~ 4.4 ng m , respectively, and were both almost
stable throughout the monitoring period. These values were higher
than those observed in some rural and remote sites in East Asia
-3
(1.5 ~ 1.6 ng ), suggesting enrichment by domestic and East Asian
4
emissions ). Higher TGM concentrations tended to be detected
in the monitoring stations located in large cities (Tokyo, Osaka
and Fukuoka). The monitoring data are categorized based on area
attributes: general environment (“G”), near emission sources (“E”)
and roadside (“R”) 3). The annual mean TGM concentrations for
“E” were generally higher than those for “G”, although the standard
deviations for “E” were also larger. The contribution of nearby
emission sources was evaluated by analyzing the monitoring data
of several stations categorized as “E” in relation to wind direction.
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1

INSKIP, Mike , SPARLING, Melissa
(1) Health Canada, mike_inskip@hotmail.com
The developing fetal brain is the most susceptible organ to
methylmercury (MeHg) toxicity and we wished to explore the
kinetics of maternal-fetal transfer (in the mouse) under steadystate and “bolus dose” intakes of MeHg by the dams. To do this we
dosed animals with MeHg chloride during pregnancy, either by
administering a constant dose throughout, or where this constant
dose was supplemented by ‘bolus’ doses on two occasions in
mid-to-late gestation. This bolus dose approach was an attempt
to represent (in this animal model) one example of a human
consumption pattern for fish, in pregancy, where the MeHg content
(or intake) was elevated. Analysis of MeHg was determined using a
new method (and compared to an ICPMS method) which involved
application of a head-space micro-extraction technique utilizing
isotopic dilution with GC/High resolution mass spectrometry, to
measure native and enriched isotopic (202Hg) methylmercury
in blood and brain tissues. Data are presented for maternal and
new-born blood and brain MeHg concentrations, including data
showing the proportion of the total MeHg originating from the
two administered bolus doses. The results confirm the previously
observed findings that newborn animals have approximately twice
the brain concentrations of MeHg compared to their mothers,
and also provide additional understanding on the kinetics of
methylmercury distribution following intake of bolus doses. The
implications of these findings for interpreting how different patterns
of consumption in human MeHg exposure affect tissue levels are
discussed, as are possible applications of this MeHg isotope tracer
method in future kinetic studies.

143

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada

FG10-O11
HYDROCHEMICAL AND ATMOCHEMICAL ZONES OF
MERCURY DISPERSION ABOVE HYDROTHERMAL VENTS
OF UNDERWATER PIJP VOLCANO (BERING SEA)
1

IVANOV, Maksim , ASTAKHOV, Anatoly
(1) POI FEBRAS, kirov-max@mail.ru

1

Signs of receipt and mercury dispersion in water column and
atmosphere over hydrothermal vents of the underwater Pijp Volcano
are revealed. It is established that mercury from hydrothermal
vents is taken out mainly as a part of bubbles of hydrothermal
gases, which penetrate through water column up to a sea surface.
Mercury dispersion zone in water column and enrichment of sea
waters is arose because of partial dissolution of gas bubbles. The
atmochemical zone of Hg dispersion is expressed as low amplitude
anomaly of mercury with two maxima is moved in a direction of
a wind to the northwest from northern and southern tops of the
volcano. The mercury consentration in bottom sediments near
underwater volcano consists 20-60 ppb. In air Hg consentration
is 1-2,2 ng/m3. In sea water Hg consentration is 1-5 nl/l. For
the mercury investigations we used a mercury Zeeman atomic
absorption spectrometer with high frequency modulation of light
polarization RA-915+ (manufactured by Lumex Ltd, Russia) for
direct on-line measurements of the mercury concentration in
air and samples of water and bottom sediments with additional
equipment.

MS11-O10
MODELING THE EFFECT OF MERCURY EXPOSURE
ON THE REPRODUCTIVE SUCCESS OF A FREE-LIVING
TERRESTRIAL SONGBIRD
1

nest success decreases as blood Hg level increases; females suffer
20% reduction in nest survival at blood levels equal to 1.3 ppm
(wet weight). This information is the first field-based study to link
individual songbird mercury levels to reproductive success and is a
critical step in determining the effects concentration gradient for Hg
in insectivorous, terrestrial songbirds.

RG1-P36
TRI-CELL DIRECT MERCURY ANALYSIS: SENSITIVE,
FAST, AND ENVIRONMENTALLY CLEAN TECHNIQUE FOR
DETERMINATION OF MERCURY WITH A WIDE RANGE OF
APPLICATIONS
1

LIGHTNER, Melissa
(1) Miletone Inc., m.lightner@milestonesci.com
Direct Mercury Analysis is a well-established technique for
determining mercury in a wide range of sample matrices.
Compared to more traditional techniques for mercury analysis (i.e.;
CVAA and ICP-MS), direct mercury analysis requires no sample
preparation, generates no sample waste, and has a short turnaround.
One challenge with direct mercury analysis was that samples with
very low mercury concentration were difficult to analyze without
first pre-concentrating the system by running several samples.
Recently, Milestone introduced Tri-Cell technology into their direct
mercury analyzer, the DMA-80. This technology allows samples
with low levels of mercury to be analyzed in a single run, opening
up the possibility to carry out previously unachievable applications
including low-level Hg work in naphtha, groundwater, and oil.
Tri-Cell technology further increases the analytical range to include
both high and ultra-trace mercury concentrations in the same
instrument. This presentation will discuss this new technology and
specifically present new applications.

1

JACKSON, Allyson K. , FOLSOM, Sarah B. , EVERS, David
1
2
2
C. , CONDON, Anne M. , SCHMERFELD, John , ETTERSON,
3
4
Matthew A. , CRISTOL, Daniel A.
(1) BioDiversity Research Institute, allyson.jackson@briloon.org (2)
U.S. Fish and Wildlife Service; (3) U.S. Environmental Protection
Agency; (4) College of William and Mary.

WS1-O1
NEW APPROACHES FOR UNDERSTANDING
ATMOSPHERIC HG
1

Although it was recently documented that terrestrial songbirds are
bioaccumulating mercury (Hg) in their blood and feathers at similar
rates to those feeding directly on the aquatic ecosystem, there is
little research about how this body burden of Hg could affect their
reproductive success. From 2007 – 2010, we monitored reproductive
success of Carolina wrens (Thryothorus ludovicianus) along two
Hg-contaminated rivers in Virginia, USA. Using an information
theoretic approach, we determined that Hg contamination explained
a large amount of variation in nest success (the probability of at least
one nestling surviving to fledge). Carolina wrens suffer a nearly
40% reduction in nest success on Hg-contaminated sites compared
to reference uncontaminated sites. Although this approach is
helpful in understanding how contamination affects the population,
ecotoxicologists are often interested in how individual birds are
affected by their particular Hg load. We, therefore, modeled nest
success based on attending female blood Hg level and found that
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JAFFE, Dan , GUSTIN, Mae
(1) University of Washington, djaffe@uw.edu (2) University of
Nevada-Reno.
The atmosphere is a significant pathway by which Hg is distributed
and introduced to terrestrial and aquatic ecosystems. Elemental Hg
is the dominant form in the atmosphere and exhibits bidirectional
exchange with surfaces. Gaseous oxidized mercury may be
emitted by point sources and is also thought to be produced in
the atmosphere by reaction of elemental mercury with oxidants.
The predominant mechanisms of formation and the chemistry of
gaseous oxidized mercury in the atmosphere are not known and
continue to be debated. Additionally, the gas-particulate partitioning
of Hg has had limited investigation, and the role of aerosols in the
fate and transport of atmospheric Hg is uncertain.
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In this session we will focus on new observational methods, use of
additional atmospheric chemistry and meteorological information,
and modeling that can improve our understanding atmospheric Hg
processing, distribution and fate. This includes discussion of:
1) Observations support an improved understanding of the
atmospheric oxidation mechanisms and/or the gas/particle
conversion processes;
2) Observations that support a better understanding of the
chemical forms of Hg(II) in the atmosphere;
3) Observations that support a better understanding of flux of Hg
between terrestrial and aquatic surfaces and the atmosphere;
4) Observations that improve our understanding of the
distribution of Hg species throughout the atmospheric column;
5) New instrumental methods, analyses of data collected in
conjunction with Hg, and modeling that support improved
understanding of atmospheric Hg.

MG14-O1

RG1-O5
GOLD NANOROD BASED MERCURY VVAPOR SENSING
1

measured at six sampling sites and one background site by a newly
issued method for sampling and analysis of GEM and Hgp in Taiwan
(NIEA A304.10C), mainly adopted from USEPA Method IO-5,
from June to November, 2010. Field measurement results showed
that the seasonal averaged concentrations of GEM and Hgp were
3
in the range of 2.41-9.00 and 0.01-0.59 ng/m , respectively. The
3
highest concentrations of GEM and Hgp were 9.87 and 0.69 ng/m ,
respectively. Moreover, the major partition of atmospheric mercury
was GEM, apportioned as 93.86-99.48% GEM and 0.52-6.14% Hgp.
As a whole, the concentrations of atmospheric mercury species
were generally higher in the drought season (September-November,
2010) than those in the raining season (June-August, 2010). The
hot spots of atmospheric mercury were allocated at two regions in
Kaohsiung City, including a steel industrial complex in the south
and a petrochemical industrial complex in the north.

2

JAMES, Jay , LUCAS, Donald , KOSHLAND, Catherine
(1) UC Berkeley, jayjames@berkeley.edu (2) LBNL.

1

Globalizing mercury regulation requires inexpensive, sensitive,
and portable mercury vapor sensing. A disperse monolayer of gold
nanorods (AuNR) has been shown to provide a measurable spectral
shift upon exposure to microgram-per-cubic-meter concentrations
of mercury vapor. This sensor convolves the collection efficiency of
gold with the refractive-index sensitivity of the AuNRs’ localized
surface plasmon resonance (LSPR). Saturation of the AuNRs
with Hg produces >10 nm shifts in LSPR for both disperse films
and single particles. Transmission electron microscopy with
energydispersive x-ray spectroscopy of the resulting amalgam
particles provides the relationship of LSPR shift to adsorbed mass
of Hg and allows characterization of shape and size changes upon
amalgamation.

MG4A-P17
SEASONAL VARIATION AND SPATIAL DISTRIBUTION OF
GASEOUS ELEMENTAL MERCURY AND PARTICULATE
MERCURY IN AN INDUSTRIAL CITY
1

1

1

JEN, Yi-Shiu , TSAI, Cheng-Mou , YUAN, Chung-Shin , LIN, Yuan1
2
Chung , LEE, Chang-Gai
(1) Institute of Environmental Engineering, National Sun Yet-sen
University, rock.jay@yahoo.com.tw (2) Department of Environmental
Resource Management, Taijen University.
This study investigated the seasonal variation and spatial
distribution of gaseous and particulate mercury in the atmosphere
of Kaohsiung City, the largest industrial city in Taiwan, located at
the coastal region of southern Taiwan. Gaseous elemental mercury
(GEM) and particulate mercury (Hgp) were simultaneously
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MERCURY EXPOSURE AND LINKS TO HUMAN HEALTH IN
ARCTIC NORWAY
1

2

3

JENSSEN, Marthe T S , NJØSTAD, Inger , LARSSEN, Thorjørn
(1) Norwegian Institute for Water Research (NIVA) and Institute for
Community Medicine, University of Tromsø (ISM, UiT), marthe.
jenssen@niva.no (2) ISM, UiT; (3) NIVA.
Persistent pollutants in the Arctic have received much attention.
It is well known that these contaminants accumulate in food webs
and potentially can cause severe physiological damages to top level
predators, including humans. People in Arctic regions tend to be
more exposed to these pollutants due to a potential high intake of
wild fish and animals. In most Norwegian studies, focus has been on
persistent organic pollutants (POPs), rather than mercury, although
food consumption limits for fish often are driven by Hg. The
present study assesses mercury exposure and seriousness of Hg in a
population in northern Norway.
Through a large epidemiological public health survey in the
municipality of Tromsø, Northern Norway, around 13 000 people
aged 30 to 87 delivered hair samples as well as blood and supporting
health information. In addition two questionnaires related to
potential contaminant exposure and other health related issues has
been answered by each participant.
Over 5000 hair samples have been analysed for mercury in order
to evaluate the levels and seriousness of Hg exposure in the general
Tromsø population in relation to diet. Additionally, the connection
to the Tromsø health survey eventually will enable assessment of
links between mercury exposure and possible health impacts of
mercury in the adult population.
Tromsø is a coastal town with high access to high quality fresh fish
and seafood. The dietary patterns show that many participants have
a high intake of fish and seafood. However, due to relatively low
Hg concentrations in the most commonly consumed fish species,
few participants exceed the JECFA PTWI of 1.6 μg/kg bw/week. Hg
concentration levels in this Norwegian population are low compared
to values reported for other populations in the Arctic, especially
indigenous populations in Greenland and Arctic Canada.
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RS9-O8

TG7-O10

TRACE METALS, MERCURY AND DISSOLVED ORGANIC
MATTER CYCLING IN AN OMBROTROPHIC BOG

MERCURY ABIOTIC REDUCTION BY HUMIC ACID IN
ANOXIC CONDITION OF CONTAMINATED AQUEOUS
SYSTEM: A LABORATORIAL SIMULATED EXPERIMENT

1

2

JEREMIASON, Jeff D. , SEBESTYEN, Stephen D , TSUI, Martin
3
4
5
T.K. , FINLAY, Jacques C. , NATER, Edward A. , COTNER, James
4
4
1
B. , JACOBSON, Meghan , CARLSON, Benjamin R.
(1) Gustavus Adolphus College, jjeremia@gustavus.edu (2) USDA
Forest Service; (3) University of Michigan; (4) University of Minnesota;
(5) Univerisity of Minnesota.
Relationships between dissolved organic matter (DOM), trace
metals including mercury and major cations were examined in
the S2 peatland of the Marcell Experimental Forest in northern
Minnesota, USA. DOM is known to bind trace metals and is a
key component controlling trace metal transport from wetlands.
However, the complex and largely unknown character of DOM
prevents the development of reliable models to predict delivery
of toxic metals such as arsenic, lead, and mercury from wetlands.
As several studies have reported increased DOM transport from
multiple wetlands in recent decades, a better understanding of
complex DOM-metal relationships is critical. In this study, we
utilize the heavily instrumented and studied S2 peatland and an
array of sampling locations within S2 to further understand the
complex relationship between DOM and trace metals. Samples were
collected in 2010 from the outflow weir, lagg and bog porewaters,
and in subsurface flow from the uplands. More frequent samples
were collected from the S2 weir and one lagg location, while
~monthly samples from June to September were collected from
multiple upland-to-lagg-to-bog transects. DOM was characterized
by measuring total and dissolved organic carbon and by UV and
fluorescence spectroscopy. Distinct spatial contrasts were found
between Hg and many of the other metals, helping us to better
understand Hg dynamics in the S2 system. For example, Hg and
several metals were found in significant quantities in the subsurface
runoff. Metals that bind to soil organic carbon, such as Pb and
As, and redox sensitive metals such as Mn and Fe, were low in the
subsurface runoff, relative to the weir and lagg porewaters. Hg,
which also has high affinity for soil carbon, had higher or similar
concentrations in the subsurface runoff as the weir and lagg
porewaters, demonstrating different binding affinities for soil and/or
dissolved organic carbon. In general, Hg and other metals that were
found at higher concentration in the subsurface flow (relative to the
weir and lagg), were highest in concentration in the upland and lagg
porewaters, and then decreased moving further towards the bog. Pb
and As, on the other hand, both generally increased moving from
upland to bog porewater. This study highlights the complex nature
of metal/DOM interactions and insights that can be gained about
the environmental system and Hg dynamics by also examining other
metals.

1

1

2

JIANG, Tao , WEI, Shi-qiang , SKYLLBERG, Ulf
(1) Southwest University, jiangtower666@163.com (2) Swedish
University of Agricultural Science.
Mercury (Hg) in the environment is an important pollutant of
2+
0
concern worldwide. The reduction of mercury from Hg to Hg
is especially important. One pathway for this reduction to occur
is through an abiotic process with humic acids (HA) in anoxic
condition, which is controlled by different factors, including
2+
concentration ratio of Hg /DOC, pH, temperature and light, all of
which were investigated in this study. From the scale of laboratory
investigation, comparison of the reduction capacity of HA involving
the initial addition status (aqueous or solid bulk) and different HA
sources were also examined. Results indicated that HA were able
2+
to reduce mercury abiotically, and the ratio of Hg /HA may not
be the only a parameter to decide the reduction process, but the
2+
actual absolute concentrations of Hg and HA added were the same
important. Evidently, two opposing effects including the binding
2+
affinity effect (the reduction increasing with increasing Hg /
DOC ratio) and the effect of decreasing reduction with decreasing
absolute concentration of HA indicating decreasing absolute redox
active groups in reaction system were involved in it, which also
demonstrate the existence of competition between reduction and
2+
complexation process. Thus, both of Hg /DOC ratio and absolute
2+
concentrations of HA and Hg also need to be considered, instead
2+
of determining Hg reduction by simply utilization of ratio
relationship. Meanwhile, the results also indicated that low (3.6) or
high (8.1) solution pH values decreased the HA reduction capacity.
0
Hg production rate increased with increasing temperature, and
the same trend was observed with light exposure. In addition,
HA added as an aqueous solution resulted in significantly greater
0
Hg production than addition as a bulk solid. Finally, the mercury
reduction rate and capacity varied significantly (P<0.05) with HA
from different sources due to the different characteristics of the
2+
HA. Although the Hg /DOC sratios used in this study were higher
than levels in normal natural condition, they also demonstrated
2+
directly the existence of a possible pathway of Hg reduction, which
indicated that HA in natural environments, especially in polluted
water bodies, needs to be considered not only as strong sink for Hg,
2+
but also as a source, when concentrations of Hg and HA were in a
certain range with particular conditions.

RG9-P2
THE INPUT CHANNEL OF METHYLMERCURY ON RANA
CHENSINENSIS
1

1

1

JIANWEN, Bai , NING, Wang , GANG, Zhang
(1) Northeast Normal University, baijw248@nenu.edu.cn
Being of neurological toxicity, Methylmercury can be passed along
food chains and accumulated in organisms by bioconcentration and
biomagnification, which is a fact that has been proved many times.
In the thesis laws of methylmercury enriched from organisms’
habitat environment have been researched. Indoor microcosm
device has been built to simulate river-land amphibian biotope
and hibernation habitat of the Rana chensinensis. Based on the
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methylmercury exposure experiments of the Rana chensinensis,
accumulation response and biomagnification response of
methylmercury have been discussed. In contrast, the hibernant
Rana chensinensis from the native biotope in the area of Huadian
gold mine of Jilin Province in China have been collected.
Two concentration gradients: 0.01ug/L and 0.03ug/L have been used
in the experiments. Adding a certain amount of methylmercury
everyday into the microcosm device in which Rana chensinensis
have been bred and sampling the Rana chensinensis on schedule,
then the concentration of methylmercury in the 4 parts of Rana
chensinensis (skin, muscle, organs and brain) have been determined.
So do the concentration of methylmercury in water and sediments.
Furthermore, the bioaccumulation factors of methylmercury in
organisms and their environment have been calculated.The results
show that: the methylmercury concentration increases gradually
with time, and after reaching the peak value it drops rapidly. During
the latter period of the experiments, the concentration appears uplift
slowly, which shows Rana chensinensis’ emergency response and
detoxicate reaction for methylmercury and the cumulative effects
of methylmercury. The main source of methylmercury on Ranas
chensinensis’ bodies is from the experimental water.
In contrast, every 10-11 pieces Rana chensinensis in three different
places around the Huadian gold mine have been collected. The
samples’ bodies have been divided into four parts(skin, muscle,
organs and brain). Each part of the samples bodies, water and
sediments have been measured. The results show: the Rana
chensinensis contaminated from gold mining have the same
accumulative trends of methylmercury. The methylmercury from
the ambient sediments and water can enter into Rana chensinensis’
bodies via the skins of the organisms.

TG4B-P10
DISTRIBUTION CHARACTERISTICS OF PARTICULATE
MERCURY IN ATMOSPHERE OF CITIES IN WESTERN
COASTAL LINE OF TAIWAN STRAIT, CHINA, WINTER 2010
1

JINSHENG, Chen
(1) Institute of Urban Environment, Chinese Academy of Sciences,
jschen@iue.ac.cn
Particulate mercury, which is bound with particle in atmosphere,
has a negative impact on human health and the environment, also
plays an important role in the biogeochemical process of mercury.
The aim of this research is to learn the pollution characteristics of
particulate mercury in atmosphere in a cluster of cities located on
western coastal line of Taiwan strait, China, along which is the area
undergoing the rapid urbanization and industrialization. In this
paper, the PM2.5, PM10 and TSP were collected in 14 urban sampling
+
sites and 1 background site in Winter of 2010, RA-915 mercury
analyzer was employed to determinate mercury concentrations in
different size particle matters based on zeeman atomic absorption
spectrometry. Preliminary results showed that the contents of
particulate mercury were generally lower than that in the other
cities of China, but higher than those in Europe and North-America
areas, the experimental data also showed that the particulate
mercury were mainly distributed in fine particles (PM2.5), which
covered more than 60.14%, and it could be concluded that the rate
of particulate mercury enrichment in fine particle was much higher
than that of coarse particle. The atmospheric particulate mercury
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concentrations in different cities followed by a order of background
< islang city < tourism city < commerce city < Peri-urban <
industrial city, and the concentration level in northern cities were
higher than that of southern ones. It could be concluded that the
distribution characteristics of particulate mercury was dominated
by the function and industry layout of cities, and also affected by the
meteorological conditions, such as temperature inversion and low
air pressure in winter, which were favorable for the accumulation of
particulate matters and resulted in higher pollution.

MG2-O1
STABLE MERCURY ISOTOPE FRACTIONATION DURING
HG(II) SORPTION TO GOETHITE UNDER DIFFERENT PH
AND CHLORIDE CONDITIONS
1

2

3

JISKRA, Martin , WIEDERHOLD, Jan G. , BOURDON, Bernard ,
4
KRETZSCHMAR, Ruben
(1) Institute of Geochemistry and Petrology, Isotope Geochemistry and
Institute of Biogeochemistry and Pollutant Dynamics, Soil Chemistry,
ETH Zurich, Switzerland, martin.jiskra@erdw.ethz.ch (2) Institute
of Biogeochemistry and Pollutant Dynamics, Soil Chemistry and
Institute of Geochemistry and Petrology, Isotope Geochemistry, ETH
Zurich, Switzerland; (3) Institute of Geochemistry and Petrology,
Isotope Geochemistry, ETH Zurich, Switzerland; (4) Institute of
Biogeochemistry and Pollutant Dynamics, Soil Chemistry, ETH
Zurich, Switzerland.
Soils are the most important terrestrial sink for atmospherically
deposited mercury. Iron (oxyhydr) oxides are common soil minerals
and can play an important role in the immobilisation of mercury,
especially in organic-poor soils. Environmental changes like
acidification, salinization, or land use change can lead to a leaching
of mineral-bound mercury. Stable mercury isotopes are a promising
tracer for the biogeochemical Hg cycle in soils. To interpret natural
Hg isotope ratios, a fundamental understanding of the processes
causing Hg isotope fractionation in soils is needed. Therefore
we investigated the sorption of Hg(II) to goethite (a-FeOOH),
an important Fe (oxyhydr)oxide mineral in most soils, and the
corresponding isotope fractionation mechanisms.
We performed laboratory scale sorption experiments with Hg(II)
solution (dissolved Hg(II)-nitrate) and goethite (synthesized and
characterized) under different pH conditions (buffered at pH 7
with 2.5 mM MOPS, or unbuffered at pH 2-6) and different Clconcentrations (0 and 0.5 mM). Equilibration experiments from 12
to 72 h and kinetic desorption experiments (acidification to pH 3)
between 0.25 and 24 h were performed. The dissolved fraction was
separated from the goethite by centrifugation and filtration, and the
sorbed fraction was collected by dissolving the goethite in 6M HCl.
Concentrations were measured by CV-AFS and isotope ratios by
CV-MC-ICPMS (Nu Plasma) yielding a standard reproducibility of
202
±0.07 ‰ (2SD for δ Hg, 18 measurements over 6 months) using
Tl mass bias correction and bracketing standards.
The experimental data revealed systematic mass dependent
fractionation (MDF) during the equilibration experiments (72 h)
with an enrichment of light Hg isotopes at the goethite surface
202
(δ 202Hgdiss - δ Hgsorb = 0.4 ‰). Low pH and increased Clconcentration reduced the sorbed fraction of Hg(II), but did not
affect the isotope fractionation factor compared with pH 7. No
mass independent fractionation (MIF), which might be caused by
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nuclear volume effects in equilibrium systems, was measured in all
experiments. Our study provides: (i) kinetic and equilibrium isotope
fractionation factors of Hg(II) sorption to goethite and (ii) new
insights into the sorption and desorption kinetics and mechanisms.
In combination with the previous findings on Hg(II) sorption to
thiol groups (Wiederhold et al., 2010, ES&T, 44, 4191–4197), a
model study for sorption to organic matter, our data suggest that
light Hg isotopes are preferentially sequestered in soils and one
could expect an enrichment of heavy Hg isotopes in the mobile
fraction which is leached from soils into surrounding ecosystems.

RS9-O17
CORRELATION OF MERCURY METHYLATION RATES
AND ORGANIC MATTER CONTENT IN SEDIMENTS OF
FARMINGTON AND OGDEN BAYS, GREAT SALT LAKE,
UTAH
1

1

1

JOHNSON, William , RUDD, Abigail , FERNANDEZ, Diego P. ,
1
CARLING, Gregory T.
(1) University of Utah, william.johnson@utah.edu

pike, lake trout, burbot) in boreal shield lakes of northern Ontario,
Canada. Linear models relating total mercury concentration
13
(THg), to carbon source (inferred from δ C), trophic position
15
(inferred from δ N) and growth rate in a standard size of fish (1
kg) were compared using Akaike’s Information Criterion (AIC). In
general, variation among lakes was higher than variation among
species. Following adjustment for lake effects, the piscivores
divided into two distinct groups – those with higher growth rate
5
and lower δ N (walleye, northern pike), and those with lower
5
growth rate and higher δ N (lake trout, burbot). Models containing
13
5
δ C or δ N ranked higher than those containing growth rate.
But, models containing either food web variables or growth rate
all ranked higher than a model where species was defined as a
categorical variable. Much of the interspecific variation in mercury
concentrations among boreal piscivores can be accounted for by
subtle differences in food web position.

TS10-P10
THE DYNAMIC NATURE OF MERCURIC ION REDUCTASE
MERA
1

The spatial variability of methyl mercury production in freshwaterinfluenced bays of the Great Salt Lake was examined via collection
of sediment and water samples from multiple transects at the north
and south ends of Farmington Bay in summer and fall 2009, and
the north end of Ogden Bay in summer 2010. Subsamples were
204
2+
204
spiked with Hg to examine net production of methyl Hg
over time. Mercury concentration and isotopic signals for the
incubated sub-samples were detected using cold vapor atomic
fluorescence spectrometry in line with inductively couple plasma
204
202
mass spectrometry. Concentrations of methyl Hg and Hg were
used to develop first order methylation and demethylation rate
constants (kmeth, kdemeth) for each site. Methylation was not significant
in water samples, but was significant in sediment samples, and
showed spatial variation that did not correspond to methyl or total
Hg concentrations, or water column salinity or dissolved oxygen.
However, a positive correlation with sediment organic matter
content was observed for all three transects that showed significant
methylation, suggesting that methylation in the wetlands of Great
Salt Lake is controlled by sediment organic carbon content.

RG15-O4
INTERSPECIFIC VARIATION IN MERCURY
CONCENTRATIONS OF BOREAL PISCIVORES: THE
RELATIVE ROLES OF FOOD WEB POSITION AND
GROWTH RATE
1

2

2

JOHNSTON, Thomas , TANG, Rex W-K , GUNN, John M
(1) Ontario Ministry of Natural Resources, tjohnston@laurentian.ca
(2) Laurentian University.
Fish mercury concentrations can vary considerably among species
within a waterbody. For example, piscivores usually have much
higher mercury concentrations than benthivores or herbivores.
However, even within the piscivore trophic guild, mercury
concentrations can still vary among species at a standard body size.
We examined the relative roles of food web position and growth rate
in accounting for interspecific variation in mercury concentration
of four co-habiting, native piscivore species (walleye, northern
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1

2

JOHS, Alexander , PARKS, Jerry M. , HARWOOD, Ian M. , SMITH,
1
2
1
Jeremy C. , MILLER, Susan M. , LIANG, Liyuan
(1) Oak Ridge National Laboratory, johsa@ornl.gov (2) University of
California, San Francisco.
Mercury (Hg) is a ubiquitous contaminant in the environment
of particular interest as its conversion to methyl mercury leads
to bioaccumulation and toxicity in higher organisms. Some
bacteria have naturally evolved elaborate resistance mechanisms
to deal with heavy metal toxicity. Bacterial mercury resistance is
mediated by the mer operon, a set of genes encoding proteins that
specifically facilitate cellular uptake of Hg(II) species, cleavage of
organomercurials to hydrocarbons and Hg(II), and the key step
in the resistance pathway, reduction of Hg(II) to Hg(0). With its
intracellular location, the enzyme catalyzing the reduction, mercuric
ion reductase (MerA), not only needs to be an efficient catalyst
but also must acquire Hg(II) efficiently from other cellular and
pathway proteins. All MerA proteins have a conserved homodimeric
catalytic core (~100 kDa), homologous with the NADPH-dependent
flavin disulfide oxidoreductases, and many have an N-terminal
metallochaperone-like domain, NmerA, which acquires Hg(II) and
transfers it using pairs of cysteine residues to an active site in the
core homodimer for reduction. Here we have applied small angle
neutron and X-ray scattering and molecular dynamics simulations
to explore the structure and dynamics of full length MerA and
to identify the docking site of NmerA with the core. We have
characterized two functionally relevant states of MerA: (1) MerA
in the absence of Hg(II) and (2) a multiple Cys to Ala mutant that
traps the transient intermediate that would occur during handover
of Hg(II) between NmerA and the catalytic core. Our data show
first that the two N-terminal domains in dimeric MerA can sample
a large number of conformations, consistent with the hypothesis
that NmerA serves as a shuttle removing Hg(II) from distant donors
in the cytoplasm for delivery to the core. In addition, the results
identify the site of interaction between NmerA and the catalytic
core during the transient Hg(II) handoff, providing insight into
structural features that lead to efficient transfer. The high specificity
of NmerA for mercuric mercury facilitates efficient acquisition and
directed transport of Hg(II) to the catalytic core of MerA, which
actively reduces Hg(II) to less harmful Hg(0).
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RG8-P20
BIOACCUMULATION OF MERCURY IN BENTHIC AND
PELAGIC ORGANISM – A MESOCOSM STUDY
1

2

1

JONSSON, Sofi , SKYLLBERG, Ulf , LUNDBERG, Erik ,
1
2
1
ANDERSSON, Agneta , NILSSON, Mats B , BJÖRN, Erik
(1) Umeå University, sofi.jonsson@chem.umu.se (2) Swedish
University of Agricultural Sciences.
Accumulation of mercury in the pelagic zone by plankton and
in sediment by benthic organisms is of great importance for
further bioaccumulation and magnification in the aquatic food
web. Recent discussions have brought attention to the importance
of newly deposited, contra aged, mercury for the production
and bioaccumulation of methylmercury (CH3Hg). In this study
bioaccumulation of isotopically enriched Hg tracers, simulating
newly deposited and aged Hg, in plankton and benthic organism
was studied in a mesocosm study utilizing 12 isolated tubes of 70
cm id and 5 m height with intact sediment cores (65 cm id) and
brackish water sampled from an estuary located in the Bothnian
bay. Isotopically enriched tracers was injected 0.5 cm below the
sediment surface (black cinnabar (β -HgS) as well as inorganic
II
mercury (Hg ) and CH3Hg bound to organic matter) and added
II
to the water column (aqueous Hg and CH3Hg). Three different
treatment regimens was applied; two levels of pelagic productivity
(phytoplankton dominated food web) and one with increased inflow
of humic material to the pelagic zone (bacteria dominated pelagic
food web). After an incubation period of 8 weeks, accumulation of
added tracers was determined in plankton (<50, 50-200 and >200
μm) and benthic organisms (mussels, worms, larva and isopod
crustacean).

to the benthic zone. Furthermore the issues of how this relation
affects the relative CH3Hg formation from simulated fresh and aged
Hg depositions, and how ecological changes in the pelagic food web
(e.g. due to climate change or eutrophication scenarios) may alter
CH3Hg formation rate, were addressed.
Model ecosystems were constructed utilizing a mesocosm facility
containing 12 isolated tubes of 70 cm id and 5 m height with intact
sediment cores (65 cm diameter) and brackish water sampled from
an estuary located in the Bothnian bay. Five different Hg isotope
tracers were added to the systems: solid-phase tracers (black
II
cinnabar (β -HgS) as well as inorganic mercury (Hg ) and CH3Hg
bound to organic matter) were injected 0.5 cm below the sediment
II
surface and aqueous Hg and CH3Hg tracers were added to the
water column. By additions of nutrient and ADOC three different
treatment regimens were constructed in triplicates; two treatments
with phytoplankton dominated pelagic food webs but with different
productivity and one with bacteria dominated pelagic food web and
elevated concentration of ADOC. These treatments conceptually
represent effects on the pelage from eutrophication and climate
change scenarios, respectively, and resulted in substantial differences
in deposition of OM to the sediments. Formation and degradation
of CH3Hg were monitored for the respective tracers during an
incubation period of 8 weeks, and the systems were characterized
with respect to important chemical and biological parameters,
including solid and aqueous phase speciation of Hg, bacterial
communities and organic material, to establish their importance for
Hg reactivity.

RG14-O7
MERCURY TOXICITY: A GLOBAL PROBLEM- PROTECTION
BY SOME THERAPEUTIC AGENTS ALONGWITH
ANTIOXIDANTS- A NOVEL APPROACH

FG8-O8
METHYL MERCURY FORMATION IN MARINE
ECOSYSTEMS WITH DIFFERENT PELAGIC FOOD WEB
STRUCTURE AND PRODUCTIVITY – A STUDY UTILIZING
NOVEL EXPERIMENTAL STRATEGIES AND MESOCOSM
SYSTEMS
1

2

1

JONSSON, Sofi , SKYLLBERG, Ulf , LUNDBERG, Erik ,
1
2
1
ANDERSSON, Agneta , NILSSON, Mats B , BJÖRN, Erik
(1) Umeå University, sofi.jonsson@chem.umu.se (2) Swedish
University of Agricultural Sciences.
Input of nutrients and allochthonous dissolved organic carbon
(ADOC) control the pelagic food web structure and productivity in
estuarine ecosystems, which in turn control the type and supply rate
of organic material deposited to the benthic zone. The deposition
of organic material is important for Hg biogeochemical processes
as it affects e.g. redox conditions, activity of Hg methylating
bacteria and Hg speciation in sediments. In this study estuarine
model ecosystems, with different pelagic food web structure and
productivity, were constructed to establish the relation between
biogeochemical processes controlling net formation of methyl
mercury (CH3Hg) and the type and supply rate of organic material
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1

JOSHI, Deepmala
(1) deepmalajoshi953@gmail.com
Over the last three decades there has been increasing global concern
against mercury toxicity over the public health impacts attributed to
environmental pollution, in particular, the global burden of diseases.
Mercury pollution is one such major area of concern. It is one of the
most widely diffused and hazardous organ-specific environmental
contaminant. Organic mercury, a systemic poison is posing a
serious health problem. Its toxicity first came to public attention
by way of the Minamata and Iraqi tragedies. It is one of the most
common heavy metal, which is used for more then 3000 years in
medicine, industries and used therapeutically as a cathartic, diuretic,
in dental amalgam as well as folk remedies. It is a potent neurotoxin
that can bind to many enzymes by crossing of blood brain barrier.
Present investigation was conducted to assess the protective effects
of NAC along with Zn/Se against DMM. Acute mercury exposure
revealed elevation in AST, ALT, ALP, LDH activities, however,
changes were noticed in LPO, GSH, AH, AND, AChE variables.
Chronic DMM exposure produced alterations in LPO, GSH,
GR, GPx, G-6-PDH, AChE, ATPase, mercury concentration. To
further enhance the efficacy of NAC, it was supplemented with
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Zn & Se. In which, NAC+ Zn+ Se proved to be most efficacious
in mercury mobilization, recoupment in biochemical variables.
Histopathological, ultrastructural/ DNA damage observations
substantiated above findings.

TS7-P4
FLUVIAL TRANSPORT OF MERCURY AND DISSOLVED
ORGANIC CARBON IN CONTRASTING STREAM BASINS
IN THE EASTERN UNITED STATES
1

1

1

JOURNEY, Celeste , BRADLEY, Paul M. , FEASTER, Toby ,
1
BRIGHAM, Mark E.
(1) U.S. Geological Survey, cjourney@usgs.gov
Multi-scale assessment of mercury and dissolved organic carbon
loads (fluxes) was conducted in the Edisto River basin (in the
Coastal Plain of South Carolina) and the upper Hudson River
Basin (in the Adirondack Mountains of New York). The assessment
focused on the role of headwater basins in the transformation
of mercury species and their transport to downstream larger
river habitats where mercury concentrations in resident fishes
have historically been elevated above wildlife and human dietary
guidelines. Annual fluxes and yields (area-weighted flux) of
dissolved and particulate mercury species (methylmercury and total
mercury) were compared between headwater (drainage areas less
than 80 square kilometers) and main stem (drainage areas greater
than 200 square kilometers) scales in both study areas. Dissolved
organic carbon was included in the assessment because of the strong
affinity of mercury for organic matter and its potential to control
mercury fate and transport.
Fluxes and yields of dissolved and particulate mercury species
(methylmercury and total mercury) and dissolved organic carbon
were computed from stream discharge and concentrations data
using the S-LOADEST software program based on the “rating
curve” method. Consistent application of laboratory analytical
methods and load estimation procedures were adopted to allow flux
comparisons among basins while directly addressing the effect of
basin scale on mercury supply. Results of the load estimation and
comparison of annual methylmercury yields at different locations
within river basins will be presented and discussed in relation to
the impact of basin scale on methylmercury supply, the challenges
inherent in comparisons between different sized basins, and the
appropriate standardization procedures for inter-basin comparisons.

MS18-P4
APPLICATION OF THE UNEP PROCESS OPTIMIZATION
GUIDANCE DOCUMENT (POG) TO PROMOTE MERCURY
CONTROL
1

2

3

JOZEWICZ, Wojciech , SLOSS, Lesley , FUTSAETER, Gunnar
(1) Arcadis, wojciech.jozewicz@arcadis-us.com (2) IEA Clean Coal
Centre; (3) UNEP.
The Global Mercury Partnership is the main mechanism for the
delivery of immediate actions on mercury during the negotiation
process leading to a legally binding instrument on mercury. One
of the partnership areas is the “Reduction of Mercury Releases
from Coal Combustion.” This partnership area is currently
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implementing the project on “Reducing Mercury Emissions from
Coal Combustion in the Energy Sector.” The project has produced
UNEP’s Process Optimization Guidance (POG) summarizing
practices capable of providing reduction of mercury emissions
from coal-fired power plants. The POG is a written guidance tool
to help determine the approaches to control mercury emissions.
It is a tool for individual coal-fired power plants, allowing for a
preliminary selection of a mercury control strategy. The POG was
presented to government agencies in three selected countries: South
Africa, Russia, and China, to promote mercury emission control
approaches.
Coal combustion in power plants and industrial boilers was
responsible for 26 percent of global anthropogenic emissions
of mercury in 2005. Therefore, approaches summarized in the
POG have the potential to significantly reduce global emissions
of mercury. These approaches are often a co-benefit of reducing
emissions of other pollutants such as particulates, SO2 and NOX.
In addition to the co-benefit removal, mercury-specific control
processes should be considered, depending on the amount of
mercury emission reduction desired. The approaches described in
the POG include energy efficiency improvement, pre-combustion
control/prevention measures, maximization of mercury emission
control from plants with existing emission control technologies for
other pollutants, and multipollutant control processes.
The POG introduces the “Decision Tree,” a methodology to guide
the reader through a preliminary selection process towards the
most appropriate mercury control strategy. The Decision Tree takes
into account the existing control equipment configuration for other
pollutants (e.g., sulfur dioxide, oxides of nitrogen, or particulate
matter) as well as its operation. Based on the results of the Decision
Tree analysis, the user is guided towards a preliminary selection
of mercury control technologies, including mercury-specific
technologies, which are most appropriate to their plant.

RS9-O18
MODELLING DISSOLVED ORGANIC CARBON
CONCENTRATIONS AND FLUXES IN STREAMS AND
FOREST CATCHMENTS
1

2

3

JUTRAS, Marie-France , MINA, Nasr , CLAIR, Tom C. , ARP, Paul
2
A.
(1) Faculty of Forestry and Environmental Management, University
of New Brunswick , (2) Faculty of Forestry and Environmental
Management, University of New Brunswick; (3) Environment Canada.
Dissolved organic carbon (DOC) concentrations in south-western
Nova Scotia streams, sampled at weekly to biweekly intervals,
were weel synchronized but varied spatially and temporally from
-1
-1
<5 to 40 mgL (average=2.2mgL ), being highest midsummer to
fall and lowest during winter to spring. The DOC concentrations
in upland soil leachates near the streams ranged from 0.2 to 680
-1
mgL-1 (average=2.2mgL ), with highest values after spring thaw.
In comparison, DOC concentrations in shallow-well water flowing
-1
towards the streams were generally low (average=2.2mgL ). A
3-parameter model (DOC-3) was proposed to project weekly to
biweekly stream DOC concentrations from daily soil temperature
and moisture estimations, year-round. In this model, basinspecific stream-water DOC is in part inferred from the wet-area
percentage per basin, while the water that that would seep through
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the upland soils and underlying bedrock towards the streams would
be clear. The parameters of this model refer to (i) a basin-specific
DOC release parameter “kDOC”, related to the wet-area percentage
per basin, (ii) the lag time “τ” between DOC production and
subsequent stream DOC emergence, related to total stream length
or catchment area above the stream sampling location; and (iii) the
activation energy “Ea”, to deal with the temperature effect on DOC
production. This model was calibrated with the weekly to biweekly
DOC data from 3 streams (Pine Marten, Moosepit Brook, and the
Mersey River sampled at or near Kejimkujik National Park) and was
extended to project the DOC concentrations and fluxes within the 8
streams and lake of the Pockwock-Bowater Watershed Project near
Halifax, Nova Scotia. The best-fitted model calculations captured
2
the stream-water DOC concentrations at R =0.6, 0.7, and 0.8 at the
weekly, monthly, and annual scales, respectively. Within Pockwock
Lake, DOC concentrations remained synchronized with the streamwater DOC along the shore, but dropped to a fairly constant value
away from the shore regardless of lake depth and season.

RS4-P3
MERCURY AND METHYLMERCURY DISTRIBUTION IN
ARCTIC OCEAN SEDIMENTS
1

2

KADING, Tristan , ANDERSSON, Maria
(1) WHOI, tkading@whoi.edu (2) University of Gothenburg.
During the 2005 Beringia expedition, sediment samples were
collected from 10 sampling locations transecting the Arctic Ocean
encompassing coastal, basin, and ridge sites using a multi core. The
upper 20 centimeters of sediment was collected and analyzed for
total mercury and methyl mercury. The distribution of mercury in
Arctic Ocean surface sediments shows a large degree of geographic
variability. The measured total mercury concentrations ranged
-1
from 6 to 136 ng g . There was also variability in the total mercury
concentrations within each core. All sites except two showed
a decrease in total mercury from the sediment water interface
downwards. Five sites show a significant peak in concentration at
depths ranging from 6 to 20 cm. Results for methyl mercury will
also be presented.

seafood causing extreme fetal abnormalities and neurotoxicity (i.e.,
microcephaly, blindness, severe mental and physical development
retardation).
More subtle neurologic effects have been observed in populations
with moderate levels of MeHg exposure from regular consumption
of fish and/or marine mammals, including associations of MeHg
biomarkers at birth with decrements in memory, attention,
language, and visuo-motor skills in childhood. A growing body of
literature has explored the effects of lower levels of MeHg exposure
and the impact of MeHg on a variety of health outcomes both
in adults and children. Findings include adverse effects on the
cardiovascular system, birth weight, immune function, and other
pathways. Methylmercury is more readily absorbed than inorganic
forms, and absorbed primarily in the intestines, reabsorbed through
the enterohepatic system, and fecally excreted. Methylmercury
excretion rates vary widely among individuals and involve
glutathione conjugation by selenium dependent glutathione-Stransferases (GSTs). Scant data exist on the relations between GST
polymorphisms and blood levels of MeHg, and their potential
modifying effects on health outcomes. Additionally, the potential
confounding or modifying effects of other factors (e.g., other
nutrient/contaminants) have been explored only to a limited extent.
This paper provides a synthesis of the current state of knowledge
on the human health effects of low-level MeHg exposure. It
concentrates on recent studies that inform risk at common
exposure levels, focusing on the epidemiologic literature of MeHg
concentrations measured in biologic tissue. We examine the
following questions: 1) What are the key health effects of lower,
prevalent levels of MeHg exposure in the general population; 2)
What is the recent evidence; 3) What are potential confounders
or modifiers of human health risks (synergistic or antagonistic);
4) What important gaps exist in our knowledge; and 5) How can
recent evidence help guide policies regarding the reduction of MeHg
exposure worldwide. The opinions are those of the authors and do
not necessarily reflect the policies of the U.S. EPA.

RG11-O8
TRENDS IN MERCURY CONCENTRATIONS IN U.S.
COMMERCIAL FISH, A RESEARCH SYNTHESIS

WS14-O8

1

NEW EVIDENCE ON THE HUMAN HEALTH EFFECTS OF
LOW LEVEL METHYLMERCURY EXPOSURE
1

2

3

KARAGAS, Margaret R. , CHOI, Anna , OKEN, Emily , HORVAT,
4
5
6
Milena , SCHOENY, Rita , KAMAI, Elizabeth , GRANDJEAN,
7
2
Philippe , KORRICK, Susan
(1) Dartmouth Medical School, margaret.karagas@dartmouth.edu (2)
Harvard Medical School; (3) Brigham and Women’s Hospital; (4) Jozef
Stefan Institute, Slovenia; (5) U.S. EPA; (6) Dartmouth College; (7)
Harvard School of Public Health.
Methylmercury (MeHg) is a known neurotoxicant, and emerging
data indicate that it may have other adverse health consequences.
Importantly, MeHg passes not only through the blood brain barrier
but also the placenta of pregnant women, resulting in higher
MeHg in fetal than maternal circulation. As with other metals, the
developing fetus is especially vulnerable to MeHg exposure. This
was exemplified by the occurrence of Minamata disease in Japan
when pregnant women consumed highly MeHg contaminated
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KARIMI, Roxanne
(1) Stony Brook University, rkarimi@notes.cc.sunysb.edu
For over a decade, Hg has been listed as one of the most hazardous
substances in the U.S. due to its potential threat to human health.
Despite its importance, our understanding of current human
exposure to Hg through fish consumption remains limited. One
of the largest sources of uncertainty in estimating exposure risk in
the U.S. is the lack of comprehensive data on Hg concentrations
in commercial fish. We conducted a large-scale study to assess
general trends and variability in Hg content of commonly consumed
commercial seafood items in the U.S. We evaluated over 1000 peerreviewed scientific publications and government agency reports for
inclusion in the study based on 10 selection criteria. We extracted
data from approximately 350 sources. For each seafood item, we
calculated the range and grand mean Hg concentration, weighted
by sample size, using mean Hg concentrations reported from each
study. We found that swordfish, halibut species, Atlantic cod, sardine
species and shark species are among the most studied seafood items.
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In contrast, tilefish, monkfish and farmed fish (relative to their wild
counterparts) are among those relatively understudied. Seafood
items with the most variable Hg concentrations include shark
species, tilapia species, shrimp species, pollock species and blue
marlin. In contrast, seafood items including Atlantic cod, Pacific cod
and Spanish mackerel, have the least variable Hg concentrations.
Preliminary analyses revealed that the majority of seafood items
varied in Hg content by at least 10-fold. Grand mean Hg values
calculated from our study were largely consistent with mean Hg
values from the FDA Monitoring Program. However, we found
that the FDA values overestimate Hg content in several seafood
items, including blue crab and catfish. Additionally, FDA values
underestimate Hg content in several other seafood items, including
striped bass, shrimp and blue marlin. Overall, our findings reveal
that data-rich estimates of Hg concentrations of commercially
important seafood items, based on a synthesis of the literature,
warrant a re-assessment of consumption advisories and Hg exposure
risk.

mass spectrometry with isotope dilution method (ID-GC-ICPMS). Sample preparation included derivatization with sodium
tetra-(n-propyl)-borate and liquid extraction with hexane. Our
experiments indicate that Enterobacteriaceae, Pseudomonadaceae
and Clostridiaceae are responsible for mercury methylation in the
gut of invertebrates such as earthworms.
[1] P. Craig, Organometallic Compounds in the Environment
(2003), Wiley.
[2] T. Barkay, Bacterial mercury resistance from atoms to
ecosystems, FEMS Microbiology Reviews 27 (2003) 355-384.

RG9-P12
VARIATIONS IN CONCENTRATIONS OF MERCURY
BETWEEN SPECIES OF STREAM SALAMANDERS IN
GARRETT COUNTY, MARYLAND
1

MG7-P47
MICROBIAL MERCURY METHYLATION IN THE GUT OF
SOIL INVERTEBRATES
1

1

KASCHAK, Elisabeth , KÖNIG, H.
(1) Institute of Microbiology and Wine Research, Johannes GutenbergUniversity Mainz, Germany, Kaschak@uni-mainz.de
Mercury and its derivates are widely distributed in the biosphere
and are mainly released by anthropogenic activities such as
stationary combustion like coal fired power plants, waste
disposal and cement production. These industrial processes are
responsible for the current debit of our environment with these
toxic compounds [1]. Especially alkylated mercury species are
potent neurotoxins due to their ability to cross the blood-brain
barrier. They are involved in the most serious human poisonings by
organometals. Biomagnifications in higher trophic levels is a critical
aspect in environmental cycles.
Biotic methylation of mercury by aquatic microorganisms is well
studied. In contrast, there is less knowledge about such reactions in
soil and the features of the involved microorganisms. We studied
the accumulation of methylmercury by the earthworm Eisenia
foetida after feed with soil enriched with mercurychloride. In order
to investigate whether methylmercury in worm tissue originates
from soil or gut bacteria we isolated bacteria from Eisenia foetida.
These microorganisms were cultivated on different media and
tested for their capability of mercury transformation. For further
characterization, microorganisms were identified by denaturating
gradient gel electrophoresis (DGGE) and 16S rDNA-analysis.
Resistance to inorganic and organic mercury compounds in
Gram-positive or Gram-negative bacteria is typically mediated by
0
a mercuric reductase enzyme (MerA), a protein (MerT) for Hg
uptake and MerR, a metal responsive regulator [2]. For further
comprehension of mechanisms of mercury transformation we
screened bacterial cultures for presence of MerA, MerT and MerR.
Of special interest is the speciation of anorganic and alkylated
mercury at trace levels, because toxicity and bioavailability depends
on chemical species. The detection of mercury compounds in
complex samples like animal tissue or bacterial culture media was
performed by gas chromatography atomfluorescence spectrometry
(GC-AFS) and gas chromatography inductively coupled plasma
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KAUMEYER, Morgan , CASTRO, Mark
(1) University of Maryland Center for Environmental Science,
mkaumeyer@umces.edu
The purpose of this project was to determine if total mercury
concentrations ([THg]) in stream salamanders were influenced
by species of salamander and water quality characteristics
between streams. We measured the [THg] in five species of
stream salamanders from Garrett County, Maryland collected
during spring, summer, and fall 2010. These were the northern
two-lined salamander (NTL, Eurycea bislineata), northern dusky
salamander (ND, Desmognathus fuscus), eastern red-spotted newt,
(RSN, Notophthalmus viridescens), Allegheny mountain dusky
salamander (MD, Desmognathus ocraphaeus), and seal salamander
(S, Desmognathus monticola). These were chosen because they
occupy similar stream habitats, have distinct niches within the
stream ecosystem, and have different life histories. Salamanders
were collected from nine streams, selected by historic pH and
Acid Neutralizing Capacity (ANC), either low (pH<5 with ANC
-1
-1
< 50ueq L ), medium, or high (pH>6 with ANC>150ueq L ).
Seasonal sampling of the salamanders showed variations among
sites and variations between different species. In the spring at Mud
Lick (historically high pH and ANC), NTL had a mean [THg] of
-1
32.75ng g , which was significantly higher than RSN (20.21ng
-1
g-1). During summer mean [THg] in NTL (38.99ng g ) and RSN
-1
-1
(33.91ng g ) were significantly higher than ND (21.34ng g ). In
-1
the fall, [THg] was significantly higher in NTL (59.40ng g ) than
-1
-1
ND (34.40ng g ) and RSN (37.56ng g ). In the spring at Monroe
Run (historically high pH and ANC), NTL had a mean [THg] of
-1
-1
38.11ng g , which was significantly higher than ND (15.68ng g ).
-1
In the summer mean [THg] in MD (24.23ng g ) were significantly
-1
-1
higher than ND (17.74ng g ) and S (11.48ng g ). NTL (24.54ng
-1
g ) were also significantly higher than S. In the fall ND (34.40ng
-1
-1
-1
g ), MD (44.20ng g ) and NTL (59.40ng g ) from Mud Lick were
significantly higher than the same species from Monroe Run
-1
-1
-1
(22.48ng g , 15.36ng g , and 20.88ng g respectively). We will
further discuss the relationships between salamander species and
the mean [THg] at all stream sites as well as relationships between
stream water chemistry, including total and methyl mercury
concentrations and major ion concentrations, and variations in
mean [THg] in salamanders between stream sites.
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and areas where environmental mercury pollution is an issue due to
gold mining activities are of special concern.

MG14-P5
CELLULAR RESPONSE TO SEAFOOD NUTRIENTS AND
METHYLMERCURY EXPOSURE
1

1

1

KAUR, Parvinder , SYVERSEN, Tore , EVJE, Lars , HEGGLAND,
1
Ingrid
(1) Department of Neurosciene, parvinder.kaur@ntnu.no
Methylmercury (MeHg), an environmental toxicant primarily
found in seafood, poses a dilemma to consumers and regulatory
authorities given the nutritional benefits of fish consumption
versus possible adverse neurological damage caused by MeHg. We
addressed this issue by estimating the cellular response to dietary
nutrients as well as neurotoxic exposures from MeHg to determine
the risks and benefits of fish consumption.
For this purpose, the effect of seafood nutrients such as glutathione,
fatty acids, micronutrients and vitamins in modulating MeHginduced neurotoxicity were investigated in C6 and primary
astrocytes as glial and B35 and primary neurons as neuronal models.
The cells were incubated with N-acetyl cysteine (NAC), di-ethyl
maleate (DEM), Docosahexaenoic acid (DHA), Selenomethionine
(SeM) and 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid (Trolox) for 12 or 24 hrs. and then exposed to 5μM or
10μM MeHg for 50 min. The intracellular Glutathione (GSH),
DHA, Selenium and MeHg content was measured by fluorescent
indicator monochlorobimane (MCB), Gas Chromatography-Flame
ionization detector (GC-FID), high resolution-inductively coupled
14
plasma mass spectrometry (HR-ICPMS) and C-labelled MeHg.
Mitochondrial activity (MTT) and reactive oxygen species (ROS)
content were selected as the endpoints for measuring cytotoxicity
and were measured by MTT reduction, and fluorescent indicator
-chloro methyl derivative of di-chloro di-hydro fluorescein diacetate
(CMH2DCFDA). MeHg treatment resulted in significant (p<0.05)
decrease in GSH content, MTT activity and increase in ROS levels
in C6 and primary cells as compared to control group. In addition,
depletion of intracellular GSH by treatment with 3mM DEM led
to increase in cell-associated MeHg and MeHg-induced ROS.
Conversely, 250μM NAC supplementation increased intracellular
GSH and provided protection against MeHg-induced oxidative
stress and attenuated MeHg-induced cytotoxicity. In addition, 30μM
DHA, 50μM Trolox and SeM preincubated cells also exhibited
reduction in (p<0.001) MeHg-induced ROS. Taken together, these
studies, establish that preincubation with seafood nutrients protect
against MeHg-induced ROS. These results support the hypothesis
that protection against intracellular oxidative stress is among one
of the major mechanisms responsible for neuroprotection against
MeHg-containing fish diet.

RS17-P6
HAIR MERCURY LEVELS IN RELATION TO FISH
CONSUMPTION AT INHABITANTS OF THE VILLAGE
ALONG RIVERS WITH SMALL SCALE GOLD MINING
1

2

2

KAWAKAMI, Tomonori , INOUE, Takanobu , ELVINCE, Rosana ,
3
Ardianor
(1) Toyama Prefectural University, kawakami@pu-toyama.ac.jp (2)
Toyohashi University of Technology; (3) University of Palankaraya.
Inhabitants with high freshwater fish consumption in the Central
Kalimantan have a significant exposure to dietary methyl mercury,
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Hair mercury levels were determined in 77 individuals from
inhabitants along the rivers that have freshwater fish with relatively
high mercury levels. Thus, the individuals had a potentially high
intake of methl mercury. The mean mercury concentration of Bakut,
Tapah and Baung was approximately0.3μg/g. Almost inhabitants
consumed these freshwater fish at least once a week or more.
As could be expected, there was a clear increase in hair Hg with
reported freshwater fish consumption. The average mercury level
in hair was 6.8 μg /g for the whole group. The highest hair mercury
level was 94μg/g, in a woman who may consumed fish several
time per week. Men had higher hair Hg than women except two
women of high concentration, that is 94, 40mg/g. The median hair
mercury level in 77 inhabitants was 3.9 μg/g for the men and 2.7μg/g
for women. All inhabitants had hair mercury exceeding 1μg/g,
corresponding to the reference dose by the US Environmental
Protection Agency. The most at-risk group at these levels women of
fertile age and infant. Hair mercury concentrations of all of these
people had exceeding 1μg/g, especially woman for 27 years old had
10μg/g and man for 2 years old had 3.3 years old. However, since
fish is rich in many important nutrients, it is unsatisfactory that fish
consumption must be restricted, and thus there is a need to reduce
mercury levels in fish.

TS17-O14
MEASUREMENT OF GASEOUS MERCURY
CONCENTRATION IN THE ATMOSPHERE OF ACEH JAYA
DISTRICT,WEST SUMATRA, INDONESIA BY PASSIVE
SAMPLERS
1

2

3

KAWAKAMI, Tomonori , INOUE, Takanobu , ELVINCE, Rosana ,
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NAGAFUCHI, Osamu
(1) Toyama Prefectural University, kawakami@pu-toyama.ac.jp
(2) Toyohashi University of Technology; (3) oyohashi University of
Technology; (4) University of Shiga Prefecture.
A passive sampler, which does not require an electric power supply
and is suitable for multi-point sampling, was developed to measure
the atmospheric mercury. A fairly good performance of the passive
sampler was confirmed by comparing the analysis data with that
obtained from the active sampler. The passive samplers were
applied to measure the atmospheric mercury concentration in West
Sumatra, Indonesia, where artisanal and small-scale gold mining
plants are under operation. The passive sampler worked quite well to
determine the space distribution of gaseous mercury around a gold
purification plant in the Datar Luas Village in the Aceh Jaya District
of Aceh, West Sumatra. In this research, we confirmed the existence
of two major plants with about 100 tumblers and two smaller plants
with 20 and 4 tumblers for amalgamation. However, as all plants are
illegal in this area, other plants function illegally in the backyards
of homes. Therefore, there could be some gold mining plants that
the government has not been able to identify. Based on an interview
with miners in July 2010, approximately 0.25 kg of mercury is put in
a single tumbler. The amalgamation process is repeated three times
per day. The total mercury used in this activity is estimated to be 168
kg/day. Although the mercury is re-used, some amounts of mercury
are still believed to be released into the environment during the
gold separation process, which involves the discharge of waste water
and burning of the amalgam form. The mercury concentration was
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measured at nine stations around the plants and inside of the shed of
one of the major gold mining plants. The highest gaseous mercury
3
concentration, 1740 ng/m , was observed inside the plant shed. In
a residential area, a gaseous mercury concentration of more than
3
200 ng/m was observed. This indicates that not only the workers in
the plants but also the residents near the plants could suffer adverse
effects from exposure to high concentrations of mercury.

RS1-P9
DEVELOPMENT OF A PASSIVE SAMPLER FOR GASEOUS
MERCURY IN THE ATMOSPHERE- APPLICATION TO
DIFFERENT ALTITUDES OF MT. FUJI
1

2

KAWAKAMI, Tomonori , ISEZAKI, Yukihiro , KINOSHITA,
2
3
4
Hazumu , HASHIMOTO, Naoki , KINOSHITA, Kuriko
(1) Toyama Prefectural University, kawakami@pu-toyama.ac.jp
(2) Graduate School of siga Prefecture; (3) Graduate Shool of Shiga
Prefecture; (4) Toyohashi University of Technology.
UNEP initiated Global Mercury Partnership to protect human
health and global environment from the release of mercury and
long-range transport issue, especially from anthropogenic mercury
such as coal combustion. To elucidate the vertical distribution of
mercury concentration the different altitudes of Mt. Fuji, we have
developed a passive sampler to measure the gaseous mercury
concentration in the atmosphere. A passive sampler does not require
electric power supply and is suitable for multi points sampling.
The body was made of fluorocarbon to prevent mercury from
deposition on it. As an adsorbent of mercury in the sampler, a
quarts fiber filter coated with gold was prepared in order to make it
possible to measure the mercury by the heating atomic absorption
spectrophotometry method.
The developed passive sampler was applied to measure the vertical
distribution of gaseous mercury concentration in the atmosphere
of Mt. Fuji. The sampling was carried out on July and August, 2010.
The passive sampler for the atmospheric mercury was successfully
developed to measure the vertical distribution of mercury
concentration each altitude of Mt. Fuji.
Acknowledgment: This research was partially supported by
Mitui&Co.,Ltd. Environment Fund, the Environment Research
and Technology Development Fund(B-1008)of the Ministry of the
Environment, Japan, the Watanabe Memorial Foundation for the
Advancement of Technology, and the financial support of Japan
Post Service Co.,Ltd. In 2009. This work was performed during
the period in which the NPO Valid Utilization of Mt. Fuji Weather
Station maintained the facilities.

MS18-O4
THE ARTISANAL AND SMALL SCALE GOLD MINING
AREA OF THE GLOBAL MERCURY PARTNERSHIP
1
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KEANE, Susan , BERNAUDAT, Ludovic
(1) Natural Resources Defense Council, skeane@nrdc.org (2) United
Nations Industrial Development Organization.
The Artisanal and Small Scale Gold Mining Partnership area is part
of UNEP’s Global Mercury Partnership, an initiative to reduce global
mercury pollution through coordinated voluntary actions. This
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partnership area, co-lead by Natural Resources Defense Council
and the United Nations Industrial Development Organization,
gathers the major actors in the sector, including governments,
academia and civil society. The ASGM sector remains the largest
demand sector for mercury globally (best global estimates put
mercury use by the sector in the range of 1300 tonne/year in 2010).
Virtually all of the mercury introduced in the process is released to
the environment. This sector involves an estimated 10-20 million
miners, and the numbers are likely increasing as the rising price of
gold attracts additional poverty-driven miners. Serious long-term
environmental health hazards exist for populations associated with
or living downstream/wind from mining operations, often including
indigenous peoples. Because ASGM sites are usually remote, and
because the practice is often informal and in some countries illegal,
reaching out to individual miners is challenging. The objective of the
ASGM Partnership area is to minimize and where possible eliminate
mercury uses and releases in artisanal and small scale gold mining.
The Partnership area promotes a target of a 50 percent reduction in
mercury demand in ASGM by the year 2017. The Partnership area
strives to meet this objective by providing assistance to countries to
formalize / regulate the ASGM sector; working with governments
to address financial, policy and regulatory options which can
improve the ability of mining communities to reduce mercury use
and emissions; providing economic, technical, and educational
information / guidance to miners and mining communities; and
working within supply chains to promote environmentally sound
gold products. In particular, the Partnership focuses on eliminating
three worst practices: whole ore amalgamation, open burning of
amalgam and the use of cyanide after mercury amalgamation.

RS13-O2
INTRODUCTION AND OVERVIEW OF GESAMP
ASSESSMENT ON MERCURY IN THE MARINE
ENVIRONMENT
1

2

3
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(1) Chair GESAMP WG 37, University of Strathclyde, h.e.keenan@
strath.ac.uk (2) ; (3) GESAMP WG 37; (4) DLCS, University of
Strathclyde, Glasgow, UK.
GESAMP (Joint Group of Experts on the Scientific Aspects of
Marine Environmental Protection) continues to play a leading
role in the assessment of global marine pollution. The regular
sessions of GESAMP over more than 30 years have produced a
large number of reports and studies relating to marine pollution
problems, covering a wide range of topics of the greatest relevance
to marine environmental policy. The work of the GESAMP is
accomplished through working groups with participation of a
large number of experts selected by the organizations sponsoring
GESAMP. The co-ordination of GESAMP is provided by a joint
secretariat of the sponsoring organizations. WG 37 was formed
at the request of UNEP with a particular remit for mercury in the
aquatic environment. The remit was to target an assessment of the
main contributions to the global mercury budget with particular
reference to the aquatic environment, possible control options,
transformations, pathways and toxicity and how these parameters
can be measured or evaluated. A compilation of fate and transport
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models and current measuring techniques was also assessed.
Monitoring efforts were evaluated and showed disparity between
the northern and southern hemisphere and it was concluded that
developing countries are severley hindered by lack of environmental
protection regulations and a need for capacity building. A list of all
participants and the main areas covered by the assessment will be
presented in full.

Reference:
Fasham, M. J. R.; Ducklow, H. W.; McKelvie, S. M. (1990). “A
nitrogen-based model of plankton dynamics in the oceanic mixed
layer”. Journal of Marine Research 48: 591-639.

TS14-P10
USE OF MULTIPLE TOOLS TO ASSESS THE FEEDING
PREFERENCE OF COASTAL DOLPHINS

RS13-O7
APPLICATION OF ADVANCED MODELLING APPROACH
IN CONTAMINATED COASTAL AREAS
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of Ljubljana; (3) Jožef Stefan Institute, Ljubljana.
Existing modelling techniques in contaminated coastal areas are
being significantly improved in the framework of the EU FP7
project “Hydronet “. These techniques are used to (1) access and
use the available data on hydrodynamics and oceanographic,
meteorological and environmental parameters obtained with
other models; (2) apply data on environmental parameters and
pollutants measured in high spatial and temporal resolution by
sensor-equipped autonomous floating buoys and robots. The model
PCFLOW3D has been improved in order to (1) forecast water
circulation in the areas under study in adequate spatial and temporal
resolution, (2) simulate transport and fate of pollutants on the basis
of measured and modelled input parameters and (3) perform nearly
real-time short-term simulations.
PCFLOW3D is used for simulations of pollutant transport
and transformations. It was improved by introducing several
additional variables. With these, it is now possible to simulate more
environmental parameters and to account for the impact of several
new variables on mercury transformations. The Fasham’s nitrogenbased model for plankton dynamics (Fasham et al., 1990) will help
determine nutrients and oxygen content in the water column.
PCFLOW3D is currently set in different spatial resolutions for the
two Hg-contaminated areas under study. In the Gulf of Trieste, the
resolution in the horizontal plane is approx. 150x150 m and the
layer thickness is 1 m, while in the Livorno coastal sea the horizontal
resolution is 500x500 m with layers of various thickness (1 – 40 m).
In order to transform results of other models into input data for
PCFLOW3D, several new interfaces had to be developed. Measured
data from buoys and robots is transferred via web-interfaces from
the AmI database to PCFLOW3D and the modelling results are fed
back to the database. GIS models are applied to simulate conditions
in the background areas and to determine river inputs.
Using all the described improvements and the significantly larger
quantity and better quality of input data, we expect to increase the
accuracy of mercury transport and transformations simulated with
the PCFLOW3D model.
Acknowledgement
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The feeding preference of the two costal dolphins Pontoporia
blainvillei and Sotalia guianensis in south-eastern Brazil was
assessed through the prey’s index of relative importance (IRI),
mercury concentrations (Hg) and isotopic signatures, in order to
compare their efficiency in the discrimination of prey contribution
to the predators’ diet. Dolphin stomach contents were analyzed
in order to identify prey species and calculate their original size.
The IRI of each prey represented around 95% of the total IRI were
selected. In general, P. blainvillei feeds on juveniles or small-sized
fish and cephalopod species, up to 10.0 cm length. S. guianensis
has a higher plasticity in relation to prey size, reaching more than
100.0 cm length. IRI was the best tool to describe the dolphins’
preference, while Hg seems to be efficient as a trophic marker when
the diet is specific or made up of prey of varying sizes. Hg in muscle
tissue was threefold higher for S. guianensis than for P. blainvillei.
Hg in predators was significantly higher than in their preys. Among
S. guianensis preys, there was a positive (but non-significant)
correlation between Hg and IRI, whereas for P. blainvillei this
correlation was weaker. There was no significant correlation
between Hg and isotopic signatures, or between the preys’ IRI and
15
isotopic signatures. Both dolphins presented lighter δ N than their
prey species, indicating that trophic position cannot be related to
this isotope. Moreover, no correlation was observed between Hg
15
13
and δ N in muscle tissue. The δ C values characterized a typical
coastal food chain, and, although this isotope is not usually applied
to distinguish trophic levels, it was more consistent with species
15
trophic position than δ N.

TS14-P16
METHYLMERCURY AND INORGANIC MERCURY IN
WATER AND MICROPLANKTON FROM A BRAZILIAN
ESTUARY
1

KEHRIG, Helena A.
(1) IBCCF-UFRJ, kehrig@biof.ufrj.br
Methylmercury (MeHg) and inorganic mercury (Hginorg) were
evaluated in the water of a polluted Brazilian estuary, Guanabara
Bay, with one size classes of plankton, microplankton (≥70 μm).
Chlorophyll a and the total of organic carbon (TOC) were evaluated
in suspended particulate matter (SPM). Samples were collected
at five sampling stations within the lower estuary. Chlorophyll
-1
a and TOC in SPM ranged from 6.6 to 27.7 μg L and 0.9 to 2.3
-1
mg.L , respectively. MeHg concentrations in SPM ranged from
-1
8.3 to 47.2μg.g and were approximately 13% of the total mercury
(Hg). Dissolved MeHg in water was low and ranged from 0.16
-1
to 0.42 ng L . The predominant chemical species of mercury in
estuarine water is inorganic, since only 11.2% of Hg in water was
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presented as MeHg. The highest concentrations of MeHg in water
were found in sampling stations close to the bay mouth, near
the confluence of Atlantic Ocean and estuarine waters. However,
SPM samples from these stations presented the lowest MeHg
concentrations. Water partition coefficients (PCs) in microplankton
were approximately fourfold higher for MeHg than for Hginorg
when averaged across the five sampling stations within estuary.
Only 60.0 % of Hg in microplankton samples was presented as
-1
MeHg. MeHg in microplankton ranged from 9.3 to 23.0 μg.kg
dry wt. The microplankton samples collected at these stations were
composed of cyanobacteria (approximately 2% of the total sampled
microplankton). MeHg found in microplankton and the number
of cyanobacteria presented in it showed a positive and significant
2
correlation (R =0.72; p<0.01). The activity of sulfate-reducing
bacteria, or cyanobacteria, is associated to the methylation process
of Hginorg; i.e. with the formation of methylmercury. MeHg in
microplankton and TOC in SPM showed an inverse and significant
2
correlation (R =0.85; p<0.001). The samples from the point close
a Marina (point 2) presented the lowest MeHg in microplankton
-1
-1
(9.3μg.kg ) and also, the highest concentrations of TOC (2.3mg.L )
in SPM. In point 2, the samples of microplankton were composed of
diatoms (approximately 60%) and did not present any cyanobacteria
in its composition. A significant and positive correlation was
observed between the concentration of chlorophyll a and the
2
number of cyanobacteria presented in plankton (R =0.75; p<0.05).
According to the results found for chlorophyll a, this environment
presents a high primary productivity that is accomplished by the
autotrophic organisms presented in microplankton, as cyanobacteria
and diatoms.

TS14-P9
METHYLMERCURY DISTRIBUTION IN A TROPICAL FOOD
WEB USING STABLE ISOTOPE ANALYSIS
1
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(1) IBCCF-UFRJ, kehrig@biof.ufrj.br
The present study evaluated the methylmercury concentrations
13
15
(MeHg), carbon (δ C) and nitrogen (δ N) stable isotopes in two
top-predators Pontoporia blainvillei (cetacean) and Trichiurus
lepturus (fish), with feeding overlap from the Brazilian coast,
northern Rio de Janeiro State, and their representative prey species,
which are distributed in different habitats along the water column,
five fish species with different feeding habits (Isopisthus parvipinnis,
Cynoscion jamaicensis, Stellifer rastrifer, Chirocentrodon bleekerianus
and Pellona harroweri), two cephalopod species (Loligo sanpaulensis
and Lolliguncula brevis) and one crustacean species (Xiphopenaeus
kroyeri). T. lepturus and P. blainvillei exploit coastal waters to obtain
their food sources, preying upon neritic species, both pelagic and
demersal. The stable isotopes were used as a tool to assess the modes
of MeHg bioaccumulation and biomagnification along the coastal
food web. The muscle tissue of the top-predators, voracious predator
fish and cetacean presented similar MeHg concentrations (mean:
15
1.03 ± 0.90 μg/g dry wt.). T. lepturus muscle displayed higher δ N
than in cetacean (mean: 14.1‰ and 11.8‰, respectively), which
reflected its higher trophic level nutrition. The voracious predator
fish presents preferably piscivorous habits, actively pursuing their
preys feeding on larger prey species than those ingested by P.
13
blainvillei. Higher δ C were found in cetacean than in voracious
predator fish (mean: -15.2‰ and -17.4‰, respectively). The values
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of δ13C are reflecting the coastal habits of both top-predators.
The crustacean species consumed mostly by T. lepturus, displayed
15
the lowest values found for MeHg concentrations and δ N in the
muscle tissue (mean: 0.07 ± 0.03 μg/g dry wt. and 10.3 ± 0.3‰,
13
respectively). However, similar δ C was found between crustacean
(-15.2‰) and cetacean muscle. MeHg and δ15N increased
successively with increasing trophic levels along the food web.
The relationship between these variables can be expressed by the
15
following equation: log [MeHg] = 0.58*(δ N) – 8.13, (r = 0.81; p
< 0.05), indicating that biomagnification may be occurring among
the trophic levels, as well as along the food web. The regression
slope of the equation (0.58) indicated that the studied food web
presented an elevated biomagnification rate that can be related
to the environmental water quality of the studied area. This area
belongs to a faunistic transition zone that is a very dynamic area
with great estuarine and marine biodiversity and presents many
endemic species.

RS15-P4
SELENIUM HAS A PROTECTIVE EFFECT AGAINST
MERCURY TOXICITY IN TROPICAL COASTAL AQUATIC
SPECIES
1

KEHRIG, Helena A.
(1) IBCCF-UFRJ, kehrig@biof.ufrj.br
Selenium (Se) is nutritionally important as an essential traceelement for all life forms that have nervous systems, but is harmful
at slightly higher concentrations. Se reportedly protects mammals
against the toxic effects of mercury (Hg). Hg has no known
normal metabolic function and its presence in living organisms
is potentially hazardous. Hg accumulates in the aquatic food web.
It is the chief exposure route for wildlife and humans. The Se:Hg
molar ratios approaching or exceeding 1:1 is thought to provide
Se-dependent Health Benefits (Se-HB) as protective against Hg
toxicity. Evaluation of the health risk posed by Hg exposure from
seafood consumption requires concurrent consideration of Se
content in the particular species. Se and Hg concentrations, based
on a wet weight basis, were evaluated in 531 individuals’ muscle
tissue of 179 predatory fish (PF), 60 non-predatory fish (NPF), 24
squids (MC), 153 mussels (MB), 70 shrimps (AC1) and 45 crabs
(AC2) from a south-eastern Brazilian coast. These aquatic species
are widely distribution in this region and are also often consumed
by the human population. All species presented Se in muscle below
the maximum allowable selenium concentrations, 2.0 mg/kg,
proposed by Lemly (2007). Only five PF individuals presented Hg in
muscle above the maximum permissible limit of 0.50 mg/kg wet wt.
established for human consumption of aquatic species by WHO. As
Hg exposure from fish consumption has been the focus of this study,
the molar ratio between Se and Hg has been investigated. Se was in
molar excess of Hg in almost all species, indicating that substantial
Se was available to counter the Hg that was also presented in them.
Only 7 individuals presented the Se:Hg of less than 1. Se:Hg might
decline with increasing fish length, possibly reducing Se protection
in larger fish. The relationship between Se:Hg and length was poor
and significant (r=-0.324; p<0.0001). Se-HB value was calculated
as Kaneko and Ralston (2007) to better describe and integrate Sespecific nutritional benefits in relation to potential Hg-exposure
risks presented by these species evaluated. As a result of their rich Se
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and low Hg contents, all aquatic species presented Se-HBV higher
than 1, suggesting that they have Se to potentially protect them
and their consumers against Hg toxicity. Centropomus undecimalis
(common snook) and Paralonchurus brasiliensis (banded croaker)
had the most favorable Se-HBV.

MG7-P17
REDOX GRADIENTS AND THE MULTIPLE ROLES
OF SULPHUR AS A CONTROLLER OF MERCURY
BIOAVAILABILITY
1

KELLY, Mark D
(1) Queen’s University, 8mdk@queensu.ca
Ontario provincial records indicate that fish total mercury (THg)
has significantly declined since the 1970’s, yet THg in precipitation
has remained relatively stable during this period. With three likely
hypotheses; i) changes in food web structure, ii) changes in fish
growth rates or iii) declines in acid sulphur (S) deposition, known
links to bioavailability directed an assessment of acid precipitation
as an influence on fish THg. We examined temporal trends for THg
and S in sediment cores with fish tissues from two lakes that differ in
S-reduction rates (SRR), Kahshe Lake and Mountain Lake, in southcentral Ontario. Hypothesizing that lakes with anoxic hypolimnion
increase SRR, we expect increasing Hg bioavailability. Conversely,
lakes with oxic hypolimnion may reflect trends of mercury
deposition. Between-lake variability of fish THg is compared
to describe changes related to S accumulation in sediments.
Paleolimnological records for Kahshe Lake show distinctive trends
of increasing S from 1952 to 1990 followed by declines to present,
whereas Mountain Lake S remains unchanged over 150 years.
Preliminary results of fish THg in Kahshe Lake appear to support
our hypothesis. Archived fish samples provide fish THg to be paired
with sediment records through an unprecedented 84 years to further
evaluate this relationship.

RG15-O10
TOTAL MERCURY CONCENTRATIONS IN FRESHWATER
FISH AT ADAK ISLAND, ALEUTIAN ARCHIPELAGO,
ALASKA
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(1) University of Alaska Anchorage, leahkenney@gmail.com (2)
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The Aleutian Archipelago, Alaska, is an isolated arc of over 300
volcanic islands stretching 1600 km across the Bering Sea. Although
remote, some Aleutian Islands were heavily impacted by military
activities from World War II until the present and were exposed to
high levels of contaminants used by the military, including mercury.
Atmospheric and oceanic transport of mercury in the Aleutian
Islands is also a concern due to global atmospheric deposition
and prevailing ocean currents. Recent research has documented
high levels of mercury in marine fishes, seabirds, and marine
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mammals throughout the Aleutian Archipelago, but mercury
contamination of freshwater ecosystems is poorly understood. Total
mercury concentrations were measured in threespine stickleback
(Gasterosteus aculeatus) fish collected from eight freshwater lakes
at Adak Island. Mean total mercury concentrations for wholebody homogenates for all lakes ranged from 0.314 to 0.560 mg/
kg dry weight and differed significantly among lakes. Stickleback
collected from seabird associated lakes had significantly higher
concentrations of total mercury compared to non-seabird lakes and
13
15
lakes with formerly used defense sites. The δ C and δ N stable
isotope ratios of stickleback collected from seabird lakes suggest a
marine input of nutrients and contaminants. These findings indicate
that seabirds are transporting marine derived mercury to freshwater
lakes via guano and their tissues, and that the marine environment
is a more important contributor of mercury contamination than the
local military sites.

TG4B-P8
AN ANALYSIS OF TOTAL GASEOUS MERCURY (TGM)
CONCENTRATIONS ACROSS THE UK FROM A RURAL
SAMPLING NETWORK
1

1

1

KENTISBEER, John , CAPE, J. Neil , LEAVER, David
(1) Centre for Ecology & Hydrology, jkbeer@ceh.ac.uk

Between 2005 and 2008, total gaseous mercury was collected at ten
sites which comprise part of the UK rural heavy metals monitoring
network run by the UK’s Centre for Ecology & Hydrology on behalf
of the UK Department for the Environment, Food and Rural
Affairs.
Total gaseous mercury (TGM, comprising elemental, reactive
gaseous and particulate mercury) was captured using the gold
amalgam technique with a custom built sampler. The samples were
then thermally desorbed for analysis using a Tekran 2537A mercury
vapour analyser. The data showed no upward or downward trend for
the period, with 4 year average concentrations for each site between
-3
1.3 and 1.9 ng m , which agree with observations of the northern
hemispherical background concentrations at other monitoring sites
-3
of between 1.5 and 1.7 ng m .
Data from nine of the network sites are used to show seasonality
within the data and, using kriging, concentrations of TGM are
interpolated across the UK, revealing a south-east to north-west
declining concentration gradient. The concentration of TGM
recorded in the south-east of the UK more closely matches that of
background TGM observed in continental Europe, which could
indicate that the TGM concentrations from the north of the UK are
a better reflection of the true north Atlantic atmospheric mercury
background level.
Using wind sector analysis and air-mass back trajectories, we show
how speciated mercury measurements collected at one of the
network sites using a Tekran 2537A instrument are influenced by
regional sources (< 50 km) as well as air masses moving over the UK
from continental Europe on easterly winds.
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MG14-P33
RELATIONSHIP BETWEEN MERCURY ACCUMULATION
AND P53 GENE EXPRESSION IN BREAST CANCER TISSUE
1

2
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2
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Mohammad Amin , ESLAMIFAR, Ali , POURGHASEM, Jalal
(1) Tarbiat Modares University, Theran, Iran, surp78@gmail.com (2)
Imam Khomeini Hospital, Urmia, Iran; (3) Pasteur Institute, Tehran,
Iran.
High levels of heavy metals such as cadmium, copper and mercury
are closely related to tumor growth in cellular systems and cancer.
Breast cancer is the major cause of cancer morbidity and mortality
in women globally.
In Iran, the breast cancer problem seem more serious because it is
significantly increased in last decade (until 10 to 13 %), and also
it affects Iranian women at least one decade younger than other
countries. p53, tumor suppressor gene, plays an important role in
regulating cell cycle and activates growth inhibitory pathways and
apoptosis.
In order to determine the correlation between mercury
accumulation and breast cancer appearance, we investigated
mercury concentration and p53 gene expression in 39 breast cancer
biopsies and compared the findings to the levels found in healthy
biopsies (control).
We found a highly significant accumulation of mercury (0.2-0.9
μg/g and median=0.7μg/g) in the cancer samples when compared to
the control group (p<0.005). Our results also showed that, p53 gene
expression was 1.4-4.8 (median 3.4) fold lower in the breast cancer
samples in compare to control group.
It is discussed that, mechanisms associated with p53-mediated
responses are complex. p53 inhibits trans-activation by binding
DNA elements to block DNA replication and also it directly
modulates gene expression as a nuclear transcription factor that
binds as a homodimer to p53 response elements in regulatory
regions of several genes. Previous studies demonstrated that,
estrogen hormone can up regulates the gene that cause cancer cell
to not die (as p53), and it also reported that, mercury exerts an
estrogenic effect through binding to the estrogen receptor that can
cause human breast cancer cells to proliferate.
We conclude that, there is a direct relation between mercury
concentration among and p53 gene expression in breast cancer
tissue and it assume that mercury can cause beast cancer by working
as estrogen that can reduce p53 gene expression and finally breast
cancer appearance.

TS6-O1
A DECADE LATER: INCREASES IN FISH MERCURY
CONCENTRATIONS IN KEJIMKUJIK NATIONAL PARK,
NOVA SCOTIA
1

KIDD, Karen
(1) Canadian Rivers Institute, kiddk@unbsj.ca
A study in the mid 1990s showed that loons (Gavia immer) in
Kejimkujik National Park, Nova Scotia had the highest mercury
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(Hg) concentrations of any population in North America, due to
the high Hg concentrations in their main prey yellow perch (Perca
flavescens). In 2006 and 2007, we revisited 16 of these acidic lakes
(pH ranges from 4.3 to 6.1) to assess whether there have been any
changes in perch Hg concentrations over the past decade. In both
the 1996/97 and 2006/07 studies, ~ 9 yellow perch from each of 3
size classes (5-10 cm, 10-15 cm, and 15-20 cm) were captured from
the lakes in late summer, measured for length and weight, and scales
were removed for ageing. Total Hg concentrations were measured
in whole body homogenates of the perch, and their trophic position
15
was assessed using nitrogen isotopes (δ N) of perch (both studies)
and food web organisms (2006/07 only). Between 1996/97 and
2006/07, Hg concentrations (wet weight) in the perch increased an
average of 29 % (range of 10 – 58%) in 10 lakes, decreased by 21%
(range of 11 – 36%) in 3 lakes, and did not change in the other three
systems (polynomial regressions, Hg versus length). Some of the
increases within lakes were related to lower condition (6 lakes) or
15
higher δ N (3 lakes; assuming no changes in baseline over time) of
the fish. The percentage increases in fish Hg (mean 2006/mean 1996
2
x 100%) were greatest in lakes with higher pH (r =0.39, p=0.01)
2
or lower total organic carbon (ranges of 2.6 to 15.4 mg/L; r =0.39,
2
p=0.01), aqueous THg (0.8 to 7 ng/L; r =0.40, p=0.01), conductivity
-1 2
(20 – 40 μS•cm ; r =0.79, p=0.02) and aluminum (35 to 234 μg/L;
2
r =0.45, p=0.005). Although water concentrations of total N (TN)
increased and sulfate decreased significantly in most lakes over time,
no physical (e.g. lake or watershed area) characteristics or changes
in water chemistry explained the temporal trends found in perch.
As a result of these as yet unexplained increases, Hg concentrations
in perch now pose a greater risk to loon health than a decade
ago. In recent years in 12 of 16 lakes, mean Hg concentrations in
perch exceeded the 0.21 μg/g ww threshold known to reduce loon
productivity by 50%. Results of this study indicate that Kejimkujik
National Park remains a Hg “hotspot” in North America.

MG14-P15
WHY RESIDENTS IN SEOKSAN SHOW HIGH BLOOD
MERCURY ?
1

2

2

KIM, Dae-Seon , CHUNG, Hee-Ung , KWON, Young Min , YU,
3
Seung Do
(1) National Institute of Environmental Research, kimds4@korea.kr
(2) National Institute of Environmental Research, Korea; (3) National
Institute of Environmental Research, Korea .
According to Korea National Environmental Health
Survey(KNEHS) in 2007, it showed very high blood mercury
level in adults in Gyeongsangdo province, Southeastern part of
Korean peninsula(Seoksan, Kunwee county 29.6μg/L, Shinnyeong,
Yeongcheon city 26.7μg/L), in the meanwhile, the national mean
of blood mercury was 3.8μg/L in geometric mean and 5.54μg/L in
arithmetic mean in same project in 2007. They have a custom to
intake shark meat through ancestral rites in special days such as new
years day, Chuseok day(the harvest festival on the 15th of August by
the lunar calendar) and the ceremonies of private memorial rites.
Cooking types of shark meat are mostly roast and spit roast types.
In these context, dietary intake of shark meat was assumed to be
a main source of mercury exposure. This study was conducted to
monitor mercury exposure and to confirm the exposure factor for
the protection of residents’ health in Seoksan. Seoksan had totally
175 registered residents in 2009 governmental statistics, however,
actual residents were around 120 residents including 13 primary
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students in 2010. The survey was conducted two times in 2010,
before and after Chuseok festival day on September 22. The first
survey was on August 9-11 and the second was September 24-26 for
whole residents at those times. The mean values of blood mercury
from total population were 6.58μg/L in the first and 10.51μg/L in the
second survey. In the group who answered ‘keeping dietary habit
of shark meat’ and showd 6.4μg/L in the first survey, residents who
ate shark meat during Chuseok festival showed 11.2μg/L, in the
meanwhile, residents who didn’t eat shark meat during same period
showed 4.5μg/L in blood mercury concentration. In the group of ‘no
dietary habit of shark meat’ who showd 5.29μg/L in the first survey,
residents who ate shark meat during Chuseok showed 10.0μg/L,
and residents who didn’t eat shark meat during same period
showed 4.0μg/L in blood mercury concentration. The number of
participation chance to ancestral rites showed correlation with
blood mercury concentration (p<0.01). However, total mercury was
1.035mg/kg in Mako shark and 0.901mg/kg in Hammerhead shark,
which were collected in the nearest market from Seoksan in 2010.
On the other hand, 1.4~2.2mg/kg of methyl mercury in shark meat
were reported in other survey in 2010. It is recommended to make a
guideline for dietary intake of shark meat for residents in this area.

0.4% and 6.1% of participants were exceeded the urine mercury
reference by CHBMII(20μg/L) and EPA(5.8μg/L), respectively.
In the questionnaire survey, significant associations were found
between residence period in the study areas and blood mercury,
among mercury levels in blood, urine and hair samples and risk
factors such as fish preference and intake degree. Mercury in
biological samples were increased with frequencies of fish intakes,
especially, with recent intake and yearly intake chances of shark
meat. Father’s education level, number of amalgam treated side,
and participation in the performance of ancestral rites also showed
significant relations with mercury level in biological samples. Total
mercury concentrations were divided into two groups, upper and
lower concentration group, based on the median value. Significant
differences were found between delinquency, family relationships,
hyperactivity and urine mercury. In addition, significant
associations were found between color matching and blood
mercury, and between dyschromatopsia related factors and urine
and blood mercury.

RG15-P8
MERCURY IN THE MASAN BAY

MG14-P14
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EFFECTING FACTORS TO MERCURY LEVEL IN SCHOOL
CHILDREN IN THE SOUTHEASTERN REGION, KOREA
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KIM, Dae-Seon , AHN, Seung Chul , CHUNG, Hee-Ung , KWON,
2
1
Young Min , KIM, Sam-Cwan
(1) National Institute of Environmental Research, kimds4@korea.kr
(2) National Institute of Environmental Research.
Objectives
We conducted this project to get information of mercury exposure
level in school children and to find out related factors which effect
on their mercury levels in the areas of high mercury exposure
to adults from 2007 Korea National Environmental Health
Survey(KNEHS). The final purpose was based on the protection of
children’s health.
Method
Totally, 1,097 students among grade 4 to 6 in 19 elementary schools
in Kunwee county, Yeongcheon-city, Pohang-city, and Unlsanmetropolitan city participated in this study from June to September
2010. Whole blood, urine and hair were collected to measure
total mercury with health check up. Questionnaires, computerized
neurobehavioral test, personality test, dental examination,
chromatoptometry and posturography test were applied. Parents
completed questionnaires including socioeconomic status, living
circumstance, dietary habit for their children. Total mercury
concentrations were measured using the gold-amalgam collection
methods.
Results & Discussion
The mean value of total mercury was 2.70μg/L in blood samples,
2.25μg/g-creat. in urine samples and 1.04μg/g in hair samples.
Blood mercury was slightly higher than the value of 2006 mercury
survey for elementary school children project(p<0.01). On the
otherhand, adults in these areas showed about 9-10 times of higher
blood mercury level than the mean value of 2007 KNEHS. However,
0.3% and 4.5% of participants were exceeded the blood mercury
reference by CHBMII(15μg/L) and EPA(5.8μg/L), respectively.
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(1) Korea Ocean Research & Development Institute (KORDI), ekim@
kordi.re.kr (2) GIST; (3) Hanyang Univ.; (4) Chonnam National Univ.;
(5) KORDI.
There is a lack of studies on complex Hg dynamics and
biogeochemical cycling in aquatic environments of Korea, especially
in estuarine systems. The objective of this study was to examine
distribution, historical trends, and trophic transfer of Hg in the
Masan Bay. The Masan Bay, located in the southeastern coastal
region of Korea, is a semi-enclosed bay with a sluggish water
exchange and one of the most contaminated sites with various
organic pollutants and heavy metals in Korea. Surface sediment
samples were collected on five occasions from March of 2009 to May
of 2010, while biota (invertebrates and fishes) samples were collected
by SCUBA divers in August and September of 2009. Surface water
samples were collected in August of 2009. For historical trends of
Hg in sediments, about 1 m-long sediment cores were collected
in September of 2009. Subsamples of biota and sediment cores
were analyzed for carbon and nitrogen stable isotopes. THg and
MeHg in surface water averaged 0.75±0.21 ng/L and 40.8±25.1
pg/L, respectively. THg and MeHg (% MeHg) in surface sediments
ranged from 10.4 to 145 and from 0.05 to 0.38 (0.04 – 1.46 %) ng/g
dw, respectively. While THg concentration in the Masan Bay was
lower than other estuarine sediments, % MeHg was comparable,
suggesting that MeHg production appeared to be high. For biota,
MeHg concentration increased as trophic position increased. Food
web magnification factors (FWMFs) for both THg (0.107) and
MeHg (0.164) were slightly lower than what others found and this
difference was likely due to the length of trophic levels and Hg
concentrations in biota on a dry weight basis. Historical trends of
THg in sediment cores indicated that Hg inputs increased with
increasing anthropogenic activities. The overall results suggest
that further studies are necessary for better understanding of Hg
dynamics and trophic transfer in the Masan Bay.
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MG6-O8
ENVIRONMENTAL POLLUTION AND EXPOSURE OF
MERCURY IN THE RIVER BASIN NEAR ZINC SMELTER
AND ABANDONED MINES
1
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KIM, Geun Bae , LEE, Min Do , SOON-WON, Jung , YU, Seung
3
Do
(1) National Institute of Environmental Reaseach, mykgb@korea.
kr (2) National Institute of Environmental Research; (3) National
Institute of Environmental Research.
The influence of zinc smelter and abandened metal mines known
as major Hg emission sources on the environmental pollution and
human exposure was investigated in some regions. Smelter in this
survey was estimated to emit about 2.7 and 2kg/year of Hg into the
air(emission factor 9.99mg/ton) and river respectively. There are 50
abandened metal mines in mountains near the river. Atmospheric
Hg of two spots (near smelter, 50km away), mercury in soil and
fish, crops, drinking water were measured. Questionnaire was
implemented to examine the association of environment and human
exposure of mercury. The survey was mainly done in the down
stream region closed to river (1km). The results were compared
with those of region far from the river (over 3Km). Atmospheric
3
total gaseous and particulate mercury were 5.64 and 2.19ng/m ,
3
83.3 and 85pg/m . Mercury in soil and drinking water of areas near
river (survey areas) were 0.011mg/kg and 1.76ng/L. Those of areas
far from the river (contrasted areas) were 0.008 and 2.04. Fish Hg
concentration( μg/g-dry weight, 3 species) near smelter was 0.137
that are lower than those of down stream (0.231). Rice didn’t show
concentration difference. Blood and urine mercury of residents in
survey area were 3.13 μg/L and 1.91 μg/g-creatinine which were
higher than those of contrasted area (3.12, 1.49). The proximity
of residential area to river, self-cultivation of rice and residential
periods, types of drinking water didn’t have any relation to the
mercury exposure. But urine mercury of the people living near
smelter was 4.59 μg/g-creatinine which was 2 times higher than
that of people living in the regions 50Km far from the smelter. The
men who eat frequently the fish catched from river showed higher
blood mercury level(4.92 μg/L) than that of the men didn’t(3.97
μg/L). In conclusion the mercury from smelter and abandened
mines have influenced on human exposure via atmospheric and fish
contamination.

RG8-P5
BIOCONCENTRATION OF METHYLMERCURY IN MARINE
PHYTOPLANKTON: EVIDENCES OF PASSIVE DIFFUSION
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(1) Gwangju Institute of Science and Technology, hyunji@gist.ac.kr
(2) Korea Ocean Research & Development Institute; (3) Chonnam
National University.
Methylmercury (MeHg) is a highly toxic form of mercury that
readily accumulates in aquatic food webs. Human uptake of MeHg
occurs primarily through dietary consumption of marine fish
which obtain MeHg mainly from lower trophic organisms through
bioaccumulation and biomagnification processes. The characteristics
of MeHg bioconcentration in marine phytoplankton are largely
unknown and it is unclear whether MeHg uptake by phytoplankton
occurs through a passive or active transport in natural seawater.
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We observed, therefore, MeHg uptake in six marine phytoplankton
cultured in unenriched seawater to understand the MeHg
bioconcentration characteristics in natural conditions. We
determined the volume concentration factors (VCFs) of MeHg for
four species of diatom, one blue-green algae species and one green
algae species, and the surface area to volume (S/V) ratio of each
4
6
cell. The VCFs of MeHg, which ranged from 6.2 x 10 to 1.8 x 10 ,
increased as the S/V ratio increased. This result suggests that the
S/V ratio is one of important factors for MeHg partitioning between
water and cells. Relatively low VCFs were obtained from blue-green
algae and green algae, compared to their large S/V ratios, suggesting
that physiological features may affect the MeHg partitioning
between water and cells. A linear relationship was evident between
the MeHg uptake rate and the MeHg concentrations in seawater,
when the MeHg uptake rates were observed over a range of MeHg
-1
concentrations (from 20 to 2,500 pmol L ). Measurement of the
MeHg uptake rate under various Cl concentrations (pCl = 0.33 –
3.33) revealed that the MeHg uptake rate increased with decreasing
pCl, which suggests that the MeHg diffusion rate increases with
an increasing percentage of CH3HgCl. In conclusion, these results
support that passive diffusion is the main MeHg uptake mechanism
of marine phytoplankton.

TG3-O4
SPECIATION AND MASS BALANCE OF MERCURY IN
NON-FERROUS METALS MANUFACTURING FACILITIES
1
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KIM, Jeong-Hun , PUDASAINEE, Deepak , JUNG, Seung-Jae1,
1
SEO, Yong-Chil
(1) Yonsei University, S. Korea, dlwlscap@hanmail.net
Stationary combustion sources are the major sources of mercury
emission into the atmosphere. Mercury in combustion flue gas is
speciated into three forms: elemental, oxidized, and particle-bound,
the behavior of which differs with control devices and process
configuration. In this study mercury speciation and emission
concentration were measured and the mass balance in non-ferrous
metals (zinc and lead) manufacturing facilities were carried out.
With measured mercury concentration and flow rates at each
ingoing and outgoing streams, mercury mass distributions were
estimated. With several tests at the identical condition, the average
mercury input, output rate and the mass distribution within the
system were estimated. The tested facility was the combined zinc
and lead manufacturing. Averaged mercury emission concentration
-3
at stack of zinc and lead manufacturing facilities were 0.9 μg Sm
-3
and 3.5 μg Sm , respectively. In zinc manufacturing facility mercury
was mainly speciated into elemental (59.6%), oxidized (16.0%), and
particulate (24.4%) form. In lead manufacturing facility mercury
speciations in elemental, oxidized and particulate form were 45.9%,
42.8%, 11.3% respectively. In an average, mercury recovery rate
in the facility ranged 67 to 102%. The distributions of mercury
in different streams were as: waste water sludge (53.1 to 62.4%),
mercury recovery (7.1 to 29.7%), waste water (7.1 to 9.4%), zinc
product (0.03%), cadmium product (0.01 %), released into the
atmosphere (0.01%). Since major portion of mercury entered into
the facility was distributed into waste water and sludge, proper
attention is required for their treatment and disposal. Further, more
comprehensive data are required to have more reliable distribution
data and controlling mercury release into different media.
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to be very important with respect to deposition processes including
dry and wet deposition. However a reliable sampler for measuring
Hg dry deposition flux has not been developed yet.

MG4A-P14
ANALYSIS OF TEMPORAL VARIATION AND SOURCERECEPTOR RELATIONSHIP OF AMBIENT MERCURY IN
THE OHIO RIVER VALLEY REGION
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Gaseous elemental mercury (GEM) has been found to be
predominant species of total airborne atmospheric mercury and its
life time believed to be between 6 and 24 months (Weiss-Penzias et
al., 2003) before it oxidizes, which means that it can be transported
globally (Jaffe et al., 2005). Natural emissions and reemissions of
mercury were found to be mainly GEM (Mason and Sheu, 2002).
60-70% of anthropogenic mercury emissions are GEM (Carpi, 1997;
Streets et al., 2005; Swartzendruber, 2006) and about 56% of the
global anthropogenic emissions are from Aisa (Pacyna and Pacyna,
2002; Pacyna et al., 2003). The Ohio University comprehensive
monitoring site is located in Athens, Ohio, a rural area that receives
both global anthropogenic mercury emissions from long-range
transport and regional emissions in the vicinity of Ohio River
valley region. Ohio River valley (ORV) region is characterized by
a high number of coal-fired power plants, mining activities and
industrial plants. The objective of this research is to characterize
temporal variation of mercury concentrations (atmospheric and
wet deposition); evaluate source-receptor relationship of the
mercury species; and identify source locations. Hourly-averaged
concentrations of ambient mercury species including elemental
0
mercury (Hg ), reactive gaseous mercury (RGM), and particulate
mercury (Hgp) were obtained using Tekran mercury speciation
units every other hour. Temporal variation and meteorological
analyses suggested that strong seasonality was observed in the
temporal trends of ambient mercury species and mixing boundary
layer dynamics determined the diurnal trends of mercury. Principal
component analysis (PCA), positive matrix factorization (PMF),
potential source contribution function (PSCF), and conditional
probability function (PCF) were employed to investigate sourcereceptor relationship and source locations of mercury. PMF result
shows that approximately 20% of GEM observed at the monitoring
site was attributable to sources associated with coal combustions in
the Ohio River Valley region. These results identified in this study
provide insights into atmospheric mercury transport from global
and regional sources.

TG4B-P12
ESTIMATION OF DRY DEPOSITION FLUX OF
PARTICULATE MERCURY(HG(P)) USING MULTI-STAGE
IMPACTOR
1

1

KIM, pyungrae , HAN, young-ji
(1) Kangwon National University, pyung8847@hanmail.net
Mercury (Hg) is a toxic pollutant of concern throughout the
northern hemisphere. Atmospheric Hg is often emitted as inorganic
forms; however once inorganic Hg is deposited into aquatic
ecosystems it can be transformed into MeHg, the most toxic
form. Therefore the quantification of Hg atmospheric deposition
is critically needed in order to evaluate the Hg transformation
and transport mechanisms, and further to reduce MeHg levels in
environment. Among atmospheric inorganic Hg species gaseous
divalent form (Hg(II)) and particulate form (Hg(p)) are considered
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Although particle size is one of the main factors influencing dry and
wet deposition for aerosol, size distribution of Hg(p) has been rarely
studied. In this research size-segregated Hg(p) were extensively
measured using two different multistage impactors including
MOUDI and CASCADE in urban (Seoul) and rural (Chuncheon)
areas of Korea. Between November 2009 and August 2010 the
average concentrations of Hg(p) in 0.18 ~ 18 μm were 6.77±6.52
3
3
pg/m and 4.57±2.72 pg/m at urban and rural sites, respectively.
Distribution pattern of Hg(p) was mono-modal, peaking in the
range of 0.32 ~ 0.56 μm at both sites. The contribution of fine
mode (<1.8 μm) exceeded 80% of total Hg(p) mass at both sites.
However the contribution of coarse Hg(p) must be significant to
Hg deposition flux even though the coarse portion (3.2~18 μm)
occupied only 12% of total Hg(p) concentration. Based on the
concentrations of size fractionated Hg(p), dry deposition fluxes
of mercury were estimated using Sehmel-Hogson model, and the
average fluxes were 0.281 in Seoul in winter, 0.215 in Chuncheon
2
in winter, 0.124 in Seoul in summer, and 0.113 ng/m /day in
Chuncheon in summer. The poster will present the estimated dry
deposition flux of Hg(p) based on measured size-distribution of
Hg(p) as well as size-segregated concentrations of Hg(p) in urban
and rural area.

RS4-P8
THE TRANSFER OF TERRESTRIAL MERCURY TO
FRESHWATER AQUATIC ECOSYSTEMS OF THE
CANADIAN HIGH ARCTIC
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Alberta; (3) Queen’s University; (4) Resolute Bay.
We are examining the impact of climate change on the release of
terrestrial mercury (Hg) to two adjacent Canadian Arctic lakes
(West and East) on Melville Island, Nunavut, which are undergoing
climate-related changes at different rates. The West catchment,
for example, experienced numerous active layer detachments
during the summers of 2007 and 2008 due to record 2007 summer
temperatures and rainfall while the East catchment experienced
only minor disturbances. To assess the impacts of climate-induced
changes on the release of Hg from the lake catchments and on the
subsequent bioaccumulation of this Hg through aquatic foodwebs,
water from the lake and its inflows, arctic char (Salvelinus alpinus),
and invertebrates were collected for analysis of total Hg (THg) and
MeHg between 2007-2010. Sediment cores were also obtained from
10 locations in each lake to quantify changes to sedimentation and
THg deposition rates over time. Preliminary calculation of total Hg
exports to the lakes from their major inflows indicate that 20082010 West River exports are on average ~20% higher than those
from East River (76±12 and 63±5 g/year, respectively). Exports of
methyl Hg (MeHg), were low and similar among the two rivers in
all three years (0.4±0.2 and 0.4±0.2 g/year for West and East rivers,
respectively). Detailed lake Hg profiles were obtained in 2010 and
demonstrated that unfiltered THg concentrations in West Lake
are almost double those in East Lake (1.3±0.6 and 0.8±0.4 ng/g,
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respectively), while filtered THg concentrations are similar (0.5±0.5
and 0.4±0.2 ng/g, respectively), indicative of greater terrestrial
Hg inputs from climate-induced erosion of the West catchment.
Interestingly, Hg concentrations in West Lake Arctic char were
significantly higher than those in East Lake (0.15 and 0.10 ug/g,
respectively, p=0.03). We currently hypothesize that differences in
char growth rates and/or feeding patterns are resulting in char Hg
concentrations differences among the two lakes as char in West
Lake were larger (N=26; 447±147 g versus N=17; 327±80 g), had
13
less depleted δ C (-25.0±1.6 versus -27.2±0.53‰, p<0.001) and
15
lower δ N (9.99±0.79 versus 10.98±0.35‰, p<0.001). In fact, after
15
adjusting char Hg concentrations for δ N, the Hg concentration
difference among char of the two lakes became more significant
(adjusted means = 0.174 and 0.081 ug/g, for West and East
respectively, p<0.001). Analysis of food web samples and lake MeHg
samples should provide further insights and will be presented along
with results from sediment core analyses.

ng/L) indicating that most of the Hg emitted from the smelter is
particulate-bound and rapidly deposits to the lake sediments. In
contrast, in Alberta lakes, Hg fluxes showed no trend with distance
from the power plants and FRs were only 2-6. Lake water THg
concentrations also did not vary with proximity to the power plants
and averaged only 0.46±0.34 ng/L. These results suggest that the coal
fired power plants are emitting fine particulate-bound or gaseous
Hg(0) species which travel long distances after emission. Catchment
soils are currently being analyzed for THg and lithogenic elements
so that catchment and atmospheric Hg inputs to each lake can be
distinguished. Results from the Kejimkujik and ELA lakes will also
be presented.
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FUNCTIONAL IDENTIFICATION OF MICROORGANISMS
THAT TRANSFORM MERCURY IN MARINE AND ARCTIC
LAKE SEDIMENTS
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TRENDS IN MERCURY DEPOSITION DOWNWIND OF
MAJOR CANADIAN POINT SOURCES
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Increased rates of atmospheric inorganic mercury (Hg(II))
deposition have been shown to increase methylmercury (MeHg)
concentrations in fish; however the relative importance of regional
versus local Hg sources are generally not known. In Canada,
estimates from the global/regional atmospheric heavy metals model
(GRAHM) indicate that while in most regions only ~2% of Hg
deposition originates within Canada, there are “hotspots” where
~60% of deposition originates from local point sources. As part of
the Clean Air Regulatory Agenda (CARA) Hg science program,
we are quantifying Hg deposition to aquatic ecosystems from local
sources using analysis of dated sediment cores from lakes located
downwind of major point sources. In 2009-2010, sediment cores,
water samples, and catchment soils were collected from: 18 lakes
located varying distances from a metal smelter located at Flin Flon,
Manitoba and coal-fired power plants in central Alberta; 5 lakes in
Kejimkujik National Park, Nova Scotia where Hg concentrations
in biota are known to be high despite the absence of local point
sources; and 5 lakes at the Experimental Lakes Area (ELA) in
Northwestern Ontario, where Hg deposition rates should represent
regional background. In Flin Flon lakes, total Hg (THg) fluxes
(HgF) began increasing in the ~1930s, when metal smelting began
in this region and peaked in the late 1980s-early 2000s, reaching up
to 6529 μg/m2/year in lakes near the smelter. However, THg fluxes
(HgF) dramatically decreased with distance from the smelter and
flux ratios (FR; HgFpost 1990/HgFpre 1900) were 27-47 in lakes within
5 km of the smelter, 10-17 within 40 km, and only 3-5 70 km away.
Lake water THg concentrations also decreased with increasing
2
distance from the smelter (r =0.51, p=0.03), but were low (1.08±0.40
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1

1

Monomethylmercury (MMHg) is the toxic form of mercury that
bioaccumulates and biomagnifies in aquatic food webs. The current
paradigm is that bacteria in sediments, namely sulfate reducers,
produce a significant portion of MMHg in aquatic systems.
However, recent laboratory studies have suggested that iron–
reducing bacteria also may be important. We are investigating the
functional identity of microorganisms that produce and demethylate
MMHg in aquatic sediments of two biogeochemically disparate
systems—the remote continental shelf of the northwest Atlantic
Ocean and oligotrophic arctic lakes on the North Slope of Alaska.
Surface sediments were slurried with overlying water and amended
with different metabolic inhibitors and substrates as well as enriched
200
+
199
stable isotopes of Hg ( Hg2+ and CH3 Hg ). Preliminary results
indicate that iron-reducing bacteria may be important methylators
of Hg under certain biogeochemical conditions. This suggests that
the potential to methylate Hg in the environment may be more
pervasive among bacterial functional groups than understood
previously.

WS7-O1
MODELING MERCURY EXPOSURE AT DIFFERENT SCALES
IN THE MCTIER CREEK WATERSHED AND EDISTO RIVER
BASIN, SC, USA
1

1

2

KNIGHTES, Christopher , GOLDEN, Heather E. , BRADLEY, Paul ,
1
2
1
DAVIS, Gary , JOURNEY, Celeste , CONRADS, Paul
(1) USEPA, Knightes.chris@epa.gov (2) USGS.
Mercury is the toxicant responsible for the largest number of fish
advisories across the United States, with 1.25 million miles of
rivers under advisory. The processes governing fate, transport,
and transformation of mercury in lotic ecosystems are not wellunderstood, in large part because these systems are intimately linked

162

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
with their surrounding watersheds. To understand the mercury
exposure concentrations within streams and rivers, mercury fate
and transport within the watershed must be understood and linked
to the in-stream fate and transport processes. However, current
advancements in the science of watershed Hg processing typically
develop at distinct spatial scales and lack an understanding of
linkages between Hg fate and transport processes among a variety
of system sizes. This presentation serves to model the fate and
transport of mercury at three different scales: a focused reach
2
2
study (0.11 km ), a watershed scale (79 km ) and a basin scale
2
(7,071 km ). These three systems were represented by linking a
watershed hydrology and biogeochemical cycling (Hg, N and C)
model (VELMA, Visualizing Ecosystems for Land Management
Assessment) with a surface water mercury fate and transport model
(WASP 7, Water Quality analysis Simulation Program). Both the
watershed and water body models simulate three mercury species
(Hg(0), Hg(II), and MeHg) and hydrology. The focused reach
study used VELMA to parameterize and understand the processes
governing Hg fate and transport, tracking mercury deposition and
precipitation on the land surface, Hg transformation reactions and
loss processes, and subsequent transport to the receiving stream.
The process understanding and parameterization of the focus
study were then applied at the watershed-scale to understand and
represent mercury fate and transport by modeling individual subwatersheds and linking them using WASP 7. This work was then
further expanded to simulate mercury fate and transport at the
basin scale, where state and national management strategies, such as
TMDLs and emissions regulations, are applied.

MG14-P4
THE EFFECTIVENESS OF BIOMONITORING AS AN
INTERVENTION AGAINST METHYLMERCURY EXPOSURE
1

KNOBELOCH, Lynda
(1) Wisconsin Dept of Health Services, lknobeloch@gmail.com
During 2004, the Wisconsin Department of Health Services assessed
fish consumption and methylmercury exposure among 2,031 men
and women. Adults who responded to a statewide recruitment
were sent a hair collection kit and questionnaire that requested
basic demographic and dietary information. Personalized result
letters were sent to all participants. For those whose hair mercury
levels were greater than 1 μg/g these letters stated that their result
exceeded the safe guideline for mercury exposure and advised them
to reduce their intake of large, predatory fish. All other participants
were informed that mercury exposure was not an issue for them and
encouraged to continue to eat fish as part of a healthy, balanced diet.
In 2008, approximately 4 years after the baseline study was
completed, follow-up questionnaires and hair sampling kits were
mailed to each of the study participants. These materials were
returned by 1,139 individuals representing a response rate of 61%
among those who received the study packet. Compared to nonresponders, follow-up study participants had higher baseline hair
mercury levels, were more likely to be men and ate more fish.
While baseline and follow-up fish intake estimates were essentially
unchanged at 7.9 to 7.7 servings per month, almost 30% of the
cohort reported eating different types of fish or smaller fish in 2008.
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The number of people who had a hair mercury level >1 μg/g fell
from 300 to 206 and the maximum hair mercury level fell from
15.2 to 6.0 μg/g. These findings suggest that biomonitoring coupled
with personalized dietary advice had a long-term effect on behavior
and significantly reduced the risk of methylmercury-related health
problems among study volunteers.

TS16-O9
MERCURY IMPACT ON THE HEALTH OF MINERS IN THE
IDRIJA MERCURY MINE AFTER THE SECOND WORLD
WAR
1

KOBAL, Alfred B.
(1) Jožef Stefan Institute, Slovenia, abkobal@volja.net
Mercury was discovered in Idrija around the year 1490, and the
mercury mine operated for 500 years. Ore appears in two forms,
70% as cinnabar and 30% as native-elemental mercury (Hg(0)).
In the 16th century, Paracelsus and Mattioli first described
mercurialism among miners of the Idrija Mine and in 1754 J.A.
Scopoli was the first company physician appointed. He described in
detail the symptoms and signs of mercurialism, and recommended
adequate preventive measures. In the years immediately following
the Second World War, Hg intoxication in miners reached up to
as many as 145 cases per year. After 1964, a continuous decrease
in the incidence of mercury intoxication was observed despite
the fact that native mercury was still being mined. The clinical
picture of intoxication was dominated by tremor, oropharyngeal
syndrome, erethismus mercurialis, and occasionally proteinuria,
urine Hg excretion varied from 300 to 1000 mg/24h urine. Postmortem studies have shown that Hg in ex-miners accumulated
predominantly in the endocrine glands (pituitary, thyroid), kidneys,
and brain tissue (dentate nucleus). Selenium co-accumulation
(Hg/Se molar ratio 1:1) was notable only in samples with mercury
concentrations over 2 mg/g. The results of research conducted in
collaboration with the Jožef Stefan Institute have enabled us to
define the ratio of air-blood mercury concentration (1 g/m3:0.54
mg/L), blood-urine mercury concentration (1 mg/L:2,7 mg/L),
and air-urine mercury concentration (1 mg/L:1.0 mg/L), which
served as a basis for the application of biological action levels in
miners intermittently exposed to Hg(0). The results of our studies
support the assumption that long-term occupational exposure to
Hg(0): (i) enhances the formation of free radicals and increases
lipid peroxidation, (ii) in co-exposure to silica dust, could increase
the known nephrotoxic effect, and (iii) in interaction with alcohol,
enhances depression and negative self-concept in ex-miners.
Biological monitoring helped to prevent mercury intoxication, but
not the increased absorption of Hg(0), which appeared in about
40 % of exposed miners. Long-term increased Hg(0) absorption,
co-exposure to silica dust and radon, and miners’ lifestyle-related
factors could be responsible for the mortality causes observed in
miners of the Idrija Mercury Mine: increased risk of mortality from
lung cancer, nephritis-nephrosis, ischaemic heart diseases, and
suicide.
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TS16-P24
BIOGEOCHEMISTRY OF MERCURY IN CONTAMINATED
SEDIMENTS OF EAST FORK POPLAR CREEK
KOCMAN, David1, BROOKS, Scott1, MILLER, Carrie1,
BOGLE, Mary Anna1, YIN, Xiangping1,
1

LIANG, Liyuan
(1) Oak Ridge National Laboratory, kocmand@ornl.gov
Mercury use at the Oak Ridge Y-12 National Security Complex (Y12 NSC) between 1950- 1963 resulted in contamination of the East
Fork Poplar Creek (EFPC) ecosystems. Hg continues to be released
into EFPC creek from point sources and diffuse contaminated
soil and groundwater sources within the Y-12 NSC and outside
the facility boundary. In general, methylmercury (MeHg)
concentrations in water and in fish have not declined in response
to improvements in water quality and exhibit trends of increasing
concentration in some cases. Therefore, our study focuses on
identifying ecosystem compartments and/or characteristics that
favor the production, as well as degradation, of MeHg in the
EFPC. Detailed geochemical characterization of the surface water,
interstitial pore water, and creek sediments were performed during
quarterly sampling campaigns in 2010 and 2011 at two locations
in the EFPC. The two sites in EFPC were located 3.7 km (NOAA)
and 20 km (NH) downstream of the headwaters. Vertical profiles
of interstitial water collected from fine-grained deposits at the
creek margin showed decreases in nitrate, sulfate, and oxidationreduction potential (ORP) with depth as well as increases in
dissolved manganese, iron, and small increases in sulfide. The results
indicate the progression of terminal electron accepting processes
with depth in the upper 30 cm of these fine grained sediments.
Interstitial MeHg concentration also increased with depth in
August 2010 suggesting these areas served as a source of MeHg. In
contrast, interstitial water collected from the center channel of the
creek did not exhibit these redox gradients. The observed constant
or decreasing MeHg concentrations with depth suggest that the
interstitial water in the fast flowing sections of the creek is rapidly
exchanging with the surface water and these sections do not serve as
MeHg sources. Total Hg concentration in sediment cores from the
creek margin was variable, 0.057-24 mg/kg and 0.02-155 mg/kg, at
NH and NOAA respectively. MeHg measured on a subset of these
sectioned cores ranged from 1.6-3.1 μg/kg at NH and 0.08-9.5 μg/kg
at NOAA. Large intra- and inter-site variability of Hg distribution
in these samples is partly attributed to the very heterogeneous
sediment texture that ranged from coarse- to fine-grained.
Methylation and demethylation potentials are also being examined
using intact sediment cores and enriched stable isotopes to quantify
zones of net MeHg production.

RS13-O3
GLOBAL MERCURY RELEASES TO AQUATIC
ENVIRONMENT FROM CONTAMINATED SITES
1

1

KOCMAN, David , HORVAT, Milena
(1) Jožef Stefan Institute, Slovenia, david.kocman@ijs.si
In the last decade, considerable progress has been made in better
understanding of sources, transport routes and behaviour of
mercury in global environment. A lot of effort including modelling
was made to assess global mercury releases from variety of sources
and policy makers have also taken the advantage of improved
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information on emissions to assess the effectiveness of measures
aimed to reduce the impact of this highly toxic contaminant on
human health and ecosystems. However, in these assessments,
primarily anthropogenic mercury releases to the atmosphere are
covered, while releases to the hydrosphere are usually not taken into
account or neglected, especially those associated with contaminated
sites. Therefore, here we attempt to estimate for the first time the
contribution of mercury releases from mercury contaminated sites
to global mercury hydrologic budget. In the assessment, two types
of hydrologic releases were considered: (a) riverine flow as a result
of erosion of mercury wastes, contaminated soils and sediments,
and (b) remobilization and dispersion of mercury from coastal
areas previously contaminated by mercury either by river inflows
or point sources located in the coastal sites. Globally, we identified
over 4000 contaminated sites associated with mercury mining,
precious metal processing, non-ferrous metal production and
various polluted industrial (e.g. chlor-alkali industry) and urban
sites. Hg releases to aquatic environments from these sites were then
estimated based on the data available for selected case studies, their
number, extent of contamination and geographic location (e.g. in
the arid climate fluxes are less significant compared to those in more
humid climate with the relief more prone to erosion). Summing
up the contributions from all contaminates sites categories, at least
150 tons of Hg are released annually to the estuaries, with precious
metal processing and Hg mining being the most important. Of
-1
that, ~15 tonnes Hg yr reaches the open ocean. Apart from
this, amount of Hg accumulated in coastal environments, based
on the published data of historic and present Hg releases to the
estuaries, is estimated at a few thousand tonnes (5-10). Overall, our
current understanding of mercury releases to hydrosphere from
contaminated sites indicates that these releases can be of paramount
importance. Compared to atmospheric emissions, within the
individual contaminated site category, mercury releases to aquatic
environments from contaminated sites can be similar or even up to
an order of magnitude higher.

RG1-P14
SIMPLE AND SENSITIVE METHOD FOR DETERMINATION
OF METHYLMERCURY IN ENVIRONMENTAL SAMPLES
BY HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY
WITH CHEMILUMINESCENCE DETECTION
I

1

2

1

KODAMATAN , Hitoshi , MATSUYAMA, Akito , KONO, Yuriko ,
I
1
3
1
KANZAK , Ryo , SAITO, Keiitsu , TOMIYASU, Takashi
(1) Kagoshima University, kodama@sci.kagoshima-u.ac.jp (2)
National Institute for Minamata Disease; (3) Kobe University.
This study developed a simple and sensitive high-performance
liquid chromatography (HPLC) method for determination of
methylmercury, which is based on formation of complexes of
mercury species, mercury ions, methylmercury, ethylmercury, and
phenylmercury through the use of the emetine dithiocarbamate
(emetine-CS2) ligand; it involves HPLC separation and a
chemiluminescence reaction of tris(2,2’-bipyridine)ruthenium(III)
with emetine-CS2 ligand. The calibration graphs of these four
complexes were linear in the range 0.05–5.0 μg/L at an injection
volume of 200 μL.
The developed HPLC method was validated by comparing its results
with certified reference materials of methylmercury, CRM7402-a
(cod fish, NMIJ), CE464 (tuna fish, ERM), CRM No.13 (human hair,
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NIES), and CC580 (estuarine sediment, ERM). Sample solutions for
injection into the HPLC system were prepared as follows. Mercury
species were eluted with 5-M HCl solution from these reference
materials and then extracted with dichloromethane as emetineCS2 complexes after neutralized and adjusted to approximately
pH 5. A portion of the dichloromethane phase was evaporated to
dryness and the residue was dissolved in a 20-mM borate buffer (pH
9.1)-acetonitrile (50:50, v/v) solution. The results agreed well with
the certified values, except for the case of CC580. As CC580 contains
a high concentration of mercury ions, the peak of methylmercury
overlapped with the large peak of mercury ions. Therefore, a
selective extraction method for methylmercury in soil and sediment
samples was also developed. Methylmercury was extracted with
toluene as methylmercury chloride from 5-M HCl solution and then
back-extracted with 2-mM EDTA solution. Complexation reactions
of the mercury species and emetine-CS2 ligand occurred upon
addition of emetine-CS2 solution to a portion of the EDTA solution.
This method facilitated detection of methylmercury from the
solution having mercury ions in high concentration (<100 mg/L),
via the proposed HPLC method. However, the matrix compounds
in soil and sediment prevented extraction and/or back-extraction
of methylmercury in real-sample analysis. Therefore, various
masking reagents for matrix compounds were considered. Then,
2+
2
a 5-M HCl solution containing 0.1-M Cu and 1-mM Pd + was
used as the extraction solution from soil and sediment samples. The
result obtained using the developed extraction method was in good
agreement with the certified value of CC580.

TG4B-P16
WET DEPOSITION FLUXES OF TOTAL MERCURY AND
METHYL MERCURY AROUND MINAMATA BAY, JAPAN
1

1

KOHJI, Marumoto , AKITO, Matsuyama
(1) NIMD, marumoto@nimd.go.jp

To understand wet deposition processes and the loading of
Minamata Bay with atmospheric mercury, the total mercury
concentration (dissolved mercury + particulate mercury) in the
wet depositions which were collected by a weekly sampling at the
site of Minamata bay area were observed during the period from
September, 2008 to August, 2010. The concentrations of reactive
mercury and methyl mercury in the dissolved phase were also
measured. In the latter half of the period, we tried to collect the
samples in each rain event as much as possible. In addition, other
2
chemical components such as nine major ions (Cl-, NO3-, SO4 -,
2+
+
+
2+
+
+
Ca , H , K , Mg ,Na , NH4 ), acetate ions and dissolved organic
carbons (DOCs) were measured. The volume weighted average
concentration of total mercury and dissolved methyl mercury in
-1
-1
all sampling periods were 5.9 ng L and 0.065 ng L , respectively.
Almost 90% of total mercury was in the dissolved phase. Then,
dissolved reactive mercury was the dominant mercury species in the
wet depositions. The concentrations of total mercury and dissolved
reactive mercury were almost constant and had no seasonal
variations. Therefore, their wet deposition fluxes were higher in the
rainy season and had a strong positive correlation with precipitation
volume. These findings were probably because Hg wet deposition
is dominated by the precipitation scavenging of atmospheric
gaseous Hg (reactive gaseous mercury, RGM). In our preliminary
measurement of RGM in the atmosphere at the same site, RGM
concentrations were significantly and positively correlated with
oxidants (primarily ozone). On the other hand, the concentrations
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and wet deposition fluxes of methyl mercury were higher in winter
and spring than in summer. In event samples (N=33), the wet
deposition fluxes of methyl mercury were significantly correlated
+
2
with those of nss-K , acetate ion, DOC, NO3-, nss-SO4 - (r= 0.45 –
+
0.61, P<0.01) and NH4 (r=0.40, P<0.05). Nss- means the non-sea
salt fraction of each chemical component calculated on the basis
+
of Na concentrations in rainwater and their concentration ratios
in seawater. Total mercury and dissolved reactive mercury had
no correlations with these components. It is known that natural
biogenic sources or photochemical reactions are possible main
2sources of these components except for nss-SO4 . Thus, wet
deposition fluxes and concentrations of methyl mercury can also
be changed by the influences of biogenic sources or chemical and
biological reactions related to the light in the air.

WS8-O5
INFLUENCE OF BLOWDOWN, FIRE AND SALVAGE
LOGGING ON FOREST FLOOR AND SOIL MERCURY
POOLS
1

2

1

KOLKA, Randy , MITCHELL, Carl , FRAVER, Shawn
(1) USDA Forest Service Northern Research Station, rkolka@fs.fed.us
(2) University of Toronto Scarborough.
Studies have shown that watershed soil Hg concentrations influence
fish mercury concentrations. Watersheds with O and A-horizon
soils that have higher mercury concentrations tend to have fish
with higher mercury concentrations. A number of factors influence
the amount of Hg in soils including deposition and management
factors. Logging has been shown to influence mercury in soils,
runoff and the aquatic food chain. Recent studies indicate that
emissions from fire can influence both short-term soil storage and
long-term accumulation. Fire has also been implicated in increasing
fish Hg concentrations. Although rarely tested, blowdown has the
potential to accumulate soil mercury, especially in the forest floor.
In this study we took advantage of a combination of blowdown,
fire and salvage logging treatments in the sub-boreal region of
northern Minnesota. In 1999 severe winds damaged 200,000ha of
the Superior National Forest. Over the next several years the US
Forest Service contracted salvage logging in the windthrown area
to reduce fire risk. In May 2007 a fire burned 15,000ha through
this same landscape. The patchiness of these disturbances created
various combinations of blowdown, salvage logging, and wildfire:
Blowdown-Salvage-Fire (BSF), Blowdown-Fire (BF), Fire (F),
Blowdown (B), and Control (C). Control areas were unimpacted
mature forests. In 2009, we randomly chose six study sites within
each of five treatments and established plots along 40-m grid
intervals. Within each plot we collected forest floor and mineral
soils to 10 cm. Forest floor and soil samples were analyzed for Hg,
total carbon and total nitrogen.
Although no treatment effects were found for mineral soils, we did
see significant effects on both concentrations and mass/area for
forest floor. Forest floor concentrations and mass/area for the BSF
treatment was significantly lower than all other treatments. Also the
F treatment was less than the B treatment for both concentrations
and mass/area. In addition, the BF and C treatments had lower
mass/area than the B treatment. Fairly strong relationships were
found between Hg and total carbon and nitrogen in both forest
floor and mineral soils. Cumulatively our data indicate that fire and
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salvage logging lead to decreases in forest floor Hg and blowdown
leads to greater forest floor Hg.

TG7-P12
MERCURY PROCESSES UNDER ELEVATED CARBON
DIOXIDE AND SOIL WARMING IN A PEATLAND:
HYPOTHESES FOR THE SPRUCE EXPERIMENT
1

1

2

KOLKA, Randy , SEBESTYEN, Stephen , MITCHELL, Carl ,
3
4
5
NATER, Ed , BRANFIREUN, Brian , HANSON, Paul
(1) USDA Forest Service Northern Research Station, rkolka@fs.fed.us
(2) University of Toronto Scarborough; (3) University of Minnesota;
(4) University of Western Ontario; (5) Oak Ridge National Lab.
Scientists at the Oak Ridge National Laboratory and the USDA
Forest Service are developing a large-scale ecosystem study in
which temperature and CO2 will be experimentally increased to
quantify effects of climatic forcing on ecological, hydrological, and
biogeochemical processes in a northern peatland. Here we provide
an overview of the mercury research directions within the Spruce
and Peatland Responses Under Climate and Environmental change
(SPRUCE) Experiment that will occur at the Marcell Experiment
Forest in northern Minnesota. We plan on heating peatland soils up
to 9oC down to 3 m depth and elevate CO2 up to 900 ppm in 12-m
diameter chambers on a black spruce-Sphagnum bog.
Each chamber will have a nest of piezometers, runoff collector, and
a pair of sippers to measure routine chemistry and total Hg (THg)
and methyl Hg (MeHg). Piezometer nests will include samples from
near the soil surface to near the peat-mineral interface at depth. A
belowground corral is planned to isolate the chamber from outside
influences of hydrology and allow us to sample surface and nearsurface runoff events. In addition, we will insert a pair of Teflon
sippers in each chamber to sample distinct soil water zones focusing
on samples just above and below the water table.
We anticipate that the soil warming treatments alone or in
combination with elevated CO2 will increase primary productivity
and lower water tables as a result of more uptake and higher
evaporation. We hypothesize that lowering of water tables will
result in a decline of THg and MeHg in soil pore water as deeper
organic soils with lower mercury burdens contribute to pore water
chemistry. However, when we have a significant event such as major
storm or snowmelt, we hypothesize that treatments with lower
initial water tables will have more Hg available for methylation and
thus higher THg and MeHg concentrations, especially under heated
conditions. These responses will be also controlled by how water
table variation and heating influence carbon and sulfate cycles. We
seek interaction with the mercury community on the design and
hypotheses of the SPRUCE experiment.

MS18-P1
USGS COAL QUALITY DATABASES AND THE UNEP
GLOBAL MERCURY PARTNERSHIP
1

2

2

KOLKER, Allan , TEWALT, Susan J. , BELKIN, Harvey E. ,
3
2
2
FINKELMAN, Robert B. , OLEA, Ricardo A. , TRIPPI, Michael H.
(1) U.S. Geological Survey (USGS), Reston, VA , akolker@usgs.gov (2)
USGS; (3) The University of Texas at Dallas.
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A newly released USGS database, the World Coal Quality Inventory
(Tewalt et al., 2010, http://pubs.usgs.gov/of/2010/1196/) provides
mercury, chlorine, and other coal quality determinations on a dry,
whole coal basis for 1,580 coal samples representing 57 countries.
Together with the USGS database of 7,430 U.S. coal samples (Bragg
et al., 1997; mean 0.17 ppm mercury), USGS databases provide a
means to 1) compare coals produced in different countries, analyzed
by common methods; 2) compare selected raw vs. cleaned coals, and
3) identify future sampling needs.
Four countries, China, India, Russia, and South Africa, have the
highest priority identified by the United Nations Environment
Programme for additional data to assess mercury input and/or
emissions from coal use. The World Coal Quality Inventory includes
limited results for each of these countries. Results for China and
South Africa give provisional country-wide estimates for in-ground
coals. For China, the database includes 328 samples representing an
estimated 80% of production at the time of sampling. These samples
give a mean of 0.17 ppm and a median of 0.12 ppm, comparable to
means reported by Zhang et al., 2009 (9th ICMGP; 0.18 ppm; ~900
samples) and Zheng et al., 2007 (STOTEN, v. 384; 0.19 ppm; 1,699
samples). In each case, the mean is influenced by the proportion of
mercury enriched samples from Guizhou Province.
For South Africa, the USGS database includes 40 samples collected
throughout the country, giving a mean mercury content of 0.16 ppm
and a median of 0.11 ppm, with sample locations and colliery names
remaining confidential. For India and Russia, samples were collected
in specific study areas and do NOT represent country-wide averages.
For India (107 samples), samples are from the Sohagpur Basin, an
important Carboniferous coal basin, together with reconnaissance
sampling of Tertiary coals having more limited commercial use.
Additional sampling is required to determine an overall mercury
content for Indian coals and assess the effectiveness of coal washing
to reduce mercury. For Russia (12 samples), sampling is limited to
the Siberian Kuznetsk Basin, the most important coal producing
and export area. These samples give a mean of 0.06 ppm mercury,
within the 90% confidence interval (0.05 to 0.13 ppm) for the mean
of 40 Kuznetsk Basin mine averages, reported by the Arctic Council
(ACAP, 2005). USGS results provide a starting point for more
focused studies sponsored by UNEP.

RG15-P3
MERCURY CONTENT IN ORGANS AND TISSUES OF
RUSSIAN DESMAN FROM LIPETSK REGION
1

KOMOV, Viktor
(1) The Institute of the Russian Academy of Sciences I.D. Papanin
Institute for Biology of Inland Waters RAS , vkomov@ibiw.yaroslavl.ru
Desman (Desmana moschata Linnaeus) is a relic endemic species of
Russia. Natural habitats of desman are Dnepr, Volga, Don and Ural
river basins. Desman is a small animal (body length 180 – 215 mm,
weight 380 – 520 g) with long tail and short extremities. Inhabits
stagnant or slowly flowing waters, former river-beds, floodland
marshes and lakes. Optimal life conditions for the desman are in the
reservoirs 1 – 2 m deep, more shallow reservoirs are unfit because of
the winter frost penetration. Desman feeds on small water animals:
mollusks, insects and larvae, leeches, minute fish, frogs, and also
willingly eats the rhizomes of water plants. The composition of
desman food changes depending on the reservoir type and the time
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of year. Desman is active the whole year round. Life duration is 4 – 5
years.
In 2003 – 2009 nine dead individuals of desman have been gathered
in the fishing nets or in the littorals of Lipetsk region rivers.
Mercury analysis has been made by the mercury analyzer RA-915+
(PYRO). The precision of analytic methods of measurements have
been controlled using the certified biological material DORM-2 and
DOLT-2.
Mercury content in all organs and tissues varied strongly and
increased in the line: brain<muscles< kidneys<liver. The lower
mercury concentrations were registered in the individual with the
smallest weight (95 g): from 0.005 mg Hg/kg of wet weight in brain
to 0.03 in liver. The least difference between the animals have been
observed on the levels of metal accumulation in brain (0.005 – 0.070
mg Hg/kg), while the content in liver was higher (1.0 – 60.0 mg Hg/
kg). The remained tissues of heart muscle, intestine and spleen in
some animals contained more mercury than brain and muscles, but
less than kidneys and liver.
Analysis taken gives the opportunity to distinguish a few
features that differ accumulation and distribution of mercury in
organs and tissues of desman from those in other mammals. It
is the considerable variability of accumulation level in liver and
muscles compared to those in kidneys. Big difference in mercury
accumulation by different organs and tissues. Extraordinary high
levels of mercury accumulation in liver in some individuals (10 – 60
mg/kg), which is significantly higher than in mink and otter that
inhabit European part of Russia.

MG7-P13
METHYLMERCURY IN MOSQUITOES: IMPACT OF A
LARGE COAL-FIRED ELECTRICAL UTILITY IN CENTRAL
OHIO
1

1

KONKLER, Matt J. , HAMMERSCHMIDT, Chad R.
(1) Wright State University, konkler.2@wright.edu

Emissions from coal-fired utilities are the major anthropogenic
source of mercury (Hg) to the atmosphere. Because some of the
emitted Hg may be atmospherically deposited near the source,
there are concerns over potential impacts on levels of toxic
monomethylmercury (MMHg) in local biota. Recent investigations
have suggested a link between atmospheric deposition of inorganic
Hg and the accumulation of MMHg in aquatic biota. MMHg
concentrations in mosquitoes (Diptera: Culicidae), which are
ubiquitous and have aquatic life stages, have been shown to be
a useful and sensitive indicator of Hg loadings, including those
derived from atmospheric deposition. We investigated the potential
impact of a large Hg-emitting (> 500 kg Hg y–1) coal-fired electrical
utility on MMHg levels in mosquitoes near the Conesville power
station in central Ohio. Adult, host-seeking female mosquitoes
were sampled with CO2-baited traps at 23 locations within a 60 km
radius of the utility during a two-week period in July 2010 as well as
two reference sites distant from known combustion sources of Hg.
MMHg levels in mosquitoes sampled at locations within a 30-km
radius of the plant (n = 12) were comparable to those at locations
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within a 30–60 km radius (n = 11) and the two control sites. These
preliminary findings suggest that either 1) little of the Hg emitted
from the utility is deposited locally or 2) near-source deposition of
Hg emissions from the plant does not have a significant impact on
MMHg residues in mosquitoes and, by extension, potentially other
organisms in the local food web.

TG4B-P4
ESTIMATION OF ATMOSPHERIC MERCURY LEVELS
WITH NATIVE EPIPHYTIC FERNS IN SMALL-SCALE GOLD
MINING AREA, WEST JAVA, INDONESIA
1

2

2

KONO, Yuriko , HIDAYATI, Nuril , RAHAJOE, Joeni S. ,
1
1
1
KODAMATANI, Hitoshi , KANZAKI, Ryo , TOMIYASU, Takashi
(1) Kagoshima University, yurikono@sci.kagoshima-u.ac.jp (2)
Indonesian Institute of Sciences.
Mercury pollution is caused from small-scale gold mining along the
Cikaniki River. Atmosphere is one of the most important mediums
for mercury dispersion. In this study, to reveal the dispersion of
mercury through air from the mining, the atmospheric mercury
levels are estimated by using of native epiphytic fern Asplenium
nidus L. as a biomonitor.
Samples were collected on October–November, 2008 and 2009
in the Cikaniki Basin. Site A is the headwaters. Sites B and C are
located in about 12 km lower from Site A. Site D is within 1 km and
about 100 m high from Site C. Sites E, F and G are located in about
18, 19 and 21 km lower from Site A, and Sites H and I are more than
2 km off from the Cikaniki River. The mining has been operated
in Sites B, C, E, F and G, especially Sites B and C have been the hot
spots.
All A. nidus examined were found on tree trunks, attached to 1–3
m above the ground. More than 3 fronds of each A. nidus were
collected. The fronds were washed and dried at 70oC for 1–3
days. Total mercury concentration in the frond was determined
by cold vapor atomic absorption spectrometry (CVAAS) after
acid–digestion. Atmospheric mercury was collected with porous
gold collectors and the concentration was determined by double–
amalgam CVAAS.
The highest mercury concentration of A. nidus was observed in the
mining hot spot (Site C) and the lowest in the no mining sites (Sites
A and I). Among the mining sites, the mercury concentrations of A.
3
3
nidus were higher in Sites B and C (3.8×10 –5.4×10 ng/g) than the
2
2
other mining sites (4.0×10 –9.4×10 ng/g). Meanwhile, among the
2
2
no mining sites, the concentrations in Site D (5.4×10 and 8.8×10
2
ng/g) were significantly higher than in Site I (7.0×10–3.1×10 ng/g).
It was suggested that mercury released from the mining activity in
Sites B and C was transported through air and caused the increase in
mercury level in Site D.
The mercury distribution of A. nidus in this area indicated a similar
tendency with that of air. A significant correlation was observed
between mercury concentration in air andA. nidus (R=0.895,
P<0.001, n=14). The mercury level of air can be estimated with the
mercury concentration of A. nidus using a regression equation.
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RS1-P2
MONITORING OF MERCURY IN THE AMBIENT AIR OF
THE RUSSIAN ARCTIC. IMPACT OF EYJAFJALLAJOKULL
VOLCANO ERUPTION.
1

1
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KONOPLEV, Alexei , PANKRATOV, Fidel , REIERSEN, Lars-Otto ,
3
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Long-term continuous monitoring of gaseous elemental mercury
о
(GEM) in the surface air at the polar station Amderma (69,72 N;
о
61,62 E) using the analyzer Tekran 2537A has been conducted
from June 2001 to date. Individual measurements were collected
every thirty minutes. It has been shown that during ten years of
observations the so-called mercury depletion event (MDE) was
observed every year from the end of March to early June. The
least variability in the mercury concentration was seen from
September to December each year. In September 2009 the mercury
3
concentration was 1.32±0.09 ng/m . During the monitoring period
the mean annual concentration of elemental mercury vapor was
3
3
decreasing from 1.68±0.29 ng/m in 2001 to 1.31±0.31 ng/m in
2009. Most likely, this is the reflection of the reduction in European
anthropogenic emissions of mercury as a result of adopted bans and
restrictions.
Behavior of GEM in the air of Amderma in 2010 was very specific
which, in our view, was caused by impact of the Eyjafjallajokull
volcano eruption. Prior to April 2010 the mercury concentrations
in the air at Amderma were in general slightly lower than in the
previous years. This may be a reflection of the decrease in the
European mercury levels in the atmosphere due to the undertaken
measures to restrict mercury emissions. The eruption of the
Eyjafjallajokull volcano began on 20 March 2010 and the massive
release of ash and water vapor due to evaporation of snow and
glaciers began on 14 April. The mercury concentration in Amderma
increased from 13 April to end of May 2010, as compared to
the mean many-year values. It may be worth noting that the
Eyjafjallajokull eruption coincided with the phenomenon of
depletion of atmospheric mercury during the polar sunrise in the
spring of 2010.
The analysis of the available calculated maps for the paths of air
masses from Iceland suggests that in the middle and second half
of April Amderma was in the area affected by the volcano unlike
other global stations of air mercury monitoring (Alert, Canada and
Ny Alesund, Svalbard, Norway). In this context, the observation of
the increased levels of mercury in the ambient air in the vicinity of
Amderma appears to be unique.
In summary, the long-term monitoring of GEM in the ambient
air in Amderma has made it possible to detect the impact of the
Eyjafjallajokull volcano eruption on the atmospheric mercury
pollution levels on a global scale, first of all, in the Arctic.

FS15-O11
SHINING SYNCHROTRON LIGHT ON THE ROLE
OF SELENIUM IN MERCURY POISONING AND
DETOXIFICATION
1

1
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2
2
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John L. , WATSON, Gene E. , PICKERING, Ingrid J. , SINGH, Satya
1
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P. , MYERS, Gary J. , CLARKSON, Thomas W. , KRONE, Patrick
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Rochester.
Several large-scale human methylmercury poisonings have occurred
and human exposure to lower-level methylmercury through
consumption of methylmercury-containing fish and other seafood
is widespread. Despite public health concerns little is known about
the molecular mechanisms by which methylmercury causes its toxic
effects and the role of selenium therein.
Synchrotron X-ray absorption spectroscopy (XAS) can be used
to investigate the chemical speciation of an element of interest in
biological tissues in situ whereas synchrotron X-ray fluorescence
imaging (XFI) can directly visualize the distribution of the
element in the studied specimen. Here we used XAS and XFI
to investigate the molecular nature of mercury and selenium
in human brain tissue taken from five individuals with varying
mercury exposure (two individuals with acute exposure to high
levels of methylmercury, two individuals with a lifetime of high fish
consumption, and one subject with minimal fish consumption and
no known exposure) (Korbas et al. ACS Chem. Neurosci., 2010,
1, 810-818). After high exposures to methylmercury, the cortical
brain selenium levels were significantly elevated and the mercury
was present in at least two chemically distinct species, inert nanoparticulate mercuric selenide and mobile mercuric bis-thiolate. In
one case, substantial fraction of mobile methylmercury cysteineate
species was also detected. After low chronic methylmercury
exposures, the cortical selenium levels appeared normal and
the predominant forms of mercury were mercuric selenide and
methylmercury cysteineate, both at much lower levels. Interestingly,
the levels of total organic selenium (presumably the selenium
naturally present fulfilling functional roles in selenoenzymes) were
not disturbed in all of the cases.
To study the origin of the selenium involved in forming mercuric
selenide deposits we exposed zebrafish larvae to mercuric chloride
or methylmercury cysteineate. Following inorganic mercury
exposure, micro-deposits of mercuric selenide were detected in the
brain and the kidney tubules using XFI. These were accompanied
by very low levels of natural selenium in the melanophores (black
pigment cells) when compared to control and methylmercurytreated larvae, thus identifying melanophores as the plausible source
of mobile selenium pool.
Our results clearly demonstrate that selenium plays an essential role
in the detoxification process of inorganic and organic mercury.
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FS3-O11

TG10-P15

ANALYSIS OF UNCERTAINTIES IN MEASUREMENTS
AND MODEL FOR OXIDISED AND PARTICLE-BOUND
MERCURY

MERCURY AND ITS SPECIES IN THE ADRIATIC SEA

1

1

1

KOS, Gregor , RYZHKOV, Andrei , DASTOOR, Ashu
(1) Environment Canada, gregor.kos@ec.gc.ca

A recent report of concurrent measurements and model runs for
2+
oxidised (Hg ) and particle bound mercury (Hgp) has indicated
differences between observations and model simulations (Zhang
2+
2011). Estimations for short-lived Hg species are challenging,
because of low concentrations, typically 1-10% of elemental
-3
gaseous mercury (Hg0) in the lower pg m range. Measurements
2+
and modeling of Hg and Hgp are of importance, because of their
reactivity and regional implications via comparatively fast wet/
dry deposition and to a lesser extent atmospheric interconversion
reactions.
A critical analysis of measurement data is presented including an
assessment of instrumental uncertainties. Cold vapour atomic
fluorescence (CVAFS) is widely employed for the determination
0
2+
of Hg . Denuder (for Hg ) and quartz filter (for Hgp) samplers
are used for reactive species followed by CVAFS detection. These
species remain operationally defined, while models explicitly
specify chemical reactions. Data output and statistics from CVAFS
instruments varies considerably. Local effects such as immediate
sampling environment and inlet configuration are not considered in
a regional and global models, but have significant influence on the
collected data.
Uncertainties in model estimates include mercury speciation in
anthropogenic emission inventories and post-stack atmospheric
processes, e.g., plume chemistry. Rate constants for chemical species
and partitioning coefficients are to be considered and so is temporal
variability associated with emission inventories. Heterogeneous
chemistry losses in the troposphere through reduction on
2+
particulates could be of importance. Also, Hg species tend to
adsorb on aerosols, as especially HgCl2 is known to be very “sticky”
2+
playing an important role for Hg removal from the atmosphere.
A quantitative analysis of uncertainties using continental scale
model data from the Global/Regional Atmospheric Heavy Metals
Model (GRAHM) and measured data from the Atmospheric
Mercury Network (AMNet) and selected Canadian sites is
presented.
References
L. Zhang, P. Blanchard, D. Johnson, A. Dastoor, A. Ryzhkov, C.J.
Lin, K. Vijayaraghavan, D. Gay, T. Holsen, J. Huang, J. Graydon, V.L.
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Mercury and its speciation were studied in surface and deep
waters of the Ariatic Sea during two oceanographic cruises on
board the Italian research vessel Urania in fall 2004 and summer
2005. Oceanographic cruises were part of the MedOceaneor
and MERCYMS projects. Several mercury species (i.e. DGM dissolved gaseous Hg, RHg - reactive Hg, THg - total Hg, MeHg
- monomethyl Hg and DMeHg - dimethylmercury) together with
some other water quality parameters were measured in coastal and
open sea deep water profiles. Spatial and seasonal variations of
measured Hg species concentrations in different indentified water
masses were observed. THg concentrations in water column, as well
as in sediments and pore waters were the highest in the northern,
most polluted part of the sea as the consequence of Hg mining
in Idrija and heavy industry of northern Italy. Further, Hg mass
balance for the Adriatic Sea was calculated based on measurements
and literature data. Main point sources, inflow of mercury by main
rivers, exchange with the rest of the Mediterranean Sea, exchange
with bottom sediment, main geotectonic active areas, and evasion to
and deposition from the atmosphere were taken into account.

TS5-P14
CONTROLS OF SPATIAL PATTERNS OF TOTAL AND
METHYL MERCURY IN LAKES ACROSS THE UPPER
MIDWEST, USA
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1
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1
SABIN, Thomas , THOMPSON, Charles , TATE, Michael
(1) U.S. Geological Survey, dpkrabbe@usgs.gov
In 2006, mercury (Hg) was responsible for 80 percent, or 3,080, of
the fish consumption advisories posted in the 48 United States. The
seemingly ubiquitous nature of Hg-contaminated fish, and daunting
task of monitoring and mapping such widespread and complex
problem, has caused some states to issue statewide advisories in
order to warn their citizens. While statewide advisories may be
effective for warning the public of possible unsafe exposure levels
of Hg in fish, this strategy does little to indentify whether areas of
greater or lesser concern may exist and what the controlling factors
are. The goal of this study was to evaluate regional trends in Hg and
methylmercury (MeHg) for lakes in the Upper Midwest (US) states
of Minnesota, Wisconsin, Michigan and Illinois, and to ascertain
whether we can infer the controlling factors.
In the summer of 2007 the USEPA sponsored a nationwide of
more than 1000 lakes across the coterminous United States. The
sampling design for the survey was a probability-based network
intended to provide statistically-valid estimates of the condition
of all lakes with known confidence. In the original design of
the project the only mercury-related work component was the
acquisition of a single sediment core from the center of each lake,
and the top two centimeters was sectioned off for HgT and MeHg
analyses. Shortly before the initiation of the field sampling, the
USGS Mercury Research Lab contacted the sampling teams in
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Minnesota, Wisconsin, Michigan and Illinois to invite the collection
of water samples for HgT and MeHg analyses. In all, 234 lakes were
sampled in the four-state area. Results from the study show clear
spatial trends across the sampling domain. First, Hg in Illinois
lakes was about 2-3 times greater than lakes sampled from the
other three states (2.24 ng/L, Illinois; 1.13 ng/L, Michigan; 0.68
ng/L, Wisconsin; and, 0.93 ng/L, Minnesota). Methylmercury
concentrations showed different spatial trends with the greatest
mean values observed in Michigan and Minnesota (0.09 ng/L);
Illinois lakes had many very low MeHg lakes, and an overall mean
of 0.07 ng/L; and, the sampled lakes from Wisconsin were more
moderate with a mean concentration of 0.06 ng/L. Third, the
methylation capacity (as estimated by the MeHg/Hg ratio) were
comparatively low for Illinois lakes (3%); greatest in Minnesota and
Michigan lakes (12 and 11%, respectively); and Illinois was relatively
low (3 percent); and, Wisconsin lakes were moderate (8%). The key
factor controlling MeHg levels and the MeHg/HgT ratio appears to
be DOC concentrations.

WS14-03
ESTIMATING THE FRACTION OF METHYL MERCURY
EXPOSURES FROM LOCALLY CAUGHT FISH: A CASE
STUDY OF U.S. GULF COAST RESIDENTS
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Estimating the Fraction of Methyl Mercury Exposures from Locally
Caught Fish: A Case Study of U.S. Gulf Coast Resident sDon Kriens,
Katherine von Stackelberg and Elsie Sunderland Gulf of Mexico
coastal residents consume more fish than inland populations.
Consumption advisories for mercury are in place for a number
of Gulf of Mexico fish species and efforts to curb anthropogenic
mercury sources in the region have included regulations on waste
incinerators and other products. To understand how mercury
exposures in Gulf coast residents will be affected by pollution
abatement efforts and changes in environmental quality in the Gulf
of Mexico, it is first necessary to understand the fraction of exposure
originating from consumption of locally caught fish species. Here
we present a synthesis of data from the Gulf of Mexico to estimate
mercury exposure sources among different demographic groups
by combining fish mercury data with dietary information. Where
possible, we delineate methyl mercury exposures in residents
that could be attributed to fish and shellfish originating from the
Gulf. We present results of probabilistic modeling of exposure
levels among the population that are based on our data synthesis.
Results shows that consumption of Gulf of Mexico fish represents a
substantial portion of Gulf coast residents methyl mercury exposure
and are exposed to higher intakes than the U.S population as a
whole, primarily as a result of higher fish consumption rates. We
also discuss key data limitations and uncertainties related to speciesspecific consumption data, origin of fish and variability, and meal
sizes.
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RAINFALL DEPOSITION OF MERCURY AND OTHER
TRACE ELEMENTS TO THE NORTHERN GULF OF MEXICO
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Event-based (24-hour integrated) rainfall deposition of mercury,
trace metals, and major ions has been monitored over the last 6
years at 3 inland locations and at a “Beach” site close to the coast
over the past 2 years in the Pensacola Bay watershed to evaluate
the temporal and spatial patterns in atmospheric wet deposition.
Samples were analyzed for total mercury and a suite of 50 other
trace elements. One goal of this project was to attempt to quantify
the contribution of local emission sources to atmospheric deposition
of mercury and other heavy metals. There were no significant
differences in the rainfall Hg flux between the three inland sites
or between nearby Mercury Deposition Network monitoring sites
along the Gulf Coast. However, the inland sites saw Hg fluxes in
the range of 20-46% greater than that of the Beach site for the year
2010 and two of the nearby MDN sites saw a range of 35-71%
greater over the first half of 2010 compared to the Beach site. We
seek to explain these differences for sites that are relatively close
together geographically. Mercury deposition during the summer
months is higher than other months due to higher concentrations
in the rainfall and higher summer-time rainfall rates throughout
the region. Multivariate statistical analysis was used to sort these
trace elements into factors that represent potential sources that
contribute to the rainfall chemistry. Four significant factors were
identified: (1) crustal dust factor (Al, Ba, Co, Cs, Fe, Li, Si), (2) seasalt factor (Cl, Na, Mg, Sr), (3) Cd/Zn factor (Cd, Cr, Zn, P), and (4)
a “pollution” factor (acidity, nitrate, excess-sulfate, ammonia, As, Bi,
Hg, Pb, Sb, Se, Sn). Using ratios of Hg to volatile trace elements and
excess sulfate, we can estimate that 22-33% of the rainfall mercury
fluxes could be the result of emissions from coal combustion in the
region while factor analysis suggests slightly over 40%. However, we
cannot definitively distinguish the impacts from local vs. regional or
distant sources on wet deposition of Hg. We also conduct a positive
matrix factorization to account for source variations and percent
contributions between seasons.

MG7-P35
CAN DEMETHYLATION PROCESSES IN ALNUS
GLUTINOSA SWAMPS COUNTERACT THE EFFECT OF HG
METHYLATION HOT SPOTS IN FORESTED LANDSCAPES?
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slu.se (2) Umeå University.
Can demethylation processes in Alnus glutinosa swamps counteract
the effect of Hg methylation hot spots in forested landscapes?
In forested landscapes wetlands are generally recognized as
major sources for methyl mercury (MeHg), whereas uplands and
certain types of lakes are major sinks. This picture is, however, too
simplistic. To be able to counteract negative effects of e.g. forestry
activities like clear-cutting on MeHg production and export, we
need to understand more in detail factors in control of methylation
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and demethylation processes and how these vary in the landscape.
This paper builds on the results from four years of input/output
studies of Hg and MeHg in an Alnus glutinosa swamp in southern
Sweden. The Alnus swamp was shown to be a substantial sink
of MeHg. Studies of the soil showed that absolute and relative
concentrations of MeHg, as well as the total mass per ha, decreased
along a gradient running from the inlet to the outlet of the swamp.
Potential demethylation rates increased along the gradient, whereas
potential methylation rates showed no clear trend. There was a clear
seasonality in methylation and demethylation rates, the former
with a climax during summer and the latter with its maximum
during the colder months. This seasonal pattern was also reflected
by %MeHg in soil. In order to test the generalisability of our results,
eight additional Alnus glutinosa swamps were studied by means
of one-day input-output budgets during early summer 2010. Five
sites showed reduction in MeHg, two sites showed no change and
one site showed an increase in MeHg. We conclude that Alnus
glutinosa swamps seem to be sinks for MeHg, at least when located
downstream sites acting as major sources of MeHg production.
The results favor policies to restore formerly drained Alnus
glutinosaswamps (which often are associated with high biodiversity),
in order to mitigate negative effects of MeHg in the landscape.
A next step would be to investigate the effect of Alnus glutinosa
swamps as buffer strips along streams after clear-cut. An issue high
up on the agenda for forest authorities in Sweden.

RG14-O8
MERCURY IN RICE PLANTS – CAN SELENIUM
SUPPLEMENTATION ACT AS AN ANTAGONIST TO
MERCURY AND METHYLMERCURY TOXICITY AND
INFLUENCE ITS UPTAKE INTO RICE GRAINS?
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Selenium is an essential element, with clearly shown benefits
to health, and, if in deficiency, is connected with ill health and
vulnerability to diseases. However, selenium is toxic in higher doses,
and the actual margin between deficiency and toxicity onset very
narrow. Therefore, caution is advised in selenium administration,
especially in its inorganic form.
Selenium has also been shown to counteract toxicity of mercury
and methylmercury in animals, as for example in rats exposed to
different doses of methylmercury.[1] It is suggested that ingestion
of selenium has an antagonistic effect and counteracts toxicity,
for example when methylmercury is taken up via marine fish.[2]
Recent research suggests that not the mercury or methylmercury
concentration is the determining factor for the onset and severity of
methylmercury’s toxic action, but rather the molar Hg:Se ratio.[3]
These studies have been mainly concern with animals, and
carnivorous diet in humans. Rice has also been shown to be
a potential source of dietary methylmercury when grown in
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contaminated paddy fields. Rice grains can contain substantial
amounts of methylmercury, and in some areas rice is the main
source for methylmercury exposure to humans.[4]
In the presented research we exploit whether Selenium, if
supplemented to the irrigation water, influences the toxicity of
mercury in rice plants. We report on EC 50 values obtained for
plant growth under the influence of mercury, with and without
supplement of selenium to the nutrient solution, and the uptake of
mercury and selenium into the plants investigated.
[1] Ralston et al., NeuroToxicology, 29, 802, 2008
[2] Ralston, EcoHealth, 5, 442, 2008
[3] Khan and Wang, Environmental Toxicity and Chemistry, 28,
1567, 2009
[4] Zhang et al., Environmental Health Perspectives, 118, 1183,
2010
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GENETIC APPROACHES IN MERCURY METHYLATION
ENZYMOLOGY FOR DESULFOVIBRIO DESULFURICANS
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Methylmercury (MeHg+) is a potent neurotoxin which readily
bioaccumulates in the food chain and poses significant risks to top
predators in mercury contaminated regions. MeHg+ is primarily
produced by anaerobic dissimilatory sulfate-reducing (DSRB) and
dissimilatory Fe(III)-reducing bacteria, although interestingly only
a subset of species within these groups are capable of mercurymethylation. The DSRB Desulfovibrio desulfuricans ND132 is a
known methylator of mercury and is one of only a few strains of
mercury-methylating DSRB to have its genome sequenced. The
enzymology of mercury methylation remains elusive; hence, we
propose to identify the genes and enzymes in ND132 necessary for
the methylation activity. We have established genetic manipulation
protocols in ND132 to target the deletion of candidate methylation
genes and have initiated construction of a random transposon
mutant library through conjugation. Thus far ca. 3000 mutants
have been isolated and arrayed in a library that will include 10,000
mutants to ensure broad genome coverage. A high-throughput
MeHg+ screening assay was developed and optimized to detect
mutants altered in methylating capability and over 800 mutants
have been screened to date. Additionally, biochemical assays and
purification techniques are being applied to identify mercury
methylation enzymes from cell extracts of ND132. Determining
which genes or pathways are involved in MeHg+ production in
ND132 may facilitate the development of new strategies to minimize
or eliminate the production of MeHg+ in mercury contaminated
environments
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MEASUREMENT OF MERCURY ISOTOPE
FRACTIONATION DURING TROPHIC TRANSFER IN
JUVENILE YELLOW PERCH

HG STABLE ISOTOPE FRACTIONATION AS A NEW TOOL
TO EVALUATE THE IMPACT OF SMALL-SCALE GOLDMINING ON SEDIMENTS IN BOLIVIA AND FRENCH
GUIANA
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Wisconsin-Milwaukee.
Hg stable isotopes have recently gained application for the
identification of Hg sources, and for understanding the behavior
of Hg in aquatic systems. In order to trace Hg contaminant sources
into fish, an understanding of Hg isotope fractionation during
trophic transfer is required. In this study we performed a controlled
202
experimental determination of both mass-dependent (ð Hg)
199
and mass-independent (Δ Hg) fractionation during trophic
transfer by raising yellow perch (Perca flavescens) in captivity and
feeding them food pellets with varying amounts of added synthetic
methylmercury (MeHg). Hg isotope values were measured by
on-line cold vapor generation MC-ICP-MS using Tl as an internal
standard and sample-standard bracketing, with an external
202
199
uncertainty of better than ±0.1‰ (2sd) for ð Hg and Δ Hg.
Juvenile yellow perch (3 month old) were raised in three separate
tanks and fed commercial food pellets with a) no added MeHg
(background MeHg concentration of 0.0691ppm), b) 1ppm added
MeHg and c) 5ppm added MeHg. The muscle tissues of yellow
perch fed with these treatments had average Hg concentrations (dry
weight) of 0.322ppm, 2.57ppm and 13.8ppm and bioaccumulation
factors of 4.7, 3.0 and 2.9, respectively. The food pellets were
202
characterized by ð Hg values of 0.20‰, -0.63‰, and -0.70‰ and
199
Δ Hg values of 1.40‰, 0.15‰, and 0.04‰ for 0ppm, 1ppm, and
5ppm pellets, respectively. The food pellet values are explained
202
199
by simple mixing of MeHg with high ð Hgand Δ Hg from fish
by-products in the untreated pellets with added synthetic MeHg,
202
199
202
199
which has lower ð Hgand Δ Hg. The ð Hg and Δ Hg values
of the muscle tissues closely reflected their food sources and for
each treatment were identical within analytical uncertainty. The
fish muscle tissue values were characterized by ð202Hg values of
0.36‰, -0.69‰, and -0.76‰, and Δ199Hg values of 1.55‰, 0.18‰,
and 0.05‰, for 0ppm, 1ppm, and 5ppm pellets, respectively. Thus
the isotopic composition of the food was directly passed to the
fish muscle tissue without significant fractionation during trophic
transfer. We infer that photochemical reduction and degradation of
MeHg prior to incorporation into the food web is largely responsible
for MIF in young fish. Moreover, this study supports the use of
young fish as biosentinels for measurement of the Hg isotopic
composition of their food sources and potentially for isotopic
identification of Hg sources in the environment.
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LAFFONT, Laure , SONKE, Jeroen E. , BÉRAIL, Sylvain , MAURY3
2
4
BRACHET, Régine , AMOUROUX, David , BEHRA, Philippe ,
3
5
LEGEAY, Alexia , MAURICE, Laurence
(1) GET-CNRS, laure.laffont@get.obs-mip.fr (2) LCABIE-CNRS; (3)
EPOC-Bordeaux University; (4) LCA-Toulouse University; (5) GETIRD.
One of the anthropogenic sources of Hg in environments impacted
by gold-mining activities is liquid Hg(0), widely used in South
America to amalgam gold. Excess mercury is first separated from
the amalgam, generally by hand pressing, and then released into the
river, increasing total Hg concentrations in sediments in Bolivian
gold-mining areas. In this study, Hg isotope signatures have been
analyzed in sediments sampled in mine tailings, along an impacted
river and compared with a pristine area both in the Bolivian
Amazon (Beni River basin) and in French Guiana (Oyapock River
basin).
In the Beni R. sediments from mine tailings, d202Hg=–0.33±0.14‰
and D201Hg=–0.02±0.05‰ (2SD, n=4) are very close to
d202Hg=–0.37±0.09‰ and D201Hg=–0.07±0.03‰ (2SD, n=3)
of liquid Hg(0) used by gold-miners. On the other hand, isotopic
signatures of Beni R. sediments downstream gold-mining areas,
d202Hg=–1.02±0.36‰ and D201Hg=–0.06±0.07‰ (2SD, n=7), are
not significantly different from Mamore River sediments that are
not impacted by gold-mining activities, d202Hg=–1.03±0.22‰ and
D201Hg=–0.09±0.10‰ (2SD, n=11) with P=0.84 for d202Hg and
P=0.19 for D201Hg (student t-test, n=18). These results confirm
preliminary study made on the Beni R. basin by Maurice-Bourgoin
et al. (2003) who estimated that 26 t Hg.year–1 transit this river by
natural erosion and dilute the anthropogenic Hg inputs at the basin
scale (67500 km²).
In the Oyapock R. basin (28620 km²), Hg isotopic signatures of
sediments from gold-mining tributaries d202Hg=–0.46±0.09‰
and D201Hg=–0.41±0.05‰ (2SD, n=3) are significantly different to
the ones of the upstream pristine river d202Hg=–1.85±0.30‰ and
D201Hg=–0.56±0.05‰ (2SD, n=8) with P<0.001 (student t-test,
n=11) for both d202Hg and D201Hg. The D201Hg difference can
be explained by a liquid Hg(0) contamination due to gold-mining:
a mix of natural Hg with D201Hg=–0.56‰ and anthropogenic Hg
with D201Hg=–0.02‰ is obtained. Based on a D201Hg binary
mixing model, gold-mining inputs represent 29% of the total Hg in
contaminated sediments of the Oyapock R. basin. Obviously more
data are needed to refine this first estimate.
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MG7-P9
MERCURY SPECIATION IN AN ANOXIC, WASTEWATERIMPACTED GROUNDWATER PLUME
1

LAMBORG, Carl
(1) Woods Hole Oceanographic Institution, clamborg@whoi.edu
In collaboration with on-going studies of nutrient and trace metal
geochemistry in the Massachusetts Military Reserve wastewater
plume, we have determined the mercury concentration and
speciation in groundwater collected from monitoring wells
arrayed longitudinally along the plume. In these often anoxic
waters, and most notably in locations where iron reduction was
evident, speciation shifted toward production of the elemental
form, enhancing subsurface mobility of mercury. Enhancements of
methylated mercury was also observed in these samples, especially
in the dimethylated form. Highly elevated concentrations of total
mercury were found in groundwater directly beneath the point
where wastewaters were allowed to infiltrate the aquifer. These
findings are examined in the wider context of residential wastewater
management on Cape Cod where private septic systems are the
norm, and where groundwater discharge into coastal marine
ecosystems is a significant local biogeochemical process.

FG10-O3
RECONSTRUCTING THE MERCURY CONCENTRATION OF
SEAWATER OVER TIME USING HARD CORALS
1

1

1

LAMBORG, Carl , HUGHEN, Konrad , SWARR, Gretchen ,
2
1
3
MURTY, Sujata , FURBY, Katherine , GRUMET PROUTY, Nancy ,
1
COHEN, Anne
(1) Woods Hole Oceanographic Institution, clamborg@whoi.edu (2)
Oberlin College; (3) United States Geological Survey.
Using a newly developed method (continuous flow isotope dilutionpyrolysis-inductively coupled plasma mass spectrometry) we have
determined the mercury concentration in annual layers of calcium
carbonate laid down by massive, colonial Schleractinian hard corals.
Results from at least two sites will be presented, including impacted
and relatively pristine sites in Bermuda. The mercury to calcium
ratio from contemporary layers is similar to that observed in
seawater at present, suggesting little selective retention or rejection
from calcifying fluids. These results demonstrate the utility of this
archive in reconstructing seawater mercury concentrations over
time.

RS3-P4
SEASONAL AND ANNUAL VARIATIONS OF
ATMOSPHERIC MERCURY ACROSS THE U.S.
DETERMINED FROM AMNET MONITORING DATA

mercury (PBM), gaseous organic mercury (GOM) and gaseous
elemental mercury (GEM) data from 25 AMNet sites will be used
to determine the mercury chemical distributions and temporal
variations. Rigorous data and statistical analyses will be utilized
to better understand sources, sinks, and transport of atmospheric
mercury in the U.S. Meteorological factors such as air temperature,
pressure, and winds will be evaluated for their influence on mercury
distributions. Backward air mass trajectories will be used to shed
light on the impact of long-range transport. In particular, AMNet
site data from CA and UT will be examined to identify influence
from trans-Pacific transport from Asia to the U.S. We identified
similarities and differences in seasonal and annual cycles in
geographic regions of the U.S. and offer potential explanations. Data
analysis shows that PBM median levels from different monitoring
-3
-3
sites ranged from 1.27 pg m to 13.66 pg m (0.14 ppqv to 1.53
ppqv), whose highest value was found in Rochester, New York. The
-3
-3
median of GOM ranged from 0.47 pg m to 12.35 pg m (0.05 ppqv
to 1.39 ppqv), with the highest value found in Utah. The GEM
-3
-3
median levels ranged from 1.33 ng m to 2.39 ng m (149 ppqv to
267 ppqv), with the highest values in New Jersey. Special focus will
be placed on the Northeast, where more than 70% of the AMNet
monitoring sites are located. Higher mixing ratios there may be
related to major coal burning areas to the west and southwest. Our
groups airborne data sets suggest that transport of mercury emitted
in urban areas may be very important to downwind locations. This
will be examined at U.S. sites with intensive anthropogenic activities
upwind. In addition, the influence from the changing distribution
of pressure systems and passage of fronts will be explored. Overall,
our analysis of the AMNet data should provide a more detailed
understanding of atmospheric mercury that can be used to better
inform regional and global models.

TS14-P6
TRANSPORT AND DEPOSITION OF ATMOSPHERIC
MERCURY IN THE TROPICS AND THE GULF OF MEXICO
1

2

LANDING, William , HOLMES, Christopher D.
(1) Florida State University, Earth, Ocean and Atmospheric Science,
wlanding@fsu.edu (2) UC Irvine, Atmospheric Chemistry, Earth
System Science.
Due to the lack of ground-based monitoring sites, the transport and
deposition of atmospheric mercury in the Tropics has been inferred
from global models. The situation is somewhat better in the Gulf
of Mexico, with active MDN sites along the USA gulf coast and
numerous monitoring projects covering various time periods over
the past 20 years. The current state of the various global models with
respect to their predictions regarding deposition and re-evasion of
Hg from the tropical marine environment and the Gulf of Mexico
will be summarized, and compared to monitoring data (where
available).

1

LAN, Xin1, Talbot, R.
(1) University of Houston, xlan3@uh.edu
Speciated atmospheric mercury data collected over the period
from 2007 to 2010 at the Environmental Protection Agency and
National Atmospheric Deposition Program Atmospheric Mercury
Network (AMNet) sites were analyzed for its spatial, seasonal, and
annual characteristics across the U.S. Specifically, particulate bound
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RG11-P14
MERCURY EXPOSURE PROFILE FOR SALTMARSH
SPARROWS (AMMODRAMUS CAUDACUTUS) ACROSS
NEW YORK AND NEW ENGLAND, USA
1

LANE, Oksana
(1) BioDiversity Research Institute, oksana.lane@briloon.org
We non-lethally sampled blood and collected feathers from
Saltmarsh Sparrows (Ammodramus caudacutus) nesting in 18
salt marshes throughout New England (Maine, New Hampshire,
Massachusetts, Connecticut and Rhode Island) and Long Island
(New York) USA to assess methylmercury (MeHg) availability.
Mean whole blood Hg levels in adult sparrows by site ranged
from 0.24 +/- 0.06 μg/g wet weight in Clinton, Connecticut, to
1.7 +/- 0.36 μg/g on Long Island, New York. Several of the sites
were sampled annually from 2004 to 2010 and the results indicate
different blood mercury trends among sites. Mean mercury
concentrations of feathers grown on the breeding sites ranged from
5.7 μg/g to 22.9 μg/g. A high proportion of adult sparrows sampled
on Plum Island in Massachusetts (109 of 239), and from two sites
on Long Island, New York exceeded the current LOAEL. Mercury
exposure significantly differed among marshes within and among
states. Plausible explanations for elevated levels include Hg inputs,
habitat sensitivity to increased Hg methylation rates from land
sources, and dietary influences. This study uses Saltmarsh Sparrow
as an indicator species of mercury exposure in salt marsh habitats
of the Northeast. Our results reveal that this obligate salt marsh
passerine which is listed as a “Bird of Conservation Concern” by
USFWS Northeast Region, and is globally red-listed, is exposed to
potentially harmful levels of mercury on its breeding grounds.

We report on fish Hg along a transect downstream from site
NP to mid-river at Tarpon Bay (TB) and near the mouth at
Little Shark River (LS). During September 2011, we collected
two species with different feeding strategies (grey snapper and
common snook) that occur across a range of salinities. Both
demonstrated size-dependent bioaccumulation of Hg. For snapper,
the only species collected at all three sites (n=39), differences
in mercury bioaccumulation among the sites were evaluated by
comparing slopes and elevations of regression lines of Hg vs TL
using ANCOVA with TL as a covariate. There were no significant
differences (P=0.732) in the slopes of regression lines indicating
similar rates of mercury bioaccumulation. But site means differed
significantly (df=1,2; P <0.001 ), declining seaward indicating
similar gradients in ambient methyl-mercury. Mean snapper Hg was
0.45 μg/g (range; 0.19 – 0.76 μg/g) at upstream site NP; 0.15 μg/g
(0.06 – 0.25 μg/g) at midstream site TB; and 0.05 μg/g (0.03 – 0.09
μg/g) at downstream site LS. Mean snook Hg was 0.74 μg/g (range;
0.33 – 1.25 μg/g) at upstream site NP and 0.41 μg/g (range; 0.18 –
0.68 μg/g) at site TB. None were collected from LS. Current results
were consistent with previously reported values from NP and nearby
Florida Bay.
To explain the observed gradients in fish Hg levels, additional fish,
water, and sediment sampling is proceeding to better understand
mercury transport and transformation processes and food web
interactions in this estuarine system.

RG11-O1
AN INTEGRATED SURVEY ON MERCURY POLLUTION
AND ITS IMPACTS IN GUIZHOU PROVINCE, CHINA
1

RG15-P16
FISH MERCURY BIOACCUMULATION ALONG A SALINITY
GRADIENT IN THE SHARK RIVER, EVERGLADES
NATIONAL PARK, FLORIDA, USA.
1

2

3

LANGE, Ted , RUMBOLD, Darren , KRABBENHOFT, Dave ,
4
3
BERGAMASCHI, Brian , AIKEN, George
(1) Florida Fish and Wildlife Conservation Commission, ted.lange@
myfw.com (2) Florida Gulf Coast University; (3) U.S. Geological
Survey; (4) USGS California Water Science Center.
Although fish mercury (Hg) levels have declined in portions of
the Everglades over the past 20 years, levels remain a concern
and mercury hotspots remain. One such hotspot is the Shark
River in Everglades National Park (ENP). The Shark River Slough
transitions from a shallow vegetated freshwater marsh into a series
of interconnected mangrove lined creeks, which merge to form the
Shark River extending to the Gulf of Mexico. Within the transitional
zone creeks, previous monitoring indicates fish Hg levels that exceed
all other areas within ENP. During the past decade, at North
Prong Creek (site NP) in Shark Slough, annual mean Hg ranged
from 0.91 to 2.37 μg/g for largemouth bass (LMB; Micropterus
salmoides); from 0.60 to 1.73 μg/g for common snook (Centropomus
undecimalis); and from 0.47 to 0.55 μg/g for grey snapper (Lutjanus
griseus). No significant temporal trends (seasonal Kendall analyses; r
= -0.018; P = 0.9164) were evident for LMB.
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LARSSEN, Thorjorn , ZHANG, Hua , FENG, Xinbin
(1) Norwegian Institute for Water Research - NIVA, tla@niva.no (2)
State Key Laboratory of Environmental Geochemistry, Institute of
Geochemistry, Chinese Academy of Sciences.
With the high Hg emissions in China, there is an increasing
requirement to take appropriate abatement action. Better knowledge
regarding Hg pollution in China is needed, related to emissions,
transport, deposition, accumulation in the environment and its
impacts. A large, Sino-Norwegian cooperation project (SINOMER)
addresses problems related to mercury pollution in Guizhou
province in southwestern China in an integrated fashion, by
considering Hg releases to the environment, environmental impacts
and Hg contamination in food products, as well as assessing impacts
on the society and potential policy and mitigation options.
In Guizhou Province there are several considerable sources of Hg
to the environment. The releases are both as direct discharge to
water from mine tailings and industrial contaminated sites and to
the atmosphere from coal combustion, metals smelting and other
sources.
Concentrations of Hg in the environment, focusing in water,
agricultural soils, rice and important vegetables have been measured
in four different regions of the province. The surveys reveal that
high concentrations are found in some highly contaminated areas
(especially in the Wanshan Hg mining area), but show that in
general Hg concentrations in water, soil and agricultural products
are low. Exposure to Hg to the population from fish consumption
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is very low, contrary to the well known problems in Europe and
North-America, due to different environmental conditions, short
aquatic food chains as well as generally very low fish consumption.
Rice, on the contrary is the major pathway for methylmercury
exposure.

sediment by this method or that there is an artifact that cannot
accurately be quantified with traditional isotopic labeling methods.

FG9-O3
MIGRATION EXPLAINS VARIATIONS OF MERCURY
CONCENTRATIONS IN PISCIVOROUS BIRDS

RG1-P33
COMPARISON OF TWO METHODS FOR THE
MEASUREMENT OF METHYL MERCURY
CONCENTRATIONS IN PENOBSCOT RIVER SEDIMENTS
1

2

3

LASORSA, Brenda , GILL, Gary , FLETT, Robert J. ,
4
HINTELMANN, Holger
(1) Battelle Marine Sciences Laboratory, brenda.lasorsa@pnl.gov (2)
attelle Marine Sciences Laboratory; (3) Flett Research Ltd.; (4) Trent
University.
The Penobscot River and Estuary is presently the focus of a
large multidisciplinary ecosystem study to investigate mercury
contamination released over several decades from a now defunct
chlor-alkali facility. The project has a rigorous QA/QC program,
including analytical intercomparison studies which revealed a
large discrepancy in sediment monomethylmercury (MMHg)
concentrations between the distillation method (Horvat, et al.,
1993) and the extraction technique (Bloom, et al, 1997) for sample
preparation. When the laboratories conducted measurements
based on distillation for the preparation of sediment samples,
they recovered significantly more MMHg. This discrepancy was
limited to field samples; it was not seen in any of the Quality
Control samples (SRMs, blank spikes, matrix spikes, etc.). Initially,
it was assumed that the discrepancy was due to the inorganic
mercury methylation artifact previously described by Bloom et al.
(1997) in which sediments with high concentrations of inorganic
mercury formed MMHg during the distillation process. This
hypothesis was subsequently not supported based on tests using
species-specific stable mercury isotope additions to monitor for
production of MMHg. To examine the nature and extent of the
difference, approximately 200 sediment samples collected along
the entire length of the river were analyzed by both methods. A
subset of samples was also analyzed by a third method using KOH/
Methanol digestion. All sample distillates, extracts or digestions
were analyzed by aqueous-phase ethylation followed by cold vapor
atomic fluorescence detection. The samples prepared by distillation
recovered an average of 2.13 times that recovered by extraction
2
(n=184) with a correlation (r ) of 0.92. The discrepancy range was
0.94 to 4.75. The samples collected in downstream end of the study
area tended to have a larger discrepancy between the preparation
methods than the samples collected in the upstream collection areas.
The data for samples analyzed by the KOH/Methanol digestion
correlated more closely with the extraction preparation technique
than with distillation. Our current working hypotheses to explain
this discrepancy are that the extraction method is not capable of
isolating specific forms of MMHg (i.e. bound in specific substrates)
leading to under-recovery of the available MMHg present in the
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LAVOIE, Raphael A. , KYSER, T. Kurt , CAMPBELL, Linda M.
(1) Biology Department, Queen’s University, lavoie.raphael@gmail.
com (2) Geological Sciences & Engineering, Queen’s University.
Birds can be efficient biovector transport agents between ecosystems
(e.g., through feather molting), but to date little is known on the
contribution of each ecosystem in explaining variations in mercury
(Hg) concentrations within and among species. The objective of
this study was to test whether migration explains variations in
Hg concentrations observed in migratory fish-eating birds. Two
migratory piscivorous bird species, the double-crested cormorant
(Phalacrocorax auritus; short migrant) and the Caspian tern
(Hydroprogne caspia; long migrant) were caught during the breeding
season in Lake Ontario (Laurentian Great Lakes) and feathers
grown during the winter were collected to analyze for total Hg and
13
15
stable carbon (δ C), nitrogen (δ N) and hydrogen (δD) isotopes.
Results indicate that a proportion of individuals had higher total
Hg concentrations than the adverse effect threshold for adult
piscivorous birds with concentrations ranging from 1.6 to 165 μg
-1
• g fresh weight. Isotopic values were highly variable with δD
13
ranging from -83 to 105‰, δ C ranging from -29.4 to -8.7‰, and
15
δ N ranging from 8.8 to 21.1‰ which indicates high intra- and
inter-specific migration patterns and Hg exposure. Stable hydrogen
isotope was the best predictor of total Hg and strong positive
relationships were found for both species and this suggests that i)Hg is readily bioavailable in southern locations or ii)- that Hg affects
vital processes which can alter isotopic fractionation of hydrogen.
13
High total Hg values were associated with high δ C values (marine
habitats) and δD values (southern habitats) suggesting elevated Hg
accumulation in those habitats. No clear relationship was observed
15
between total Hg and δ N suggesting that input of anthropogenic
nitrogen or trophic level are not significant factors affecting Hg
accumulation in this context. Location where breeding occurred
partly explained Hg levels in wintering grounds and this suggests a
carry-over effect from breeding grounds. Alternatively, it suggests
that migratory connectivity between breeding and wintering
habitats is strong. This research project allowed understanding the
effect of migration on Hg concentration in aquatic birds and the
importance of biovector transport of Hg through birds.
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FS10-O1
WHO NEEDS MERCURY RESISTANCE GENES AND HOW
DO THEY WORK SO WELL?
1

2

(4) Pantanal’s Limnology, Biodiversity and Ethnobiology Research
Center (CELBE-UNEMAT), Mato Grosso State University, Brazil; (5)
Department of Environmental Chemistry, Institute of Environmental
Assessment and Water Research (IDÆA-CSIC), Barcelona, Spain.
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Baoyu , GUO, Hao-Bo , OLLIFF, Lynda , NAUSS, Rachel , PARKS,
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Jerry M. , JOHS, Alexander , PURVINE, Samuel O. , ZINK, Erika
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M. , LIPTON, Mary S , LIANG, Liyuan , SMITH, Jeremy C.4,
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MILLER, Susan M. , SUMMERS, Anne O.
(1) University of Georgia, slavoie5@gmail.com (2) Univ. of CaliforniaSanFrancisco; (3) Univ. of California-San Francisco; (4) Ctr. Molec.
Biophys, UT-ORNL; (5) Ctr. Mol. Biophys, UT-ORNL; (6) Environ.
Sci. Div, ORNL; (7) Env. Molec. Sci. Lab, Pacif. NW Nat. Lab; (8)
Environ. Sci. Div., ORNL.
Organisms that respire oxygen widely employ sulfur and selenium
in macromolecular catalysts, informational molecules and related
metabolites, making them (including us!) vulnerable to mercury
compounds that bind strongly to these essential chalcogens.
Nonetheless, creatures ranging from bacteria to humans routinely
survive even very intense and prolonged contact with many forms
of Hg that are demonstrably toxic in laboratory conditions. Drawing
on recent published and unpublished observations, this presentation
will cover two approaches we take to dissect the paradoxes of
Hg toxicity. One approach is to define the “Hg exposome” of the
model microbe E. coli using high-throughput global proteomics to
identify its most vulnerable proteins as well as various biophysical
techniques to identify non-protein targets of Hg. In addition to
understanding the molecular basis of Hg intoxication, we aim to
develop evolutionarily conserved specific and sensitive biomarkers
of Hg exposure for environmental and public health applications.
Our second approach is to understand the mechanism of the Hg
resistance (mer) locus widely found in bacteria and archaea. This
co-regulated suite of enzymes and transporters converts organic
mercurials to inorganic ionic mercury and thence to volatile,
monoatomic Hg(0) vapor which diffuses from their environment.
Recent biochemical, biophysical and computational analyses
reveal how the enzymes interact with each other and how the
transcriptional regulator distinguishes Hg(II) from closely related
metal ions. The mer system has evolved in prokaryotes from
ubiquitous and ancient housekeeping genes, becoming tuned over
millennia to deal precisely and efficiently with just the kinds of
damage that Hg inflicts. Unfortunately, while higher organisms have
many Hg-vulnerable proteins, none has an equivalent of the mer
locus, although the bacterial detoxification enzymes work well in
plants engineered for bioremediation.

The toxic potential of Hg in aquatic systems is due to the presence
and production of methylmercury (MeHg). Recent studies on MeHg
production in tropical floodplain environments show that the roots
zone of floating macrophytes are able to produce more MeHg than
the water column and sediments of the open water zone of lakes
and rivers. Indeed, the greater capacity for synthesis of MeHg by
the roots of aquatic macrophytes is attributed to the periphyton
associated with them. The communities architecture is given
from the relationship between the chemical of a primary bacterial
carpet and successional stages of a variety of bacterial strains (e.g.
sulphate-reducing bacteria), autotrophic microorganisms (algae),
and the relationship between the periphytic matrix, the water
column and the substrate. We have hypothesized that the algal
community structure may explain the potential methylation, given
that ecologically distinct communities have different algal and
bacterial densities, which can directly affects the formation of MeHg
in the macrophytes roots. In this sense, this study aimed to evaluate
the production of MeHg in the roots of Eichhornia crassipes (Mart.)
Solms in relation to taxonomic structure of the associated periphytic
algae assemblage in two Pantanal’s floodplain lakes under different
ecological conditions due to their different lateral hydrological
connectivity patterns with the Paraguay river. The biological and
limnological characteristics showed clear differences between both
lakes (i.e. the disconnected lake is more concentrated, showing
higher levels of electrical conductivity, higher pH and less dissolved
oxygen concentrations in relation to the connected lake). Moreover,
the production of MeHg was higher in the disconnected lake and
also exhibited a strong positive relationship with the abundance of
the class Cyanophyceae and with the total algal biomass, together
with a strong negative relationship with the class Zygnemaphyceae
in the lake’s community. Apparently, the same ecological
characteristics that favor the establishment and development of
cyanobacteria (specially some species of the genus Lyngbya) are
those that provide higher rates of methylation in aquatic systems.
This suggests that cyanobacteria could be active bioindicators of
MeHg production in some natural aquatic environments.

RG9-P10
FRESHWATER TURTLE (MAUREMYS LEPROSA) AS
ENVIRONMENTAL SENTINEL SPECIES OF MERCURY
CONTAMINATION
1

TS10-P13
ARE CERTAIN PERIPHYTON COMMUNITIES MORE
RESPONSIBLE OF METHYLMERCURY PRODUCTION
THAN OTHERS? AN HYPOTHESIS TESTED IN TWO
FLOODPLAIN LAKES IN THE PANTANAL OF MATO
GROSSO, BRAZIL
1
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LÁZARO, Wilkinson L. , GUIMARÃES, Jean R.D. , IGNÁCIO,
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Áurea R.A. , DA SILVA, Carolina J. , DÍEZ, Sergi S.
(1) Pantanal’s Limnology, Biodiversity and Ethnobiology
Research Center (CELBE). Mato Grosso State University, Brazil,
wilkinsonlopes@hotmail.com (2) Tracers Laboratory, IBCCF, Rio
de Janeiro Federal University (UFRJ), Rio de Janeiro, Brazil; (3)
Neurotoxicology laboratory, Mato Grosso State University, Brazil;

WWW.MERCURY2011.ORG

2

LÁZARO, Wilkinson L. , FRANCH, Marc , FERNÁNDEZ3
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GÓMEZ, Cristal , SANPERA, Carola , JOVER, Lluís , LLORENTE,
2
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Gustavo , DÍEZ, Sergi
(1) Biodiversity and Ethnobiology Research Center, CELBE-UNEMAT,
wilkinsonlopes@hotmail.com (2) University of Barcelona, UB; (3)
Institute of Environmental Assessment and Water Research, IDAEACSIC.
Turtles are excellent environmental indicators that have been shown
to be effective biomonitors of mercury contamination. Because
of their long lives, feeding in aquatic ecosystems and relatively
high tropic position in the food web, they have the potential to
bioaccumulate significant levels of mercury.
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Total Hg (THg) concentrations in blood were determined for
freshwater turtle Mauremys leprosa from three different areas in
Spain: a long-term Hg-contaminated reservoir in the Ebro river
(FR), a river basin impacted by industrial and urban activities (AB)
and a pristine site (OR). Additionally, THg concentrations also
were determined in samples of claws collected from the hot spot.
We also determined whether body size, weight, sex and sexual
maturity significantly affect THg levels in blood by regressing logtransformed THg against different variables.
Significant differences in THg levels (median ± SD in μg/g dw) in
blood were found among sites, FR 1.4±0.21 >> AB (0.82±0.32) > OR
(0.72±0.32), suggesting that blood can be used as a bioindicator of
Hg exposure in turtles. In addition, values in claws were very high
(2.54±2.16) ranged from 0.70 to 9.05 μg/g.
Because the feeding ecology of this species differs drastically
depending of the area, stable isotope signatures of carbon and
nitrogen were employed to fulfil the relationship between relative
trophic position, feeding habits and THg. Interestingly, positive
correlations were obtained between body size and both stable
isotopes in the hot spot. This highlights that there are quite marked
changes in feeding habits during stage development of turtles, both
in the trophic level and in the foraging habitat they seek in different
depths of the reservoir.
In sum, our results suggest that blood and claws provide valid
means for estimating Hg burdens in freshwater turtle, and that these
nonlethal monitoring tools may also prove valuable for establishing
turtles as sentinel species for aquatic environments.

RG15-O17
WHEN DOES TOTAL AND METHYL MERCURY LOADING
FAIL TO PREDICT FISH MERCURY CONTAMINATION –
THE LAKE ST FRANCIS, ST. LAWRENCE RIVER EXAMPLE
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(1) Lean Environmental, drslean@gmail.com (2) Clarkson University,
Potsdam; (3) St. Lawrence River Institute of Environmental Sciences;
(4) Raisin Region Conservation Authority.
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Lake St. Francis is a fluvial lake (254.2 km ) in the St. Lawrence
River with shores in Quebec and Ontario, Canada and New York,
USA. Here the consumption of large fish has been restricted for
decades as a result of legacy contamination present in the sediments
from industrial discharge and non-point sources (tributaries). The
influence of tributaries on mercury loading and cycling remains
unclear. In this study, we explored the relationships between total
and methyl mercury to the water chemistry to identify pathways
of fish mercury contamination. Chromophoric dissolved organic
material (CDOM) was measured continuously using a Turner
Designs 10-AU fluorometer along the 2m contour. Values for
CDOM were compared with direct measurements of dissolved
organic carbon (DOC) and values were more than 10 times higher
in tributaries with much of the colour from altered wetlands in the
headwater region. Along both the north and south shores, values for
total and methyl mercury were correlated to CDOM and DOC and
were much higher in the tributary water. Measurements were made
in May, August and October 2009. Chlorophyll a was measured by
filtration in ecologically significant size classes of pico (0.2 to 2 μm),
nano (2-20 μm), and micro (>20 μm). Specific conductivity was a
WWW.MERCURY2011.ORG

useful tracer for streams with high conductivity along the northern
shore and low conductivity for streams from the Adirondack
Mountains, USA flowing into the south shore. Our objective was
to determine the relative importance of the high load from the St.
-1
-1
Lawrence River(129,000 g THg y and 7000 g MeHg y ) resulting
3 -1
from the high volume (annual discharge 6,900 m s yet low
-1
-1
concentrations (ca 500 pg L THg and 50 pg L MeHg) along with
low concentrations of DOC and CDOM. These values compare with
-1
the loading from north shore tributaries of about 280 g THg y and
-1
50 g MeHg y and loadings from south shore tributaries 10 times
higher. Although about 4 times higher concentrations of total and
methyl mercury, loadings from the tributaries are much lower than
in the St. Lawrence River. However, tributary mouths as preferred
fish habitat suggest a larger influence on fish concentrations than
mass balance calculations would suggest. In addition, the loading of
the St Lawrence is channelled through the dredged ship channel and
is restricted from circulation with either the north or south parts of
Lake St. Francis.

RG11-P16
CAPACITY BUILDING AND KEY LEARNING POINTS
DURING THE DEVELOPMENT OF THE MERCURY
RISK MANAGEMENT PLAN FOR THE WESTERN CAPE
PROVINCE, SOUTH AFRICA
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pgwc.gov.za (2) D:EADP; (3) UNITAR; (4) University of Connecticut,
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The Provincial Risk Management Plan for the Western Cape project
was initiated through funding obtained from the USEPA, and
managed by the UNITAR. The information obtained included a
Situational Analysis of Mercury in the Western Cape, a Mercury
Risk Management Plan, a Hg inventory which links to the Pollutant
Release and Transfer Register, as well as an assessment for setting up
a Mercury Monitoring System for the Western Cape Province. The
process followed and the information obtained in the project was
used to strengthen capacity and understanding of mercury sources,
fate and transport in the Western Cape. The knowledge gained in
the assessment was used to develop capacity on Hg sources, fate and
transport in other Provinces, through a multi-stakeholder workshop,
thereby supporting national level activities in South Africa. The
procedures followed, and the key findings of the assessment will be
outlined, as well as the key learning points established during the
project.

RS13-P4
MERCURY UPTAKE AND TRANSPORT IN THE MARINE
ENVIRONMENT
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LEANER, Joy , KEENAN, Helen. E , GESAMP WG 37
(1) GESAMP Working Group 37, jleaner@pgwc.gov.za (2) GESAMP
Chair Working Group 37; (3) GESAMP.
It has been widely reported that methylation of mercury (Hg) into
its toxic methylmercury (MeHg) form occurs by biotic and abiotic
processes, and that the transformation processes are influenced by
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several factors such as pH, temperature, sulphate deposition, and
availability of biodegradable organic carbon. Although the marine
environment acts as a sink for Hg and its compounds, it is probably
one of the least understood in terms of Hg transformation processes
and its bioavailability and bioaccumulation in biota. This paper
reviewed the pathways of Hg in terms of its speciation, uptake and
transport in the marine environment and associated biota. The
review indicates a paucity of data on Hg in the marine environment.
As can be expected piscivorous predators in the marine
environment have relatively higher MeHg concentrations in blood
than non-piscivorous animals in the terrestrial environment. A
comparison of Hg exposure and impacts in New Zealand, Seychelles
and the Faroe Island is also made, and recommendations for further
research in the marine environment are presented.

MG14-P16
MERCURY EXPOSURE AND COLOR VISION IMPAIRMENT
IN SCHOOLCHILDREN
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Chul , KIM, Dae-Seon
(1) Department of Health Science, Far East University, Korea, (2)
Department of Optometry, Masan University, Korea; (3) National
Institute of Environmental Research, Korea.
Objectives
This study was designed as a cross sectional study in order to find
out the evidence of the relationship between mercury exposure and
color vision impairment .
Methods
A total of 601 children (3rd to 6th grade) attending 9 elementary
school of some area in Korea participated in this study. Total
mercury in blood, urine and hair samples from school children
was analysed using Gold amalgam method. Color vision was
assessed with Isihara test and Han’s 15 Hue test and Lanthony
D-15 desaturated test. In visual effect from mercury exposure,
inclusion criteria were Sellen(VA 20/33) and Hans(VA 0.6) or
better and absence of known ophthalmologic pathologies. 516 of
total 601 subjects were assessed for color vision impairment with
mercury exposure to the exclusion of 17 congenital impairments by
Ishihara test and 76 subjects less than VA 0.6. Acquired color vision
impairment was detected from 72 subjects.
Results & Discussion
The geometric mean of mercury of acquired color vision
impairment group were 2.46 μg/L in blood, 1.00 μg/g in hair, and
were significantly higher than those from normal group, which were
2.23 μg/L in blood, and 0.76 μg/g in hair, respectively(p<0.05). On
the other hand, the geometric mean of urine mercury of acquired
color vision impairment group was 1.73 μg/g creatinine, and was
higher than that from normal group, which was 1.40 μg/g creatinine,
but did not show statistical significance. Total subjects were
divided into two groups, upper and lower mercury concentration
group, based on the median value of total mercury concentrations.
The frequency of color vision abnormality in upper mercury
concentration group was significantly higher than that of low
concentration group in hair and urine (p<0.01). The frequency of
blue-yellow and complex color vision impairment in upper mercury
concentration group was significantly higher than that of low
concentration group in hair (p<0.05). Authors found some clues that
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mercury exposure may influence color vision from this study and
convinced visual test could be an indicator of mercury exposure.

MG4A-P15
DETERMINATION OF BROMIDE IN NADP/NTN WET
DEPOSITION SAMPLES AND ITS SPATIAL AND
TEMPORAL CORRELATION WITH NORTH AMERICAN
MERCURY WET DEPOSITION
1
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LEHMANN, Christopher , GAY, David , GREEN, Lee , DOMBEK,
1
Tracy
(1) University of Illinois, Urbana-Champaign, clehmann@illinois.edu
Bromide is released into the environment via natural and
anthropogenic processes. Brominated flame retardants are used
widely in a wide variety of products, while methyl bromide is a
fumigant applied before and after harvest for a variety of fruits
and vegetables. Methyl bromide is classified as an ozone-depleting
substance, and its use is strictly regulated and monitored by the
U.S EPA. Research has linked bromide oxidation of elemental
mercury in the atmosphere to enhanced deposition of mercury to
the terrestrial environment. Therefore it is of interest to determine if
there is any correlation in time and space between oxidized forms of
bromine and mercury wet deposition.
The NADP is evaluating bromide as an additional analyte for its
244-site National Trends Network (NTN) and 7-site Atmospheric
Integrated Research Monitoring Network (AIRMoN). Bromide
concentrations have been measured in all NTN and AIRMoN
samples since June of 2009. Additional funding was provided by the
U.S. Geological Survey to evaluate bromide concentrations in NTN
archive samples. Archive samples from 2001 and 2002 were selected
based upon geographical locations and agricultural activities in
those areas. Spatial and temporal trends are evaluated and presented
from the data obtained for 2001-2002 and 2009-2010. Initial spatial
trends indicate that the highest wet concentrations of bromides are
in the Rocky Mountains and along the Gulf and East Coast of North
America.
Data from the National Atmospheric Deposition Program/Mercury
Deposition Network (NADP/MDN) indicate significant trends
have occurred in the deposition of mercury in certain regions of the
United States (U.S.). Collocated bromide wet deposition samples
are studied to determine whether there exists a relationship between
mercury and bromide concentrations.
A rank correlation is evaluated between bromide and mercury
concentrations to determine the potential relationship between
these species in wet deposition patterns. In general, the highest
concentrations of bromide are coincident with mercury
concentrations occur in precipitation in regions including the
Southeastern U.S. northward through New York State. High
bromide to mercury concentrations in precipitation are widely
scattered throughout the continental U.S.
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TS14-P19
MERCURY IN ARCTIC MARINE ECOSYSTEMS: SOURCES,
PATHWAYS, EXPOSURE AND POLICY
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Canada; (3) Gothenburg University; (4) University of Northern
British Columbia; (5) Fisheries and Oceans Canada; (6) Enivronment
Canada.
The main exposure pathway of methylmercury (MeHg) to
humans is through the consumption of marine-based foods. The
ability to link atmospheric Hg deposition, MeHg sources and
bioaccumulation in marine ecosystems to human exposure is
therefore crucial to mitigate environmental and health impacts of
Hg contamination. The Arctic region poses many unique challenges
to researchers trying to address these issues, both from a physical
science and human/social science perspective. For example, Arctic
marine ecosystems are free from Hg point sources but not from
long-range transport of Hg originating from emissions in Europe,
Asia and North America; atmospheric inputs are enhanced due to
atmospheric Hg depletion events; sea-ice is an important, but as of
yet unquantified, controlling factor for a number of processes such
as air-water gas exchange and photochemical transformations; and
climate change will continue to impact Hg cycling in the Arctic
in drastic ways. From a social perspective, human exposure is a
particularly salient issue for Inuit populations across the Arctic
relying on a traditional diet comprised primarily of marine country
foods such as fish, seal and beluga. For example, Hg concentrations
-1
-1
in beluga (1-39 μg g in livers) and seal (5-35 μg g in livers) tissues
can be extremely high and well above consumption guidelines for
-1
Hg in fish (generally between 0.3-0.5 μg g ). However the cultural
and health (e.g., source of omega-3 fatty acids) benefits of country
foods are also very important considerations. We will present here
an overview of the state-of-knowledge of Hg science in Arctic
marine ecosystems, starting from external inputs (e.g., atmosphere,
rivers) to in-ocean processes (e.g., methylation/demethylation),
bioaccumulation and spatial/temporal trends in marine organisms,
and human exposure and health considerations, identifying gaps
that need to be addressed in the future. Finally, relevant policy
questions with respect to fate, transport, cycling, human health and
risk communication will be addressed where possible.

RS4-O8
METHYLMERCURY CYCLING IN HIGH ARCTIC
WETLANDS: WHAT ARE THE CONTROLS ON MEHG
PRODUCTION?
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LEHNHERR, Igor , ST. LOUIS, Vincent L. , KIRK, Jane L.
(1) University of Alberta, lehnherr@ualberta.ca (2) Environment
Canada.
Some freshwater fish in the Canadian Arctic contain levels of
methylmercury (MeHg) that pose health risks to Inuit peoples
harvesting these species as traditional food. In temperate regions,
wetlands are known sources of MeHg; however, the importance
of wetlands to Hg methylation in the Arctic is unclear and
the sources of MeHg to arctic freshwater ecosystems are still
unidentified. The objective of this study was to quantify MeHg
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production in wetland ponds near Lake Hazen (81°N, Ellesmere
Island, Canada) and determine the biogeochemical controls on
MeHg production. To quantify net in-pond production of MeHg
during the summer seasons of 2005, 2007 and 2008, mass-balance
budgets were constructed for two wetland ponds (Ponds 1 and 2)
by measuring external MeHg inputs from atmospheric deposition,
MeHg losses from photodemethylation, and changes in MeHg
storage in the water column. Compared to nearby lakes, ponds
(n=16) had elevated water MeHg concentrations (0.05-1.5 ng/L)
and a high proportion of total Hg in the MeHg form (4-60%),
suggesting that methylation is enhanced in those systems. MeHg
2
inputs from precipitation were small (0.026-0.051 ng/m /d).
Photodemethylation was a sink for 77-122% of MeHg produced
in-pond, and was controlled by the attenuation of UV-A radiation
in the water column. In-pond MeHg production ranged from 14-40
2
2
ng/m /d in Pond 1 and 1.7-1.9 ng/m /d in Pond 2, comparable to
values reported for temperate/boreal lakes and wetlands. Flooding
of the Pond 1 wetland in 2008 due to rising water levels in nearby
Lake Hazen resulted in increased MeHg production. Additionally,
potential rates of Hg(II) methylation were quantified in intact
sediment cores (n=29) from a number of ponds using Hg stableisotope tracers to identify the factors controlling MeHg production.
Potential methylation rates were high and exhibited nearly as much
intra-site as inter-site variability. Sediment MeHg concentrations
were significantly correlated to methylation potential and sediment
total-Hg concentrations. Furthermore, pond water MeHg
concentrations were positively correlated with sediment MeHg
concentrations, indicators of anaerobic microbial decomposition
+
of organic matter (pCH4, NH4 /NO3- ratio), and negatively
correlated with UVA exposure and particulate carbon. However,
no correlation with organic matter or sulfate was observed.
Overall, our results demonstrate that Arctic wetland sediments are
sources of MeHg comparable to freshwater sediments in temperate
latitudes and that MeHg concentrations in water are controlled by
production in sediments – itself a function of anaerobic microbial
activity, methylation potential and Hg(II) availability – as well as
photodemethylation in the water column.

MG14-P17
ESTIMATED INTAKE LEVELS FOR FINNISH CHILDREN OF
METHYLMERCURY FROM FISH
1

LEINO, Olli
(1) THL, olli.leino@thl.fi
Methylmercury (MeHg), a well known neurotoxic agent,
biomagnifies in aquatic food webs into predatory fish. Generally,
consumption of MeHg contaminated fish is the most significant
environmental source of mercury exposure in humans. For several
reasons, infants and children are more susceptible to adverse effects
of contaminant exposure than adults. MeHg intake data in children
is often sparse, indeed this is the first study conducted in Finland.
We examined gender-specific fish consumption of all species
most commonly consumed by Finnish children aged 1 to 6 years,
determined total mercury concentrations in the fish, and derived
age-specific MeHg intakes in the children. The MeHg intakes were
compared to the tolerable daily intakes set by international expert
bodies, and the proportion of the population to exceed them was
studied. The intakes were described as probability distributions.
The data used corresponds to years 2002-2005. The daily intake of
MeHg ranged from zero to 0.33 μg/kg bw. The strictest reference

179

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
value 0.1 μg/kg bw/d for MeHg proposed by U.S.EPA was exceeded
by 1-15 % of the study population. The less strict FAO/WHO JECFA
provisional tolerable weekly intake of 1.6 μg/kg bw was exceeded
by 1% of boys and 2.5% of girls aged six years. Intakes by girls
were higher than by boys at the age of one, whereas for three-year
olds they were the opposite. The highest intakes were observed
for 6-year-old boys and girls. As generally recognized, we found
that MeHg concentration in fish is strongly related to certain fish
species, and the estimated MeHg intakes varied remarkably between
individual and age. The results emphasize the need for evaluating
children’s MeHg exposure.

RG8-P4
DOES THE VERTICAL MIGRATION OF THE
PHANTOM MIDGE CHAOBORUS AFFECT MERCURY
BIOMAGNIFICATION IN LAKES?
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The phantom midge Chaoborus (Insecta, Diptera), a well known
invertebrate predator of plankton, has been described as a poor
conveyor of methylmercury (MeHg) to upper trophic levels. We
investigated the bioaccumulation and biomagnification capacity
of three different Chaoborus species through their ontogenic
development in an ecological context. We hypothesized that
bioaccumulation and biomagnification of those larvae are related to
the concentration of ingested prey. However, Chaoborus responds
to fish predator by vertically migrating in the water column which
affects their feeding activities. We thus expected that spatial
segregation between habitat refuge and habitat resource would
alter their capacity to biomagnify MeHg. All Chaoborus species
bioaccumulated MeHg through their ontogenic development, and
MeHg concentrations were related to aqueous concentrations.
However, in the lake inhabited by fish, all instars of C. punctipennis
characterized by a marked migrating behavior in food-depleted
deep waters or sediment were not able to biomagnify MeHg whereas
in the fishless lake C. americanus and C. trivittatus showing weaker
vertical migration patterns biomagnified MeHg. Dietary and growth
dilution effect could not explain such pattern of biomagnification,
15
nor the trophic position according to δ N stable isotope analysis
which were equivalent among species. Moreover, reduced
biomagnification capacity of C. trivittatus, the coexisting species
living with C. americanus was also ascribed to a progressive spatial
segregation during larval development among the two coexisting
species. Our findings demonstrate that vertical migration affects
the biomagnification capacity of the most common invertebrate
predator of planktonic food webs.

MS11-O4
A CAPTIVE DOSING STUDY TO DETERMINE THE EFFECTS
OF MERCURY ON STRESS, THYROID FUNCTION, AND
REPRODUCTION
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Mercury is a ubiquitous environmental contaminant associated
with a host of adverse effects in wild birds. Although songbirds
accumulate mercury at rates equivalent to well-studied species,
the effects of mercury bioaccumulation in songbirds remain
understudied. Songbirds are an important part of many ecosystems
and a growing number of species are experiencing precipitous
declines. Little is known about mercury’s effect on endocrine
physiology, yet mounting evidence indicates that mercury may
disrupt the function of the Hypothalamic-Pituitary-Adrenal (HPA)
and Hypothalamic-Pituitary-Thyroid (HPT) axes. The HPA and
HPT axes play fundamental physiological roles in stress responses,
metabolic activity, development, and reproduction. Hence, proper
functioning of these endocrine systems is imperative in maximizing
individual fitness. Correlations from studies of environmental
exposure suggest that mercury may alter levels of the primary
avian stress hormone, corticosterone, as well as thyroid hormones
T3 and T4. Thus, mercury exposure may compromise fitness
through deregulation of the HPA and/or HPT axes. Adult zebra
finches, a model system songbird, dosed with 0, 0.5, and 1.0 ppm
dietary methylmercury (environmentally relevant levels) were
sampled for corticosterone after 10 weeks. Birds were re-sampled
approximately 25 weeks later while caring for late-stage fledglings.
Corticosterone was not statistically significantly affected by mercury
treatment. However, there were indications of a slight decrease
in corticosterone with increasing mercury exposure. There was
no effect of mercury exposure on total T3 (a thyroid hormone)
levels, although a highly significant effect of sex was detected.
A sex-based difference in T3 concentration in reproductively
active songbirds has not been reported in the literature. There
was no significant effect of mercury exposure on another thyroid
hormone, T4, however, females in the high dose group had higher
concentrations of the hormone than control or low-dose females.
As T4 facilitates the onset of metabolically costly seasonal processes,
increased concentrations in reproductively active birds may be
maladaptive and additional research into possible mechanisms is
needed. We are currently investigating the effects of mercury on T3
and T4 in juvenile and nestlings, which have shown responses to
environmental mercury doses.

FG9-O12
CHEMICAL SPECIATION OF METHYLMERCURY AND
SELENIUM IN DIFFERENT TISSUES OF BELUGA WHALE
FROM THE BEAUFORT SEA REGION
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(1) University of Manitoba, lemes@cc.umanitoba.ca (2) Department
of Fisheries and Oceans (DFO).
Concentrations of mercury (Hg) have risen substantially in the
past decades in apical predators (e.g., polar bears, beluga whales)
in the Arctic region. The concentrations of total methylmercury
(MeHg), the most bioavailable form of Hg for biomagnification and
-1
neurotoxicity; in beluga typically range from 0.35 to 3.16 μg g (wet
-1
wt.) in muscle and 0.11 to 6.13 μg g (wet wt.) in liver, frequently
-1
well exceeding the Canadian guideline of 0.5 μg g (wet wt.) for
MeHg in fish for human consumption. This raises concerns over
the health of marine mammals as well as the health of Northerners
who consume these animals as part of their traditional diet.
With the recent development of a new high performance liquid
chromatography – inductively coupled plasma mass spectrometry
(HPLC-ICP-MS) technique for MeHg speciation, here we report,

180

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
for the first time, the distribution of various MeHg species, as well
as selenium (Se), in different tissues (e.g., muscle, liver, kidneys and
brain) of beluga from the Beaufort Sea region. Our results show
that the dominant species of MeHg in all the tissues analyzed is
MeHg-cysteine complex, a specific form of MeHg that is believed to
be able to transport across the blood-brain barrier. Another MeHgthiol complex, MeHg-glutathione complex, was also detected in the
muscle and liver tissues, supporting the involvement of glutathione
in the in vivo detoxification of MeHg. Furthermore, a profound
inorganic Hg peak was detected in the liver at the same retention
time as a Se peak, suggesting the presence of a Hg-Se compound,
most likely an inorganic Hg complex with a seleno-amino acid. Our
results provide the first analytical support that the binding of MeHg
with glutathione and Se may have protected beluga from the toxic
effect of high concentrations of MeHg in their body. Further studies
are undergoing to probe the identity of this Hg-Se compound,
and to study the uptake and detoxification mechanisms of MeHg
at various trophic levels in the Arctic marine ecosystems. Such
molecular level understanding will shed new light on how Arctic
animals are coping with Hg contamination and on the development
of remediation strategies.

and symptoms of Se toxicity were observed. P-Se concentrations
were associated with beneficial outcomes: lower prevalence of
age-related cataracts and improved performance on tests of motor
functions, and these associations were stronger when taking into
account blood Hg (B-Hg) exposure. When stratifying multiple
regression analysis by risk groups (low and high P-Se and B-Hg),
P-Se was positively associated to health outcomes but only when
B-Hg was high, while B-Hg was negatively associated to several
outcomes, and this, also when P-Se is high. In this population where
we see deleterious effects of Hg, the median B-Se to B-Hg molar
ratio was 22.7 and ranged from 1.7 to 137.
There are increasing evidences showing that a high dietary Se intake
may play a role in offsetting some deleterious effects of Hg, and this,
without evidence of Se-induced toxicity. However, the beneficial
effects of Se may not be necessarily observed in a population with
low Hg exposure and Se may not offset all Hg-induced toxic effects
in fish-eating populations. Public health advisories should avoid
simplifying the Se-Hg interaction debate since the risks and benefits
of Se on human health are still complex questions to answer.

RG1-P22
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MANIPULATION OF GOLD SURFACES FOR THE
PRECONCENTRATION OF MERCURY SPECIES FROM
WATERS

SELENIUM AND MERCURY OPPOSING INFLUENCES
IN FISH-EATING POPULATIONS OF THE BRAZILIAN
AMAZON
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Amazonian riverside communities have the highest reported
mercury (Hg) exposure in the world today. Selenium (Se)
is an essential element and anti-oxidant involved in several
body functions through selenoprotein expression. It has been
suggested that selenoproteins may be key targets of Hg toxicity
and dietary high Se intake may restore selenoproteins involved
in mitigating Hg-mediated oxidative stress, although animal and
epidemiological studies are still inconsistent. Elevated plasma Se
(P-Se) concentrations have been associated to type-2 diabetes,
hypercholesterolemia and/or hypertension, and very high blood Se
(B-Se) status (B-Se ≥1000μg/L) has been associated to hair and nail
loss, gastrointestinal problems and paraesthesia. However, other
studies have shown a negative association between B-Se and blood
pressure, and no association with type-2 diabetes prevalence or
motor outcomes.
In our study conducted in 2006 in the Lower Tapajós Region, Se
status ranged from normal to high (B-Se median: 228μg/L, range
103-1500μg/L, N=448). Brazil nuts constituted the most important
source of Se (10X more than fish); other foods, including some local
freshwater fish species, eggs, meat, chicken, and game meat also
contributed to Se intake. Very few participants reported diabetes
(1.1%), and despite high levels of Se in some individuals, no signs
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We recently developed a flow injection analysis system coupled to
atomic fluorescence spectrometry (AFS) for the quantification of
total dissolved Hg from waters [1]. For the preconcentration of Hg
species a nano-structured gold surface was generated from smooth
gold surfaces by adsorbing and thermally desorbing elemental
0
0
mercury (Hg ). Smooth gold surfaces selectively trap only Hg via
an amalgamation process, whereas nano-structured, catalytically
active gold surfaces adsorb all dissolved mercury species. In both
cases release of mercury can be achieved by thermal desorption.
These procedures can be used as preconcentration steps in analytical
methods for total Hg determination or Hg speciation in waters,
respectively. However, an online regeneration step for selective
collectors has to be worked out that enables smoothening of
roughened surfaces in-between the measuring cycles.
A smooth gold surface (selective collector) is regained from a nanostructured surface by re-orientation of gold atoms within 14 days at
room temperature [2]. In order to recreate a smooth and selective
surface within minutes different procedures and treatments of the
gold surfaces were tested. The gold collector was exposed to various
reagents (HCl, H2O2, ascorbic acid) irradiated with ultraviolet light
(λ = 254 nm). Thereby free radicals (•OH, •OOH) of high standard
reduction potential are formed and react with the active sites of
a nano-structured gold surface. The adsorption rates of different
mercury species onto the manipulated gold surfaces were measured
by AFS. Changes of the surface structure were characterized
by atomic force microscopy. A comparison of these data for all
performed experiments will be presented and conclusions will be
drawn. The results prove that chemical polishing of gold surfaces
is possible with the proposed procedures. Hence, this method is a
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promising tool for the online regeneration of smooth gold surfaces,
i.e. selective gold collectors.
[1] A. Zierhut et al., Talanta 81 (2010) 1529-1535.
[2] A. Zierhut et al., J. Anal. At. Spectrom. 24 (2009) 767-774.

RS4-P5
FACTORS AFFECTING HG BIOMAGNIFICATION
THROUGH LAKE FOOD WEBS IN THE CANADIAN HIGH
ARCTIC.
1

RG1-P19
REAGENT-FREE AND FULLY AUTOMATED
DETERMINATION OF TOTAL DISSOLVED
MERCURY TRACES IN WATERS BY NANOGOLD
PRECONCENTRATION AND ATOMIC FLUORESCENCE
SPECTROMETRY
1

2

LEOPOLD, Kerstin , ZIERHUT, Anja D. , ABDUL-JABBAR,
2
3
3
Heven , SCHLEMMER, Gerhard , LABATZKE, Thomas
(1) University of Ulm / Technical University Munich, kerstin.leopold@
ch.tum.de (2) Technical University of Munich; (3) Analytik Jena AG,
Germany.
Mercury (Hg) is ubiquitous in the environment and requires
analytical determination in all environmental compartments due
to its high mobility and toxicity. In particular a comprehensive
monitoring of mercury in the hydrosphere is important due to very
6
high bioaccumulation factors of up to 10 times in fish and sea food.
Therefore, fast and inexpensive methods for routine analysis of
mercury in waters are essential. However, in standard measuring
procedures for total dissolved mercury toxic reagents are normally
used that produce hazardous waste. Omitting hazardous substances
in the analysis procedure is an important contribution to a more
sustainable and green analytical chemistry. At the same time it
is cost-effective, provides easy handling and ensures low risk of
contamination.
Therefore, a reagent-free method for ultra trace mercury
-1
determination (pg to ng L ) in water samples has been developed
recently [1]. An active nanogold collector provides preconcentration
of Hg-species in a flow injection analysis system. After rinsing and
drying of the collector, the enriched mercury is thermally desorbed
and finally measured by atomic fluorescence spectrometry. Matrix
interferences were studied and the method was optimized and
validated for the determination of mercury in different natural
waters. Accuracy and precision of the method were demonstrated
by several recovery experiments in natural waters (recoveries:
96-104 %) and by analysis of certified reference materials BCR578 (Mercury in Coastal Sea Water; recovery: 100.1 ± 5.3 %) and
ORMS-4 (Elevated Mercury in River Water, recovery: 101.4 ± 11.6
%). With a detection limit of only 80 pg Hg L] the method is highly
sensitive. This proposed method was now set-up as a prototype
instrument consisting of a fully automated PC controlled flow
injection analysis system for preconcentration of Hg traces coupled
to an atomic fluorescence spectrometer for Hg detection. The
prototype has been developed in a cooperation project between the
Technical University of Munich and the Analytik Jena AG, Germany.

1

2

LESCORD, Gretchen L. , KIDD, Karen A. , MUIR, Derek C.G. ,
2
3
KIRK, Jane , O’DRISCOLL, Nelson
(1) University of New Brunswick/Canadian Rivers Institute, gretchen.
lescord@unb.ca (2) Environment Canada/CCIW; (3) Acaidia
University.
Mercury (Hg) concentrations in landlocked Arctic char (Salvelinus
alpinus) in the Canadian High Arctic can vary up to 4-fold between
neighboring populations. In lower latitude systems, physical and
chemical features such as catchment area, dissolved organic carbon
(DOC), pH, surface area, and wetland inputs affect Hg uptake and
transfer through lake food webs. Despite the many contaminant
studies done on high latitude systems, it is not well known how
differences in abiotic characteristics or food web structure in these
lakes affects Hg concentrations in char. Arctic lakes receive most of
their Hg from wet deposition and the input of summer snowmelt,
which are affected by the system’s catchment and surface areas. It is
also possible that food chain length or feeding ecology (i.e. benthic
versus pelagic) affect Hg uptake and biomagnification through these
food webs, as in more southerly systems. This study is comparing
Hg concentrations in the food webs of six lakes on Cornwallis
Island, Nunavut, each with differing physical and chemical features.
For example, lake areas, DOC, and chlorophyll a concentrations
2
range between 0.13-1.3 km , 0.59 -2.08 mg/L, and 0.05-1.10 μg/L,
respectively. The lakes were sampled repeatedly (~ 3 times over the
field season) for sediments and biota during and after the annual
spring melt in 2010. Water samples were collected weekly to assess
temporal changes in Hg concentrations in relation to snowmelt.
All samples are being analyzed for methyl Hg (MeHg; and total
Hg in fish) and the food web will be characterized using stable
isotopes; nitrogen isotopes are used to assess trophic level and
carbon and sulfur isotopes are used to assess energy source (benthic,
pelagic, profundal, terrestrial). Preliminary results show significant
differences in mean total Hg concentrations (μg/g, wet wt.) in
char between these lakes (Kruskal-Wallis p<0.001). Stable isotope
analyses of the organisms and MeHg of the lower-trophic-level
biota and abiotic samples are ongoing. Rates of Hg biomagnification
through the food web will be quantified by regressing log MeHg
versus nitrogen isotopes and these relationships will be compared
against results from other studies. Multivariate analyses will
also be performed to determine the factors that best predict Hg
concentrations in char. Results from this study will improve our
understanding of the variability in fish Hg in High Arctic lakes and
critical baseline information for future studies on how these systems
are changing in response to climate change.

[1] A. Zierhut et al. (2010) Analysis of total dissolved mercury in
waters after on-line preconcentration on an active gold column.
Talanta 81:1529–1535.
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MG14-O2
CONSIDERATIONS IN INTERPRETING GROUP-LEVEL
STUDIES OF MERCURY HEALTH EFFECTS
1

2

LEWANDOWSKI, Thomas , BARTELL, Scott
(1) Gradient, tlewandowski@gradientcorp.com (2) University of
California, Irvine.
The association between mercury exposure and neuropsychological
outcomes such as IQ has been demonstrated in several cohort
studies with individual-level measurements, and provides the basis
for current mercury regulation. The extent to which contemporary
mercury exposure is associated with clinically-relevant neurological
disorders (e.g., autistic spectrum disorders) is less well studied,
although associations have been reported in a several studies with
group-level outcome measurements (“ecological studies”) and/
or group-level exposure measurements. Although the results of
these studies are viewed with caution by most scientists due to the
fact that group-level associations often differ from individual-level
associations, group-level studies do influence public perception.
Published studies on mercury have used surrogate or group-level
variables for exposure (e.g. proximity to coal fired power plants,
regional precipitation patterns, wood smoke particulate) and
group-level data on special education services to characterize
disability prevalence. For example, we reanalyzed data examining
the effect of using different group-level mercury exposure surrogates
(e.g., reported emissions levels, downwind status from a power
plant, local fish consumption advisories) on autism prevalence in
school districts in the U.S. State of Texas. Using multilevel Poisson
regression analysis we found associations between air mercury
emissions and autism prevalence in some years, but not consistently
over time. Results were sensitive to assumptions about presumed
lag time between mercury emissions and autism development.
Evaluations using other surrogate exposure variables did not yield
statistically significant associations. We also observed that the
treatment of censored data (due to privacy protections in reporting
of low special education enrollment counts) had an important
effect on the analysis; associations that were large when censored
data were handed as zeros (RR=4.44, 95% CI: 4.16-4.74) became
much smaller when censored data were treated as the mid-point of
the censored range (RR=1.28, 95% CI: 1.00-1.63). Mercury health
effects are most appropriately assessed through well controlled
case-control or cohort studies with appropriate individual-level
measurements; government agencies, advocacy groups and mercury
emitting industries should consider supporting such studies so that
emerging questions concerning the health effects of mercury can be
reliably addressed.

RG11-O2
RISK ASSESSMENT OF HUMAN EXPOSURE TO TOTAL
AND METHYL MERCURY THROUGH RICE CONSUMPTION
IN SOUTH CHINA
1

1

1

2

LI, Ping , FENG, Xinbin , YUAN, Xiaobo , CHAN, Laurie H.M. ,
3
4
ZHU, Yongguan , SUN, Guoxin
(1) Institute of Geochemistry, Chinese Academy of Sciences, ping_
ligyig@163.com (2) School of Health Sciences, University of Northern
British Columbia; (3) Institute of Urban Environment, Chinese
Academy of Sciences; (4) Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences.
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Recent researches highlight that rice cultivated in Hg contaminated
areas may accumulate MeHg and the main route of human exposure
to MeHg is related to frequent rice consumption. To evaluate the
health risks of mercury exposure in local residents through daily
rice consumption, 294 polished rice samples were collected from
eight provinces (Guangdong, Hunan, Guizhou, Jiangsu, Jiangxi,
Shanghai and Hubei) in South China. The eight provinces constitute
33.5% of population and 54.4% of rice production in whole China
in 2009. The means of total mercury (THg) and methylmercury
(MeHg) concentrations in all rice samples were 9.88 ng/g (95% CI,
2.04-30.2 ng/g) and 2.41 ng/g (95% CI, 0.53-6.56 ng/g), respectively.
And 12.2% (36/294) of the rice samples exceed the tolerance limit of
mercury (Hg) in human foods (20 ng/g) recommended by Chinese
National Standard Agency. MeHg constitutes a large portion of
THg in rice, which reaches to 35.4% on average. In addition, THg
and MeHg percentages as Hg in rice showed a significant negative
correlation, which indicated inorganic Hg pollution in some rice
samples. Regional difference of THg concentrations were found
in the rice samples, while Guizhou, Jiangsu and Jiangxi Provinces
had high THg levels. The daily intakes of THg and MeHg from
rice consumption were estimated for urban and rural population
in the eight provinces in 2009. Urban population had significant
lower intake of THg and MeHg than rural population due to less
amount of rice consumption. The average of 95% upper limit of
daily intake of THg and MeHg for rural population was 0.198 μg/
kg/d and 0.044 μg/kg/d, which constituted 27.1% and 19.1% of
PTWI recommended by JECFA. The results indicated that general
population in South China had no risk of Hg exposure through rice
consumption except in some special sites with Hg pollution.

MG7-O16
DEGRADATION OF METHYLMERCURY AND ITS EFFECTS
ON MERCURY DISTRIBUTION AND CYCLING IN THE
FLORIDA EVERGLADES
1

2

1

LI, YANBIN , MAO, YUXIANG , LIU, Guangliang , TACHIEV,
3
3
4
1
Georgio , ROELANT, David , FENG, Xinbin , CAI, Yong
(1) Department of Chemistry & Biochemistry, Florida International
University, Miami, Fl, liy@fiu.edu (2) Henan Polytechnic University,
Jiaozuo, China; (3) Applied Research Center, Florida International
University, Miami, Fl ; (4) Institute of Geochemistry, Guiyang, China.
Methylmercury (MeHg), a potent neurotoxin, is among the
most widespread contaminants that are posing potential threat
to both humans and wildlife. In the Florida Everglades, MeHg is
recognized as one of the major water quality concerns. Degradation
of MeHg in the water is thought to be one of the most important
processes to the cycling of MeHg, but there is a lack of quantitative
estimations of its effect on the distribution and cycling of MeHg
201
in this ecosystem. Stable isotope (Me Hg) addition method
was implemented to investigate the degradation of MeHg in the
Everglades. By combining these results with the field monitoring
data, effects of photodegradation on MeHg distribution and its
contribution to MeHg cycling were estimated. The results indicate
that degradation of MeHg in Everglades water is mediated by
sunlight, and that UV-A and UV-B radiations are the principal
driver. The spatial pattern of MeHg photodegradation potential
(PPD) generally illustrated an increasing trend from north to south in
the Everglades, which was opposite to the distribution of MeHg in
water column. Correlation analysis shows that MeHg concentration
in the water had a significant negative relation to PPD, suggesting
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that photodegradation could play an important role in controlling
the distribution of MeHg in the Everglades waters. Furthermore,
about 31.4% of MeHg input into the water body was removed by
photodegradation, indicating its importance in the biogeochemical
cycling of MeHg in the Everglades. This percent reduction is much
lower than that reported for other ecosystems, which could be
caused by the higher concentration of DOC in the Everglades. The
relatively slower degradation of MeHg could be one of the main
reasons for the high ratio of MeHg to total mercury (THg) in this
ecosystem.

FS15-O12
EFFECT OF SELENIUM SUPPLEMENTATION IN
LONG-TERM MERCURY-EXPOSED RESIDENTS FROM
WANSHAN, CHINA: THE INCREASED MERCURY
EXCRETION AND DECREASED OXIDATIVE DAMAGE
1

2

3

1

LI, Yu-Feng , CHEN, Chunying , GAO, Yuxi , CHAI, Zhifang ,
4
DONG, Zeqin
(1) Institute of High Energy Physics, Chinese Academy of Sciences,
liyf@ihep.ac.cn (2) National Center for Nanoscience and Technology;
(3) Insitute of High Energy Physics, Chinese Academy of Sciences; (4)
Guizhou Institute of Environmental Science and Designing.
Owing to a long history of mercury-related activities, local
residents in Wanshan, China, have suffered from elevated mercury
exposure. The objective of the present study was to assess the effects
of supplementation with selenium-enriched yeast in long-term
mercury-exposed populations. One hundred and three volunteers
from Wanshan area were recruited and 53 were supplemented
with 100 μg of organic selenium daily as selenium-enriched yeast
for 3 months while the left 50 volunteers were supplemented with
placebo. Quantitative analyses of mercury and selenium levels as
well as the examination of the influence on oxidative stress-related
biomarkers in urine samples on different days were conducted.
Significantly increased urinary mercury excretion was observed. The
urinary malondialdehyde concentrations and urinary 8-hydroxy2’-deoxyguanosine concentration decreased significantly after
selenium supplementation. This 3-month selenium supplementation
trial indicates that daily supplementation of 100 μg of selenium in
the form of selenium-enriched yeast can help the urinary excretion
of mercury and decrease oxidative damage to lipids and DNA in
those long-term mercury exposed people.

TG3-P23
ATMOSPHERIC EMISSIONS OF MERCURY FROM
RESIDENTIAL COAL COMBUSTION IN SHAANXI
PROVINCE, CHINA
1

LI, Zhonggen
(1) Institute of Geochemistry, Chinese Academy of Sciences,
zhonggenli@gmail.com
Behaviors of mercury (Hg) in the small-scale coal combustion
process, like cooking and heating for the residential purpose, are
poorly understood compared with that for large and medium scale
coal combustion. In this study, Hg concentrations in several kinds
of coal and their bottom ashes from a range of residential houses in
Shaanxi province, northwest China, were determined by CV-AAS
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technique. Results showed Hg in the bituminous coal from northern
Shaanxi and the neighbourhood province (Ningxia autonomous
region) were low (range: 5.4-43.5 ng/g, mean 18.6±14.8 ng/g, N=9),
while Hg were much higher in stone coal (range: 219-1175 ng/g,
mean 682.3±478.7 ng/g, N=3), a low rank anthracite produced in
southern Shaanxi, and honeycomb briquette (range: 118.5-1655
ng/g, mean 548.5±560.9 ng/g, N=6) that made from stone coal. Hg
in bottom ash were the lowest, with means 1.8, 3.7 and 11.3 ng/g for
bituminous coal, stone coal and honeycomb briquette, respectively.
Emission factors of Hg were estimated based on the mass balance
method, that 99.12-99.68% Hg in the fuel were lost into air during
the combustion process, leading to about 0.5 tonne Hg released into
the ambient air through the residential use in Shaanxi province each
year, with primarily (87%) from the stone coal and its products.
The estimated average Hg concentrations in the indoor air ranged
3
1.3-48.7 μg/m for three different kinds of fuel under the condition
without chimney or ventilation, and the highest Hg concentration
3
could even reach to 118.2 μg/m , these are much higher than the
national standard for Hg in the atmosphere in the residential area
3
3
(0.3 μg/m , TJ36-79), or the workshop (10 μg/m , TJ36-79). Since
stone coal burning has resulted in endemic arsenic poisoning
and fluorosis among the local residents in Southern Shaanxi,
Hg poisoning arising from this kind of coal buring could not be
excluded. Preventive measures, such as change the high Hg fuel
to low ones, enhanced ventilation, etc, would be the cost-effective
solutions to reduce the health risk. And more detailed studies are
needed.

FS19-O3
COMMUNICATION OF A MERCURY FISH CONSUMPTION
ADVISORY TO ENGLISH AND SPANISH SPEAKING
COMMUNITIES IN THE SHENANDOAH VALLEY OF
VIRGINIA
1

1

LIBERATI, Michael , GUISEPPI-ELIE, Annette , LEPLEY,
2
3
Susannah , KAIN, Don
(1) DuPont Company, michael.r.liberati@usa.dupont.com (2) James
Madison University; (3) Virginia Department of Enivronmental
Quality.
The discovery in the mid-1970’s of elevated mercury in fish tissue
in the South River and South Fork Shenandoah Rivers in Virginia
led to a fish consumption advisory affecting 140 river miles. The
original mercury source is attributed to a manufacturing discharge
that occurred between 1929 and 1950. The South River Science
Team (SRST), a collaborative group which includes state and
federal regulators, environmental groups, academics, and DuPont
Company representatives, was established in 2000 to study the
mercury issues and communicate findings to river stakeholders.
The SRST has implemented many efforts to effectively communicate
the fish consumption advisory to the English speaking populations
who fish along the affected rivers. These efforts include postings at
river access locations, distribution of information using a website,
fact sheets, brochures, and newsletters, river-users surveys, public
presentations, participation in fairs and festivals, and activities
directed at school children. Many of these efforts include a Spanish
translation of the information that is used to assist with the
communication of the advisory. Since there is a growing Hispanic
population in the area, recently, a more innovative approach has
been taken to reach Spanish speaking individuals who may fish on
the affected rivers and their families. These efforts are administered
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through a partnership between the SRST and James Madison
University’s Institute for Innovation in Health and Human Services
which houses the Blue Ridge Area Health Education Promotores
program. This program is a community health worker model that
has been found to be an effective method of communicating health
information to disadvantaged populations. The Promotores are
locally recruited volunteer Hispanic/Latino’s that, after completion
of required training, are used to educate the Spanish speaking
community concerning the details of the mercury fish advisory and
the potential adverse health effects of mercury consumption. The
Promotores outreach efforts focus on individual contacts, small
group meetings, and community-wide events. This paper will
focus on methods used and lessons learned in achieving the desired
outcome of the communication programs, which is to increase
awareness within the English and Spanish speaking communities of
the potential adverse effects of consuming mercury contaminated
fish caught in the impacted rivers.

RG1-P28
MERCURY IN PETROLEUM PRODUCT: ANALYTICAL
APPROACH IN IFP ENERGIES NOUVELLES
1

1

LIENEMANN, Charles-Philippe , BAUDOT, Arnaud
(1) IFP Energies nouvelles, charles.lienemann@ifpen.fr

Diversification of feedstock supply in the petroleum industry due
to barrel prices has resulted in the increased use of natural gas
condensates. The latter contain mercury (10-5000 ppb) among
others metals, which is blamed for poisoning catalysts and
corroding aluminum alloys in steam cracker cold boxes in refinery,
but could be also released to the environment. The prerequisite of
risk assessment is the accurate measurement of mercury content and
speciation in order to propose an efficient removal procedure.
Today, cold vapour atomic absorption spectrometry (CVAAS) and
atomic fluorescence spectrometry (AFS) are the main technique
used to determine total concentration. Different equipment are used
within IFP Energies nouvelles in order to fulfil the need of analyses
for real samples and pilot plant experiments.
ICP-MS is also used by coupling ICP-MS with gas (GC) or liquid
chromatography (HPLC) in order to obtain an insight into the
molecular weight distribution of mercury in various petroleum cuts.
The different approach used for total analysis will be discussed and
compared based on the various need of the petroleum industry, but
also of our research institute. The different information obtained
from speciation will also be discussed and compare to conventional
approach already described in the literature.

RG15-P12
MONITORING OF TOTAL MERCURY IN SEDIMENTS AND
FISH OF THE RIVER BASIN PARÁ, AMAZONIA, BRAZIL
(2009-2010)
1

1

LIMA, Marcelo Oliveira , JESUS, Iracina Maura de , SANTOS,
1
1
Elisabeth Conceição de Oliveira , CAVALCANTE, Diomar Pereira ,
1
1
GUIMARÃES, Clodoaldo Júnior Viana , MARINHO, Jamile Salim ,
1
FURTADO, Erika Cristina Monteiro , PINHEIRO, Samara Cristina
1
1
2
Campelo , COSTA, Vanessa Bandeira da , ALVES, Cláudio Nahum
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(1) Evandro Chagas Institute, marcelolima@iec.pa.gov.br (2) Federal
University of Pará.
In the 80s, was the built the Port of Vila do Conde in the city
of Barcarena, State of Pará, Brazil. Near the port was installed a
industrial complex. In the last decade, numerous environmental
accidents were recorded in this region. Two years ago, was
implanted in a region to monitoring and control program that
studies the accumulation of contaminants in sediments and possible
absorption in biological materials into the aquatic ecosystem.
Previous studies have shown that near industrialized regions has
been occurring accumulation of toxic metals, as mercury, based
mainly on atmospheric emissions or composition of the wastes
carried into rivers. In 2009 and 2010, the possible accumulation
of mercury in sediments and fish in the river Para, near the
industrial complex and port Barcarena, were investigated. Were
made four sediment sampling (16 points) and muscle tissue of
259 fish specimens. Sediments and fish samples were analyzed
by CV-AAS (Akagi, 2004). For quality control were analyzed
IAEA-SL-1 and DORM-2. The average levels of total mercury in
sediments ranged from 0.064 to 0.346 μg/g, with higher levels
found in November/2009. These results demonstrate that mercury
in sediments of the Para River showed significant variations over
two sampling years, a factor that may be indicative of a greater
accumulation of mercury in sediments of this region over the years.
The average total mercury in five species of carnivorous fish ranged
from 0.020 to 0.250 μg/g in the first (N=65) and 0.070 to 0.160 μg/g
in the second sampling (N=146). In the three carnivorous species
not investigated the average levels of total mercury ranged from
0.050 to 0.180 μg/g in the first (N=21) and 0.020 to 0.130 μg/g in the
second sampling (N=27). These results demonstrate that average
mercury in carnivorous species is higher than the levels found
in those non-carnivores. However, average levels for carnivorous
species are below the limits recommended by WHO. Despite being
a large river, the average levels of mercury in sediments of the Para
river have been increasing, but not anomalous were recorded for fish
in the region.

FS3-O9
SOURCE APPORTIONMENT OF MERCURY DEPOSITION
IN THE CONTIGUOUS US USING CMAQ-HG
1

LIN, C. Jerry
(1) Lamar University, Jerry.Lin@lamar.edu
o

Elemental mercury (Hg ) is a long-lived air pollutant subject to
transboundary transport. The long-range transport followed by
oxidation and deposition causes concerns of mercury contamination
in the receptor regions. There have been a number of atmospheric
modeling studies that apportion the contribution to mercury
deposition from emissions in various source regions at global and
local scales. However, none of the source apportionment work was
performed based on emission source sectors at a regional scale,
which is important for the formulation of emission reduction
strategies.
In this study, the mercury model of the USEPA Community
Multi-scale Air Quality modeling system (CMAQ-Hg v4.6) was
applied to determine the source contribution to mercury deposition
from emissions by electric generating units (EGU), iron and steel
industry (IRST), industrial point sources excluding EGU and IRST
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(OIPM), the rest of anthropogenic sources (RA), natural processes
(NAT), and out-of-boundary transport (BC) in the contiguous
United States (CONUS). The CONUS region was divided into
six sub-regions to understand the regional differences. Annual
simulations were performed to quantify the seasonal variability
of source apportionment. It was found that, on annual basis,
dry deposition accounts for two-thirds of total deposition in the
CONUS, mainly contributed by reactive gaseous mercury (ca. 60
% of total deposition). The contribution from large point sources
can be as high as 75% near (< 100 km) the emission sources. Outof-boundary transport contributes from 68% (Northeast region)
to 91% (West Central region) of total deposition. Excluding the
contribution from out-of boundary transport, EGU contributes
to nearly 50% of deposition caused by CONUS emissions in the
Northeast, East and East Central regions, while emissions from
natural processes are more important in the Pacific and West
Central regions (contributing up to 40% of deposition). Deposition
is greater in warm seasons due to stronger Hgo oxidation. However,
the contribution from anthropogenic sources becomes smaller in
warm seasons because of stronger vertical mixing that facilitates
transport.

RS1-O7
DESIGN OF A DYNAMIC FLUX CHAMBER WITH
CONTROLLED SHEAR STRESS AND MASS TRANSFER
FOR MERCURY FLUX MEASUREMENT
1

LIN, C. Jerry
(1)Lamar University, Jerry.Lin@lamar.edu
Dynamic flux chambers (DFCs) have been widely employed for
Hgo flux measurement over soils. However, DFCs of different sizes,
shapes and sampling flow rates can yield distinct measured fluxes
under the same environmental conditions for a given soil substrate.
The main reason is that different DFC designs and sampling flows
can create largely varied flow conditions, which in turn changes
the mass transfer of Hgo from soil surface to air. In addition, the
flow conditions inside DFCs may be complicated and are currently
poorly understood. Such a lack of understanding makes it difficult
to apply the measured fluxes in atmospheric models for estimating
the magnitude of air-surface exchange because the relationship
between measured fluxes and flow conditions has not been
established quantitatively.
In this study, we investigated the flow structure inside DFCs using
computational fluid dynamics (CFD) techniques. It was found that
the flows inside several DFCs in use are not uniform, causing nonuniform mass fluxes over the measured surface. Furthermore, the
surface shear stress is not linearly proportional to the sampling flow
rate, and the distribution of shear stress can change significantly
at different flow rates. Based on the results of CFD calculations,
a DFC design that can produce a steady and uniform air flow
over the measured surface was proposed. The flow conditions of
the proposed DFC design were evaluated mathematically under
different sampling flow rates. The relationship between the sampling
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flow rate and friction velocity, a flow parameter widely employed
in atmospheric models, was also developed for various surface
roughness. CFD simulations using the proposed DFC design
showed that increasing sampling flow rate increases the measured
flux until it asymptotically approaches a flux value that represents
mass transfer limitation.

WS10-O4
INVESTIGATION OF MERCURY METHYLATION
PATHWAYS IN BIOFILM VERSUS PLANKTONIC CULTURES
OF DESULFOVIBRIO DESULFURICANS
1

2

3

LIN, Chu-Ching , KAMPALATH, Rita , ZHANG, Ming , JAY,
2
Jennifer A.
(1) National Central University Taiwan, chuching@gmail.com (2)
UCLA; (3) East China Normal University
Almost all pure culture mercury methylation work to date has been
conducted with pure cultures; however, the majority of organisms
in subsurface environments are living in biofilms. Our previous
study showed that methylation rates in biofilm cultures were up to
an order of magnitude greater than those in planktonic cultures of
the same strain of sulfate-reducing bacteria. The objective of this
study is to probe whether the differential methylation rates resulted
from metabolic differences between these two cultures. Mercury
methylation assays following molybdate or chloroform inhibition
(a specific inhibitor of the acetyl-CoA pathway) were conducted
on biofiom and planktonic cultures of Desulfovibrio desulfuricans
strains M8 and ND132. Molybdate was as effective in inhibiting Hg
methylation in both planktonic and biofilm cultures as in inhibiting
growth. Unlike planktonic cultures, addition of chloroform only
impacted mercury methylation in biofilm cultures. We screened
for the presence of cooS, a gene used in the acetyl-CoA pathway, in
several strains of sulfate reducing bacteria. RT-qPCR was used to
quantify amplication of this gene. Although D. desulfuricans did
not methylate mercury via the acetyl-CoA pathway in planktonic
growth, this pathway appeared to be employed in mercury
methylation in biofilm cultures.

WS7-O7
MODELING TRANSPORT AND TRANSFORMATION OF
MERCURY FRACTIONS IN HEAVILY CONTAMINATED
MOUNTAIN STREAMS BY COUPLING A GIS-BASED
HYDROLOGICAL MODEL WITH A MERCURY CHEMISTRY
MODEL
1

1

LIN, Yan , LARSSEN, Thorjørn
(1) Norwegian Institute for Water Research, yan.lin@niva.no
Many heavily polluted areas are located in remote regions that
lack routine hydrologic monitoring. A modelling method that can
produce scenarios of water chemistry trends for regions that lack
hydrological data is therefore needed. The Wanshan mining area, in
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Guizhou province in south-western China, is such a region. This site
is heavily polluted with mercury (Hg). The large majority of this Hg
is associated with particles and is therefore susceptible to particle
transport. To model Hg transport in a stream draining the Wanshan
mining area, a Georaphic Information System (GIS) hydrologic
model (HEC-HMS) is coupled with a simulation model for Hg
fractions in water (WASP Hg). Hydrological variations in the stream
flow are thereby simulated based on readily available precipitation
data. The WASP 7 MERC Hg model is used for simulating variations
in total Hg (THg), dissolved Hg (DHg) and methyl-Hg (MeHg)
concentrations.
Modelled flow results show typical seasonal variations. During the
3 -1
winter season (Oct-Dec), flow drops below 1 m s . Flow increases
3 -1
beginning in February and reaches peak values of over 6 m s in
June and July. Particles transport is also modelled with a relative
error of 16% and 20% for two flow regimes in September 2007 and
August 2008, respectively.
The modelled Hg concentrations were tested against monitoring
data from two sampling campaigns conducted in September 2007
and August 2008. The model produces reasonable simulation
results for THg, DHg and MeHg. The method is also applied
to three scenarios of reducing Hg mobilisation; it is shown that
building a sedimentation pond can effectively reduce Hg transport
downstream. For instance, a sedimentation pond with a surface area
2
of 5000 m can reduce the THg concentration by 23% for one of the
cases and shortens the distance of THg water concentrations above
-1
100 ng L by 1.5 km.

MS20-P8
METHYLMERCURY CYCLING IN BAIHUA RESERVOIR,
GUIZHOU, CHINA
1

2

1

2

LIU, Bian , YAN, Haiyu , DOMINIK, Janusz , FENG, Xinbin
(1) University of Geneva, Bian.Liu@unige.ch (2) Chinese Academy of
Sciences
As the building of reservoirs increases in China, water quality issues
such as mercury (Hg) biogeochemical cycling in reservoirs has also
become increasingly relevant. Sediments of Baihua Reservoir (BR)
are contaminated with Hg from an organic chemical plant upstream
of the reservoir. There is concern related to the mobilization and
bioavailability of monomethylmercury (MMHg) from the BR
sediments. In June 2009 and 2010, we investigated the production
and distribution of MMHg in the sediment, water column, and
biota in BR, along with ancillary variables such as dissolved organic
carbon and sulfide. We found high levels of total Hg (THg, 664-1
-1
7421 ng g dry weight) and MMHg (3-21 ng g dry weight) in
-1
the sediments but low THg in fish (mostly carps; 4-254 ng g
wet weight) in BR. The average (±1 standard deviation) dissolved
MMHg in the sediment porewater was approximately 0.55±0.64 ng
-1
L , representing 8% of the THg level. In comparison, 9% of the THg
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-1

in the overlying water was present as MMHg (0.33±0.06 ng L ).
Our data show that the sediment of BR is potentially an important
source of MMHg to the water column. However, the transfer of
MMHg produced in the sediment to the water column and the
subsequent bioavailability of MMHg to the fish in BR is strongly
influenced by a few physiochemical processes in the water column
such as the persistent stratification, eutrophication, decomposition
of settling particles (i.e. scavenge and/or release of MMHg), and
demethylation. We also calculated the whole-reservoir sedimentwater flux of MMHg under different water column conditions (e.g.
stratified vs. non-stratified) in order to estimate the production and
mobility of MMHg in BR, which offers some useful information for
the water quality management of BR and similar reservoirs.

RS9-P2
EFFECTS OF LOW MOLECULAR WEIGHT THIOLS AND
HUMIC ACID ON MERCURY SULFIDE DISSOLUTION
1

1

2

1

LIU, Guangliang , CHEN, Sen , NAJA, G. Melodie , CAI, Yong ,
1
1
TACHIEV, Georgio , ROELANT, David
(1) Florida International University, liug@fiu.edu (2) Everglades
Foundation
Thiol (-SH) containing substances, including low molecular weight
(LMW) amino acids and organic matter (OM), play an important
role in regulating the speciation, reactivity, and bioavailability
of mercury (Hg) species, including inorganic Hg (iHg) and
methylmercury (MeHg), thanks to the strong affinity of thiol
towards Hg species. The interactions of mercury species with
OM have received much attention and many aspects of mercuryOM interactions (including the complexation of Hg with thiol
groups within OM) have been extensively studied, whereas the
interactions of Hg with LMW thiol-containing compounds present
in the environment are investigated to a much lesser extent. In
the presence of different thiol-containing substances, including
cysteine, glutathione, and humic acid, the dissolution of mercury
sulfide (HgS, red cinnabar), was investigated. The LMW amino acids
(both cysteine and glutathione, at the concentration levels from 0.5
to 10 μM) greatly enhanced the dissolution of HgS. Agreeing with
previous studies, humic acid can also promote HgS dissolution.
Further fractionation of the dissolved Hg species (passing through
a 0.22 μm filter) using centrifugal filtration devices suggests that a
significant fraction (about 40%) of Hg is in the truly dissolved form
(referred to here as Hg passing through a filter with 3 kDa molecular
weight cut off, MWCO) in the presence of cysteine or glutathione,
probably due to the low molecular weight of these amino acids. In
the presence of humic acid, the truly dissolved fraction of Hg in the
solution is rather small (less than 5%). The disparity in the phase
association and subsequent reactivity of the dissolved Hg species
between LMW thiols and OM enhanced dissolution warrants
further studies to investigate the effect of HgS dissolution on the
transport and transformation of Hg.
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FG8-O10
USING DGT TECHNIQUE FOR MEASURING
METHYLMERCURY IN POREWATER IN RICE PADDY,
SOUTHWESTERN CHINA
1

LIU, Jinling
(1) Institute of Geochemistry, Chinese Academy of Sciences
Consumption of rice is the primary pathway of methylmercury
(MeHg) exposure to the population in mercury (Hg) mining areas,
SW China. Mechanistic information on MeHg accumulation
in rice are however to date very scarce. MeHg dynamics in
irrigated rice paddy was investigated in the rice growing season.
The diffusive gradient in thin films technique (DGT) for MeHg
measurements was applied at three sites in Guizhou province, SW
China disparately impacted by mercury pollution. Elevated MeHg
concentrations were observed in porewater of rice paddies in Hg
mining areas compared to those obtained from the control site,
which attributed to the Hg contamination of soil compartments by
the historical large-scale Hg mining/smelting and ongoing artisanal
Hg smelting activities. At same site different MeHg concentrations
were also observed in porewater at different stages in the rice
growing season, which was consist with the MeHg concentrations in
rice plants (Oryza sativa L.). Our observations showed that MeHg in
paddy soil was an important source to rice.

TS16-P26
USE OF BIOCHAR AS A REACTIVE MEDIA FOR
TREATMENT OF MERCURY IN RIVER WATER
1

1

1

1

LIU, Peng , WANG, Ou , PTACEK, Carol J. , BLOWES, David W. ,
2
2
BERTI, William R. , LANDIS, Richard C.
(1) University of Waterloo, p26liu@uwaterloo.ca (2) DuPont Co.
Biochar is the generic name for stable, carbon-rich charcoal
produced by thermal decomposition of organic material (biomass
pyrolysis) under low/no oxygen conditions at relatively low
temperature (<700 °C). Among the many potential benefits
attributed to its use, we are studying its potential to adsorb mercury
in river water as a way to reduce mercury (bio)availability. Three
biochars made from mushroom soil (MS), poultry manure (PO)
o
and pine wood-chips (WC), were prepared by charring at 225 C
for 2-3 hours. They were then characterized and evaluated for their
ability to remove mercury from river water. A series of batch-style
experiments was conducted, which included addition of biochar
2
(<2 mm) to Hg(II)-spiked (as HgCl ) river water at a 1:75 ratio. The
water chemistry was monitored at 2 and 14 days after equilibrating
the biochar and water mixtures. The removal of mercury was 96 %,
80 % and 96 % at 2 days and 99 %, 97 %, and 99 % at 14 days for
MS, WC, and PO for a mercury initial concentration of 7780 ng/L.
Solid-phase characterization of the biochar by scanning electron
microscope/energy dispersion X-ray spectroscopy (SEM/EDX)
indicated the presence of porous structure and high surface area that
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likely contributed to the high mercury removal capacity. Fourier
Transform Infrared Spectroscopy (FT-IR) spectra showed -OH,
-CH, -CH2, CH3, R(CO)R, quinone, -C=C-, -C-O-C-, and unknown
structures in all three biochars. Carbonyl groups play an important
role in Hg sorption. However, carboxylic-carbonate structure was
not observed in WC, which could explain why mercury removal by
WC was less than PO and MS after 2 days. The FT-IR analyses of PO
2
and MS indicated the presence of carbonate groups (CO3 -), which was
consistent with the high measured alkalinity in aqueous solution.
2FT-IR analyses also confirmed the presence of sulfate groups (SO4 )
on PO, which is consistent with elevated aqueous concentrations for
this material. The results of this study suggest that biochars may be
highly effective for removing Hg from contaminated water.

TG10-P3
RELEASE OF MERCURY FROM SEA WATER TO THE
ATMOSPHERE IN JIAOZHOU BAY IN WINTER
1

1

1

1

LIU, Ruhai , LING, Min , XU, Liaoqi , WANG, Yan
(1) Ocean University of China, ruhai@ouc.edu.cn

The species of mercury, emission flux using flux chamber and their
diurnal variances were studied continuously at a station in the
Jiaozhou Bay, a semi-close bay near city.
The average ratio of the reactive mercury to dissolved mercury was
about 0.50 in the seawater. The variation range of methylmercury
concentration on November 19th was smaller than that in
December 22nd. The methylmercury concentration changes
little within 2.5m depth and higher at the bottom. The DGM
concentration correlated with the reactive mercury/dissolved
mercury significantly (P<0.01), and DGM had negative correlation
with DOC, but not significant. The significant positive correlation
(P<0.05) with UV radiation indicated that photoreduction played an
important role on the formation of DGM. The profile distributions
of DGM changed obviously and the concentration was higher at the
bottom.
The flux of mercury from the seawater to the atmosphere was
2
-0.78~1.72ng/(m •h) measured at field and the average was 0.26ng/
2
(m •h) on November 19th, which showed obvious bimodal diurnal
variations. The small peak occurred after sunrise and the second
appeared at 11:10. There was evasion of mercury from the water to
the atmosphere before 14:00 and after 14:00 the emission was small
or negative. The estimated emission flux of mercury on the same
2
day using a gas exchange model was 0.14~1.52ng/(m •h), which had
similar diurnal variation characteristics and has highly significant
correlation (P<0.01) with the field result. The average flux modeled
2
was 0.63ng/(m •h). On December 22nd, the modeled sea-air flux
2
2
was 0.23~2.26ng/(m •h), and the average was 0.85ng/(m •h), which
increased at first and then decreased. The UV radiation affected the
emission flux by influencing the concentration gradient of sea-air.
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TS16-P12

MG4A-P5

A LABORATORY BASED EXPERIMENTAL STUDY AND
DISPERSION MODELING OF MERCURY EMISSION FROM
SOILS CONTAMINATED BY CINNABAR MINING AND
METALLURGY

THE INFLUENCE OF THE NORTH ATLANTIC OSCILLATION
PHASE MERCURY TRANSPORT IN THE NORTHERN
HEMISPHERE

1

2

1

LLANOS, Wiilians R , KOCMAN, David , HIGUERAS, Pablo L ,
2
HORVAT, Milena
(1) Instituto de Geología Aplicada, UCLM. Pl. Manuel Meca, 1. 13400
Almadén (Ciudad Rea)., Willians.Llanos@uclm.es (2) Jožef Stefan
Institute, Department of Environmental Sciences, Jamova 39, 1000
Ljubljana, Slovenia
Results obtained by a laboratory flux measurement system (LFMS)
focused on investigating the kinetics of the mercury emission flux
(MEF) from contaminated soils are presented. Representative
soil samples with respect to total Hg concentration (26-9770 μg
g-1) surrounding decommissioned mercury-mining area (Las
Cuevas Mine), and former mercury smelter (Cerco Metalúrgico
de Almadenejos), in the Almadén mercury Mining District, Spain
were collected. Altogether, 14 samples were analyzed to determine
the variation in MEF versus distance from the sources, regulating
two major environmental parameters comprising soil temperature
and solar radiation. In addition, the fraction of the water-soluble
mercury in these samples was determined in order to assess how
MEF from soil is related to the mercury in the aqueous soil phase.
-2
Measured MEFs ranged from less than 140 to over 10000 ng m
-1
h , with the highest emissions from contaminated soils adjacent to
point sources. A significant decrease of MEF was then observed with
increasing distance from these sites. The results revealed a strong
positive effect of all three parameters investigated on momentum
MEF. The light-induced flux was shown to be independent of the
soil temperature, while Hg associated with the soil aqueous phase
seems to be responsible for recharging the pool of mercury in
the soil available for both the light- and thermally-induced flux.
The overall flux response to simulated environmental conditions
depends greatly on the form of Hg in the soil. Higher activation
energies are required for the overall process to occur in soils where
insoluble cinnabar prevails compared to soils where more mobile
Hg forms and are present. Based on the calculated Hg emission rates
and with the support of geographical information system (GIS) tools
and ISC AERMOD software, dispersion models for atmospheric
mercury were implemented. In this way, gaseous mercury plume
generated by the soil-originated emissions at different seasons was
modeled. Modeling efforts revealed that much higher emissions
and larger mercury plumes are generated in dry and warm periods
(summer), while the plume is smaller and associated with lower
concentrations of atmospheric mercury during colder periods
with higher wind activity (fall). Based on the calculated emissions
and the model implementation, yearly emissions from the CMA
metallurgical precinct (Cerco Metalúrgico de Almadenejos) were
-1
estimated at 16.4 kg Hg y , with significant differences between
seasons.

1

2

3

LO FEUDO, Teresa , HEDGECOCK, Ian M. , JUNG, Gerlinde ,
4
PIRRONE, Nicola
(1) CNR Institute of Atmospheric Pollution Research, t.lofeudo@iia.
cnr.it (2) CNR-Institute of Atmospheric Pollution Research, Division of
Rende, Italy; (3) MARUM Center for Marine Environmental Sciences
Department of Geosciences, University of Bremen ; (4) CNR-Institute
of Atmospheric Pollution Research.
Large scale climatological effects can have a significant influence
on intercontinental mercury transport. The most important index
for climatic variability in the Northern Hemisphere is the North
Atlantic Oscillation (NAO), (Hurrell, J. W., and H. van Loon, 1997).
The NAO index refers to a redistribution of atmospheric mass
between the Arctic and the subtropical Atlantic. It swings from one
phase to another producing large changes in surface air temperature,
winds and precipitation over the Atlantic as well as the adjacent
continents. During the positive phase of the NAO transport tends
to be from the North America towards North-western Europe and
from Europe towards the Arctic, in its negative phase trans-Atlantic
transport tends to be southerly, influencing the Mediterranean,
while transport in northern Europe can be reversed with Arctic air
flowing southwards to north and central Europe (Hurrell, J. W. et
al., 2003). In the transition from its positive to its negative phase it
is possible for pollution transport to the Arctic to be enhanced until
the negative phase is well established (Hurrell, J.W., Clara Deser,
2009). The global atmospheric mercury chemistry and transport
model ECHMERIT (Jung, G. et al., 2009), has been used to examine
the role of the NAO on mercury transport and its inter annual
variability . We carried out simulations for four years 2008-2010
and we report preliminary results of the hemispherical distribution
and transport of elemental mercury during these three winters,
when the NAO was positive (winter 2008/9), changed from positive
to strongly negative (winter 2009/10) and from negative to slightly
positive and back to negative (winter 2010/2011).
The model’s ability to predict mercury transport under these quite
different conditions has been tested and compared with data from
measurement station. The export of elementary mercury towards
the Arctic from European source regions was more frequent when
the NAO was positive and Hg concentrations were found to be
roughly 5% higher within the Arctic Circle with respect to years
when the NAO was negative. Mercury from North America is
transported to the Arctic Circle in both phases of the NAO, however
the amount is reduced when the NAO is negative.

TS16-P16
BIOMONITORING OF MERCURY: COMPARABILITY AND
RELIABILITY
1

LODENIUS, Martin
(1) University of Helsinki, martin.lodenius@helsinki.fi
Mercury is deposited to terrestrial ecosystems by dry and wet
deposition processes. The interaction between air and vegetation
includes many processes which are not fully known. Emissions
and deposition have been successfully monitored by using
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different methods, e.g. mosses, lichens and moss transplants. The
methods may be standardized and they give repeatable results.
The information from biological monitoring may however differ
from that obtained by using mechanical/technical devices which
are based on deposition on glass or Teflon surfaces or gold
amalgamation. Physical, chemical and biological parameters should
be known in more detail if we want reliable quantitative estimates of
mercury deposition.

FG9-O1
INFLUENCES ON MERCURY BIOACCUMULATION IN
WOOD FROGS DEVELOPING IN SEASONAL WOODLAND
POOLS IN MAINE, USA
1

2

2

LOFTIN, Cynthia S. , CALHOUN, Aram J.K. , NELSON, Sarah J. ,
3
2
ELSKUS, Adria A. , SIMON, Kevin
(1) US Geological Survey Maine Cooperative Fish and Wildlife
Research Unit, Cynthia.Loftin@maine.edu (2) University of Maine;
(3) US Geological Survey S.O. Conte Anadromous Fish Research
Laboratory
Seasonal woodland pools are at tremendous risk due to habitat
degradation and loss. Current conservation measures for this
habitat type focus on protection from loss, however, non-point
source pollution (such as mercury (Hg)) and disease are emerging
concerns. This interdisciplinary research characterized the chemical
environment of pool water, litter, and sediment to 2 cm depth in
four short-hydroperiod (inundated three to nine weeks) seasonal
woodland pools in Acadia National Park (ANP), Maine, USA,
during April-June 2008 and upon October refill to determine
(1) the rate of Hg bioaccumulation by developing wood frogs
(Lithobates sylvaticus), (2) influences of surrounding landscape,
seasonal hydrology, and pool water chemistry on Hg burdens in
wood frog embryos and tadpoles, and (3) potential for transport
into the terrestrial food chain through metamorph emigration from
pools. We chose pools in regions of ANP with different landscape
features and contrasting burn histories. There were no strong
temporal patterns in upland and wetland litter total Hg (THg),
however, THg in sediment was greatest at pool dry down in June.
Upon October refill, THg in pool water in the unburned region
equaled or exceeded June concentrations, whereas, THg in pool
water in the burned region was at concentrations measured at April
ice-out. Total Hg concentrations measured in wood frog embryos
collected within 1-2 weeks of egg deposition (mid-April) were near
or below detection limits (<0.2 ng; 0-0.49 ppb, wet weight(ww)).
Concentrations increased to 17.1-54.2 ppb ww in tadpoles at final
collection in early to mid-June when pools were nearly dry. At that
time methyl Hg (MeHg) comprised 7.2-42.0% of THg in wood frog
tadpoles, comparable to the proportion of THg that was MeHg in
2-3 year old green frog (L. clamitans) and bullfrog (L. catesbeiana)
tadpoles collected in permanent water bodies in nearby watersheds
(Bank et al. 2007), indicating rapid Hg uptake in wood frogs. Water
collected from pools surrounded by softwoods had lower pH and
greater THg and dissolved organic carbon than water from pools in
hardwood settings. Total Hg concentrations in tadpoles, however,
did not clearly reflect pool conditions or landscape setting. The
relatively rapid bioaccumulation of THg in the developing larvae
indicates that wood frog metamorphs could be potential vectors of
Hg from wetlands to terrestrial food webs.
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TG7-P9
EXPERIMENTAL EVALUATION OF THE MERCURY VAPOR
PRESSURE CORRELATION
1

1

2

LONG, Stephen , HENDRICKS, Jay , SCHAEDLICH, Frank
(1) NIST, selong@nist.gov (2) Tekran Inc.

An apparent difference between the historical mercury vapor
concentration equations used by the mercury atmospheric
measurement community, and a new vapor pressure correlation
proposed by NIST, has generated significant controversy. Several
mercury vapor concentration data sets/equations (mostly based
on the work of Knudsen in1909) have been in use by the mercury
atmospheric measurement community over the last several decades.
These predict the equilibrium vapor concentration of mercury as
a function of temperature, and have been validated over the years
by numerous chemical measurements. Recently a new NIST vapor
pressure correlation was proposed by Huber et. al. [1], based on a
survey of published data on high-quality mercury vapor pressure
measurements. This has caused controversy in the mercury
measurement community because the mercury vapor concentration
calculated from the new correlation with the assumption of the ideal
gas law, is some 7-9 % higher than that predicted using the accepted
equations/data sets. This has critical implications for the mercury
measurement community, because it brings into question the
validity of historical atmospheric mercury measurements made over
the last several decades.
In an attmept to resolve this situation, independent ambient
measurements of the equilibrium saturated mercury vapor
concentration, using isotope dilution inductively coupled plasma
mass spectrometry (ID-ICP-MS), and equilibrium saturated vapor
pressure measurements using a calibrated ultrasonic interferometer
manometer (UIM) have been made. The vapor concentration
measurements employed a commercial calibration vapor saturation
instrument (Tekran Inc. 2505). The data from these measurements
indicate that the existing equations predicting the mercury
concentration as a function of temperature are valid. However, the
UIM measurements on the saturated vapor pressure of mercury also
provide experimental evidence supporting the validity of the new
NIST correlation. The reason for the remaining difference between
the two sets of measurements is being investigated.
[1] Huber, M.L., Laesecke, A.., Friend, D.G., Correlation for the
Vapor Pressure of Mercury, Ind. Eng. Chem., 45:7351-7361
(2006).

RS4-O1
ARCTIC MARINE PREDATORS AND FOOD WEBS
PROVIDE INSIGHT TO BIOAVAILABLE MERCURY
SOURCES
1

1

LOSETO, Lisa , MACDONALD, Robie W.
(1) Fisheries and Oceans Canada, lisa.loseto@dfo-mpo.gc.ca
Mercury (Hg) concentrations in Arctic marine top predators
have been a concern largely stemming from their use as Inuit
subsistence food. Trends in Hg over time and across Arctic regions
demonstrate great variability and highlight the need to better
understand the underlying mechanisms and processes of Hg
cycling and bioavailability to food webs. The urgency to identify
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key processes is underscored by a changing climate reducing sea ice
extent over the Arctic Ocean. Macdonald and Loseto (2010) defined
four components of the Arctic Oceans’ Hg cycle that are poorly
understood and yet may have large potential to alter Hg exposure to
top predators. These components coincide as likely sources for key
Arctic marine food webs (i.e. nearshore, benthic etc). How Hg enters
food webs and reach concerning levels in top predators are governed
by a) the relative bioavailability for uptake/absorption of Hg and/
or methylmercury (MeHg) at the bottom of the food web, b) species
specific characteristics that drive bioaccumulation, c) food web
structure defining biomagnification, and d) predator feeding ecology
that influences Hg exposure. Thus, by accounting for variability in
predator foraging behaviour and food web structure and function,
the impacts of trophism and initial Hg sources can be quantified.
Here we use Arctic food webs and top predators together with Hg
budgets for Arctic Ocean components to identify key factors driving
top predator Hg concentrations. The use of fatty acids enabled
appropriate food webs to be constructed and measure food web
magnification factors among representative Arctic Ocean ecosystem
components. Preliminary results show that with the consideration
of predator specific foraging, the food web biomagnification slopes
were consistent among food webs, thus eliminating trophism as a
key factor defining predator variability. Higher Hg levels measured
in offshore food webs likely reflect more bioavailable forms of Hg
in the interior and deep ocean. While these initial findings support
recent observations of high Hg in Arctic and tropical deep ocean
marine fishes; it brings to question the importance of terrigenous
and atmospheric Hg sources to offshore Arctic marine food webs.

WS8-O7
THREE DECADES OF UPS AND DOWNS FOR MERCURY
LEVELS IN FISH MOST THOUGHT AFTER BY FISH EATERS
IN QUÉBEC (CANADA): WHO’S TO BLAME?
1

1

1

LUCOTTE, Marc , PAQUET, Serge , MOINGT, Matthieu , ROZON,
1
Christine , BEAULNE, Jean-Sébastien
(1) GEOTOP-UQAM, lucotte.marc_michel@uqam.ca
Data mining in data bases of Québec Ministry of Environment,
Hydro-Québec, COMERN strategic network as well as new data
collected under Environment Canada’s CARA research program
allowed us to reconstruct the historical variations of mercury (Hg)
levels in two fish species most sought after and consumed in Québec
(Canada): northern pike (Esox lucius) and walleye (Sander vitreus).
In order to compare different years and lakes among each others,
we calculated fish flesh Hg levels at standardized lengths using von
Bertalanffy growth models, 675 mm and 375 mm for northern pike
and walleye respectively. We present results covering the period of
1979 to 2010 for a series of 10 large lakes of mid-northern Québec
frequently fished by sport fishers. Oddly enough, fish caught in
two of the three lakes where intense mining activities have been
occurring over the past decades, Chibougamau and Matagami
lakes, presented the lowest Hg levels at standardized length for
both species. Fish caught in mine impacted lakes exhibited marked
decrease in Hg concentrations since the 1980’s. For the remaining
seven lakes, we followed the intensity of logging activities and wild
fires thanks to satellite images covering the past three decades. In all
five lakes with watersheds most significantly impacted by logging
activities since 1979, i.e. with a rate of logging equivalent to at least
20% of the watershed surface every 10 years, we observed much
higher Hg levels in northern pikes and walleye at standardized
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length. In all these lakes, Hg levels reached peak values in the 1980’s
and significantly decreased since then. We could not relate recent
decreased Hg levels in fish to remediation techniques in mining
activities nor to new logging practices replacing clear cuttings as fish
caught in unperturbed lakes also exhibited decreased Hg levels since
the 1980’s. We are proposing that Hg levels in fish in large lakes of
mid-northern Québec have been decreasing for a few years because
of a conjunction of factors such as decreased atmospheric Hg
loadings, decreased acid rain deposition and average temperatures
rises.

RS9-O10
DISSOLVED ORGANIC MATTER, REGARDLESS
OF ORIGIN, LIMITS ALGAL ACCUMULATION OF
METHYLMERCURY
1

2

LUENGEN, Allison C. , FISHER, Nicholas S. , BERGAMASCHI,
3
Brian A.
(1) University of San Francisco, aluengen@usfca.edu (2) Stony Brook
University; (3) USGS California Water Science Center.
In a series of laboratory experiments using radioisotopes to track
203
methylmercury (Me Hg) accumulation by phytoplankton,
we found the concentration of dissolved organic carbon
203
(DOC) was inversely related to the amount of Me Hg taken
203
up by phytoplankton. The amount of Me Hg accumulated by
phytoplankton (Cyclotella meneghiniana) was expressed as volume
203
concentration factor (VCF), or amount of Me Hg in cells divided
203
by the amount of Me Hg in an equivalent volume of water. The
relationship between VCFs and DOC was non-linear, with the
highest VCFs (250,000) occurring when no organic matter was
added and a rapid drop in VCFs (to ~50,000) occurring as dissolved
organic carbon (DOC) concentrations approached 200 μM. This
relationship held true for a variety of types of organic matter. Most
organic matter was isolated by XAD resins from the San Francisco
Bay Delta and then reconstituted at various concentrations in the
laboratory. Surprisingly, organic matter created from freshly lysed
algal cells resulted in similar VCFs as the San Francisco Bay Delta
isolates. Recent data from the Hudson River Estuary also shows
remarkable overlap with the San Francisco Bay Delta data. These
203
results suggest that DOC can be a useful indicator of Me Hg
bioavailability, even when reduced sulfur concentrations are not
known. The fraction of the organic matter also affected VCFs.
Higher VCFs in the transphilic fraction than in the hydrophobic
203
fraction indicated that binding to aromatics could limit Me Hg
bioavailability. VCFs were also affected by Cl- concentrations. Under
low DOM concentrations, algal cells grown in high (28,000 μM)
Cl- concentrations had VCFs around 300,000 whereas cells grown
in low (230 μM) Cl- concentrations had VCFs around 200,000.
Low concentrations of Cl- combined with high organic matter
resulted in VCFs < 100,000. These differences in algal VCFs were
important because the amount of Me203Hg in amphipod grazers
(Hyalella azteca) was proportional to the initial concentrations
in phytoplankton. DOC is likely an important predictor MeHg
accumulation in the food web. However, DOC concentrations
did not affect the loss of Me203Hg from amphipods as seen by
assimilation efficiencies. These results are an important step in
understanding the factors that govern the bioavailability and
subsequent trophic transfer of MeHg.
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RS3-P9
SUMMARY OBSERVATIONS FROM NOAA/AIR
RESOURCES LABORATORY’S MERCURY MONITORING
ACTIVITIES
1

2

2

LUKE, Winston T. , KELLEY, Paul , COHEN, Mark , REN,
2
3
4
5
Xinrong , WALKER, Jake , COLTON, Aidan , SUGANUMA, Poai
(1) NOAA/Air Resources Laboratory (ARL), Winston.Luke@noaa.gov
(2) NOAA/ARL; (3) Grand Bay National Estuarine Research Reserve;
(4) NOAA/Earth Systems Research Laboratory (ESRL); (5) NOAA/
ESRL.
The Headquarters Division of NOAA’s Air Resources Laboratory
administers three sites for the long-term monitoring of mercury
in the atmosphere: Grand Bay NERR in Moss Point MS; Beltsville,
MD; and the latest site at the Mauna Loa Observatory in Hawaii.
Overall trends and results from these sites will be compared and
contrasted, and data will be interpreted using a combination of
regression and principal component analyses, back trajectory
analysis, and modeling output. Highlights of two recent research
intensives, focusing on the roles of halogen chemistry and transport
processes in mercury chemistry, distribution, and conducted at the
Grand Bay NERR in Summer 2010 and Spring 2011 will also be
presented

TG5-P7
IMPACT OF FLUE GAS COMPONENTS ON MERCURY
ADSORPTION BY A MODIFIED ACTIVATED CARBON
1

LUO, Jinjing
(1) Xiamen University, luojj27@xmu.edu.cn
This study evaluated the mercury capture ability of a novel modified
activated carbon. Mercury adsorption tests were performed under
pure N2 atmosphere and the presence of flue gas component(s)
(CO2, O2, SO2, NO, HCl, NO2 and water vapor). Results show that
the modified activated carbon sample has a relatively large mercury
adsorption capacity compared to those of the commercial activated
carbons (DARCO FGD and FLUPAC). NO2, NO and O2 can
strongly increase the mercury adsorption capacity of the modified
sample. On the contrary, SO2 and water can significantly inhibit
mercury adsorption by the modified activated carbon. In addition,
CO2 and HCl do not play important roles in determining the
mercury adsorption capacity of the modified sample. Adsorption
tests under the flue gas mixture revealed that the modified activated
carbon is a promising sorbent for capturing mercury vapor in flue
gas.

RG14-O2
ASSESSMENT OF MERCURY EXPOSURE WITHIN
THE CANADIAN POPULATION, CANADIAN HEALTH
MEASURES SURVEY, 2007-2009
1

1

LYE, Ellen , LEGRAND, Melissa , PROBERT, Adam
(1) Health Canada, ellen.lye@hc-sc.gc.ca

1

Exposure to methylmercury from fish and marine mammal
consumption continues to present a public health concern in
Canada and elsewhere. Recently, Health Canada proposed revised
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interim blood methylmercury guidance values in order to reflect the
increased sensitivity of vulnerable populations to methylmercury
toxicity. The revised Health Canada guidance value of 8μg meHg/L
is applicable to children <18 years, pregnant women and women of
child-bearing age, while the existing blood methylmercury guidance
value of 20μg meHg/L is applicable to males >18 years and females
>50 years.
The Canadian Health Measures Survey (CHMS) is a national
health survey that collects data on the general health and lifestyles
of Canadians in order to provide information on chronic and
infectious disease, physical fitness, nutrition, and other factors
that influence health. As part of the survey, blood samples were
collected from participants and analysed for levels of environmental
chemicals, including total mercury. Total blood mercury values for
the general Canadian population are presented as geometric mean,
th
10th percentile, and 95 percentile, with associated 95% confidence
intervals. Statistical analyses were based on weighted data. Data
were analysed according to age-sex categories that correspond to the
newly revised interim blood methylmercury guidance values.
The geometric mean total blood mercury values in females from
6-18 years, females from 19-49 years, and males <18 years were
0.31μg/L, 0.77μg/L, and 0.27μg/L, respectively. The geometric mean
total blood mercury values in females >50 years and males >18 years
were 0.91μg/L and 0.82μg/L, respectively.
The CHMS provides the first national estimates of blood mercury
concentrations in Canada. Combined with Health Canada’s revised
interim blood methylmercury guidance values, these data allow us
to better identify those population groups who are at increased risk
of health effects.

WS1-O2
FIRST AIRCRAFT MEASUREMENTS OF OXIDIZED AND
TOTAL MERCURY OVER NORTH AMERICA AND EUROPE
1

1

LYMAN, Seth , JAFFE, Daniel
(1) University of Washington Bothell, slyman@uw.edu
The free troposphere has been shown to be a reservoir for oxidized
mercury compounds, but free tropospheric measurements of
oxidized mercury are extremely limited. Aircraft observations
would be valuable to better understand oxidation mechanisms and
to validate the array of global models currently being developed.
We first deployed a prototype aircraft system for total, elemental,
and oxidized mercury in 2008. This system used two different
approaches to measure gaseous oxidized mercury, which allowed
for an internal comparison of the approaches (Swartzendruber
et al. 2009). Based on these measurements and additional tests,
we made significant improvements to our system for the recent
WAMO/ICARE project (Western Airborne Mercury Observations
/ International Conference on Airborne Research for the
Environment), which flew domestic and intercontinental flights on
the NCAR C-130 in the fall of 2010 in a four-week campaign. Prior
to the campaign the system was extensively tested in our laboratory
with synthetic HgX2 compounds to verify and characterize its
performance. In-flight calibrations included zero checks and
additions of span gas to zero and ambient air.
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We found that oxidized mercury is common in cloud-free air in the
free troposphere. The highest concentrations of oxidized mercury
were mostly associated with either air from the upper troposphere/
lower stratosphere or aged pollution plumes. Air from the upper
troposphere/lower stratosphere (high ozone and potential vorticity)
-3
had the most oxidized mercury (up to 600 pg std m ) and was
associated with reduced total mercury concentrations. In these
plumes the ratio of oxidized mercury to total mercury was as high
as 63%. We found oxidized mercury concentrations of 100-350 pg
-3
m in aged pollution plumes that had not interacted with clouds.
Oxidized mercury in pollution plumes was correlated with CO
and ozone and anti-correlated with gaseous elemental mercury
and relative humidity. These data are being used in consort with a
variety of chemical models to better understand the distribution and
sources of elemental and oxidized mercury in the atmosphere.

TS2-P6
MERCURY ISOTOPE COMPOSITION IN SEDIMENT CORES
DOWNWIND FROM METAL SMELTING FACILITIES
1

MA, Jing
(1) Trent University, jingma@trentu.ca
In this study, the goal is to assess the temporal and spatial variation
of Hg isotope ratios by analyzing depths profiles in sediment cores at
different distances from a point source, a metal smelting operation.
The study site is the typical mining town-- Flin Flon at Manitoba.
Three lake cores were selected along the main wind direction
(NW-SE) from the smelter: Phantom Lake, 5km; Cleaver Lake,
23km and Mclurg Lake, 73km. All three lake cores had distinct Hg
isotopic compositions, which were significantly different among
202
lakes (P<0.0000001). The δ Hg of the Phantom core ranged from
202
-0.67 to -1.48‰, while δ Hg of the furthest Mclurg core varied
from -1.44 to -2.71‰. The Cleaver core showed a wider range of
202
δ Hg from -0.79 to 2.48‰. Phantom Lake was dominated by
heavier isotopes with higher Hg content. Mclurg Lake served as the
Hg background site and was enriched in lighter isotopes. Cleaver
Lake had the mixture of two different Hg sources: smelter and
199
201
background. Mass independent fractionation (Δ Hg and Δ Hg)
was not detected in those sediment cores. Moreover, by applying
a binary mixing model, we demonstrated the relative contribution
of anthropogenic sources in different samples and also provided
evidence of the smelter impact on those sediment cores.
This study provided another example to successfully use Hg isotopic
composition to track and quantify Hg pollution sources and
ultimately to better understand Hg biogeochemical cycling in the
environment.

MS20-P2
TOTAL AND METHYLMERCURY IN WATER OF THREE
GORGES RESERVOIR AREA AND ITS TRIBUTARIES,
CHINA
1

1

1

1

MA, Ming , ZHANG, Yingying , LI, Jiajia , ZHU, Jinshan , WANG,
1
1
1
1
1
Dingyong , SONG, Li , HE, Chunfeng , LI, Ping , XU, Qinqin
(1) Key Laboratory of the Three Gorges Reservoir Region’s EcoEnvironment (Ministry of Education), College of Resources and
Environment, Southwest University, Chongqing, 400715, China,
maming8312@163.com
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The Three Gorges dam was huge project in the worldwide, and
considerable attention has been focus on its impact on human
beings. Mercury pollution brought by dam building has become
an active field of research all over the world by scientists engaged
in relevant subject. To elucidate the fate of total mercury (THg)
and methylmercury (MMHg) in Three Gorges reservoir we have
been studying the distribution in water of Hg in the area and its
tributaries. Measurements of THg and MMHg have been made in
the surface waters and at several depths within the water column
of the reservoir system, we also collect water from paddy fields and
a shrubbery, which submerged by water. Water quality parameters
including T, DO, pH, and Eh were measured on site, and unfiltered
methylmercury levels were measured using GC-CVAFS detection.
In Three Gorges reservoir, Surface water THg concentrations has
a high suspended sediment (SPM) load 5.5 mg/L, and for the
Surface water, where THg is generally 26.46 ng/L or less. THg
concentrations tend to increase in the down-layer. This increase
coincides with a decrease in SPM. Measurement of THg and
MMHg in the paddy field and shrubbery waters in the reservoir
area demonstrate the increased concentration of Hg, and especially
MMHg, under low oxygen conditions, and the most likely source
is the release of these species from shrubs and sediments. THg
concentrations can exceed 60.1 ng/L in the water of paddy field
and MMHg concentrations approach 0.90 ng/L in the water of
shrubbery. The THg concentrations in the water followed this trend:
paddy field > shrubbery > river, and MMHg concentrations in the
water indicated: shrubbery> paddy field> river.

MS20-P3
SPATIAL AND TEMPORAL DISTRIBUTION OF TOTAL
AND METHYL MERCURY IN WATER OF THREE GORGES
RESERVOIR, CHINA
1

1

1

1

MA, Ming , ZHU, Jinshan , WANG, Yongmin , ZHANG, Yingying ,
1
1
1
1
WANG, Dingyong , ZHAO, Lei , SUN, Yuanyuan , HE, Xi
(1) Key Laboratory of the Three Gorges Reservoir Region’s EcoEnvironment (Ministry of Education), College of Resources and
Environment, Southwest University, Chongqing 400715, China,
maming8312@163.com
Mercury pollution brought by The Three Gorges dam building has
become an active field of research worldwide by scientists engaged
in relevant subject. The present study evaluated the total mercury
(THg) and methyl mercury (MMHg) concentrations and the MeHg
to THg ratio (%MeHg) in water samples from different points of
the area in September 2010 (high flux period) and January 2011
(low flux period). We collected water samples in different site of
the reservoirs, including upstream, midstream, downstream and
in the tributaries, as well as at several depths within the water
column. Water quality parameters including T, DO, pH, and Eh
were measured on site, and unfiltered methyl mercury levels were
measured using GC-CVAFS detection. Long-term measurements
show that THg in the unfiltered lake water varied spatially, with
concentrations of THg in unfiltered water ranged from 10.17 to
67.20 ng/L and were well correlated with suspended particulate
matter (SPM). SPM strongly affects the migration and distribution
of mercury. Concentrations of THg were typically highest in the
summer, when precipitation, fluvial discharges, and SPM were
greatest. The concentrations of water MMHg ranged from 0.034
to 0.767 ng/L. The %MeHg averaged as 0.5% in high flux period
and during the low flux averaged 0.4%. Concentrations of MMHg
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and THg were not significantly related to each other. COD and
THg were also not correlated. The concentrations of THg, MMHg
concentrations in high flux period were higher than low flux
period. This was mainly due to changes in rainfall, suggesting the
importance of exogenous mercury inputs.

MS18-O6
STATE OF EXPERIENCE WITH UNEP’S MERCURY
INVENTORY TOOLKIT AND A PRESENTATION OF THE
UPDATED, SIMPLIFIED TOOLS
1

MAAG, Jakob
(1) COWI, jam@cowi.dk
National mercury release inventories are a key component in
the assessments of the needs for, and the design of, national
management plans to reduce the adverse impacts of mercury.
It is also a very useful element in any country’s participation
in the negotiation of a global agreement on mercury. UNEP’s
Toolkit for Identification and Quantification of Mercury Releases
- the Toolkit - was launched in a pilot draft version in 2005 as
a means of facilitating the development of national mercury
releases inventories. The Toolkit provides a methodology and
a comprehensive data base on mercury release sources, their
characteristics and typical releases to the environment. Since 2005,
the pilot draft Toolkit has been used in the development of mercury
inventories in a number of countries. Based on the experience with
using the Toolkit, a need was identified for further simplification
of the methodology, in order to reduce the resource needs and
expertise needs for inventory development. Consequently, an update
of the Toolkit was launched in 2010, now encompassing a simplified
and standardised inventory methodology called “Inventory Level
1” suitable for developing the first national mercury inventories,
as well as the original, more detailed and adaptable methodology,
now named “Inventory Level 2”. The key author of the Toolkit will
present the state of experience with the Mercury Toolkit in countries
around the world, as well as the merits and limitations of the new
methodology and the first experience with its use. The presentation
will discuss the results generated and the key challenges in national
mercury inventory development.

RG15-O14
MERCURY ACCUMULATION IN TUSK (BROSME BROSME)
FROM DIFFERENT HABITATS IN THE NORTH-EAST
ATLANTIC
1

1

MAAGE, Amund , KVANGARSNES, Kristine , FRANTZEN,
2
3
4
1
Sylvia , SÆTHRE, Leif , NEDREAAS, Kjell , JULSHAMN, Kaare
(1) NIFES, Norway, ama@nifes.no (2) NIFES; Norway; (3) University
of Bergen; Norway; (4) Institute of Marine Research, Norway
The fish of the cod family (Gadidae) include several species that are
important sources of seafood, such as Atlantic cod (Gadhus morhua)
and haddock (Melanogrammus aeglefinus). Tusk (Brosme brosme)
is a less known, relatively large, gadoid fish species, also popular
as seafood. It appears on both sides of the North Atlantic at depths
between 150 and 800 m. In Norway the tusk is found in the open
oceans, in the Norwegian coastal current (NCC) as well as in the
deep fjords.
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While the Atlantic cod is shown to have low concentrations of
mercury in fillet except at local hot spot sites, there is a lack of
knowledge on mercury accumulation in the tusk. To gain more
data on mercury levels in this species, tusk were sampled at seven
localitites in open oceans, six in the NCC and two in a fjord system
with some known mercury pollutant problems. Length and weight
were determined for individual fish before fillet samples were taken
of all fish and liver samples were taken of fish from coastal stations.
The fillet samples were homogenised and freeze-dried, and liver
samples were homogenised, prior to analyses for metals. For the
determination of mercury subsamples of approximately 0.2 g dry
weight were used for microwave-assisted wet digestion. The mercury
determinations were carried out on an Agilent quadrupole ICPMS.
The tusk weighed between 0.32 and 10 kg, and mercury
concentration correlated positively with fish size. There was a clear
pattern of lower mercury concentration in fillet of tusk from the
open oceans than in those from the NCC. Also, mercury levels
were higher in fillets of fish captured closer to the population dense
southern areas than in the less populated northern areas. This
was the case both for the ocean and the NCC localities. The mean
fillet concentration of mercury in the southernmost NCC locality
was 0.49 mg/kg wet weight, which is approximately at the EU and
Norway’s upper limit for sale of 0.5 mg/kg wet weight, while in the
northernmost locality close to Svalbard the mean concentration was
as low as 0.08 mg/kg wet weight. In the more polluted fjord areas
the mercury levels were about three times the legal limit. The results
show that this gadoid species can potentially accumulate substantial
amounts of mercury, and closer monitoring has to be in place to
secure the public health against possible mercury contamination.

RG15-P2
CONCENTRATIONS OF MERCURY IN GREENLAND
HALIBUT (REINHARDTIUS HIPPOGLOSSOIDES) CAUGHT
OFF THE COAST OF NORTHERN NORWAY
1

2

1

VALDERHAUG, Stig , NEDREAAS, Kjell , MAAGE, Amund ,
1
1
FRANTZEN, Sylvia , NILSEN, Bente M.
(1) National Institute of Nutrition and Seafood Research, stig.
valderhaug@nifes.no (2) Institute of Marine Research
In January 2006 it was reported from Russia that Greenland halibut
(Reinhardtius hippoglossoides) caught in the Barents Sea had shown
mercury levels exceeding the EU’s upper limit of 0.5 mg/kg wet
weight for this species. These findings were confirmed in a small
study from the same area. To gain more knowledge on the mercury
accumulation in this species, a more extensive survey was initiated
by determining the levels of mercury in 320 Greenland halibut
caught at eight stations off the coast of northern Norway. Individual
fish were measured for physical data (i.e. length, weight and gender).
The otoliths were removed for age determination. Fillet samples
of approximately 100 g each were taken from the upper side of the
fish and with a cut from the middle of the fish towards the tail. The
fillet samples were homogenised and then kept frozen at -20 ºC
prior to analyses for lipids and metals. For the determination of
mercury subsamples of approximately 0.2 g dry weight were used for
microwave-assisted wet digestion. The mercury determinations were
carried out on an Agilent quadrupole ICPMS according to Julshamn
et al. 2007. Round weight of the fish varied between 1.1 and 8.1
kg. Fish age varied between 12 and 29 years. The highest mercury
concentration measured in muscle tissue was 1.1 mg/kg wet weight.
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Female fish were larger and showed higher mercury concentrations
than male fish. Mercury concentration was positively correlated
with fish size and negatively correlated with fat content. Fish
captured in the easternmost stations towards the Russian part of the
investigated area had significantly lower mercury concentrations
than those caught further west. Fish captured at one of the positions
had particularly high average mercury concentrations, 0.52 mg/
kg wet weight., possibly due to a combination of large size and
low fat content. Further studies are warranted to conclude on
the mechanisms of the rather high mercury accumulation in this
species.
Julshamn K; Maage A; Norli HS; Grobecker KH; Jorheim L, Fecher
P. Determination of arsenic, cadmium, mercury, and lead by ICPMS
in foods after pressure digestion. J AOAC Int 2007;90: 844-56.

RG15-O15
CHEMICAL FORM MATTERS: DIFFERENTIAL
ACCUMULATION OF ORGANIC AND INORGANIC
MERCURY IN ZEBRAFISH LARVAE
1

1

MACDONALD, Tracy , KORBAS, Malgorzata , PICKERING, Ingrid
1
1
1
J. , KRONE, Patrick H. , GEORGE, Graham N.
(1) University of Saskatchewan, tracy.macdonald@usask.ca
Mercury is found in both organic and inorganic forms in the
atmosphere, sediment and water bodies due to natural and
anthropogenic sources. The WHO estimates that humans ingest
2.4ug organic mercury and 4.3ug inorganic mercury daily. Limited
information is available on the uptake and accumulation of mercury
in developing organisms, particularly as it relates to chemical form
of the metal. To address this problem we utilized synchrotron
X-ray fluorescence imaging in zebrafish, an increasingly well
studied model vertebrate for investigating mechanisms of chemical
toxicity. We were interested in mapping the localization of inorganic
mercury in zebrafish in conjunction with a previous study by our
group on the localization of organic mercury in zebrafish (Korbas et
al. (2008) PNAS 105: 12108-12112).
Zebrafish larvae were exposed to one of four forms of mercury
(methyl mercury chloride, methyl mercury L-cysteine, mercuric
chloride, and mercury bis-L-cysteineate). Adjacent serial sections
were utilized for synchrotron imaging and histological staining,
respectively.
Significant variations in mercury accumulation were found in
fish exposed to organic mercury compared to fish exposed to
inorganic mercury. Larvae exposed to inorganic mercury exhibited
accumulation in the kidneys and olfactory epithelium. However,
only the fish exposed to organic mercury exhibited preferential
accumulation in the lens epithelium, gut tube, and skeletal muscles.
These variations demonstrate the importance of considering
chemical form when considering the uptake and accumulation of
mercury.
Ongoing research investigates the efficacy of chelating agents.
Although dimercaptosuccinic acid (DMSA) and alpha lipoic acid
(ALA) are not true chelators, both are currently used to treat
mercury exposure. As DMSA and ALA are poorly optimized for
this role they are not always effective and often cause a number of
adverse effects.
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A preliminary test involved exposing fish to methyl mercury
L-cysteine or mercuric chloride followed by a short treatment with
either ALA or DMSA. Our results indicate that neither ALA nor
DMSA are proper cheltors. Eventually, we hope to test a custom
chelator that can bind and excrete different forms of mercury more
effectively.

RS3-P7
TEMPORAL VARIATIONS OF SPECIATED ATMOSPHERIC
MERCURY CONCENTRATIONS MEASURED AT THE UT96
AMNET SITE
1

1

1

MAESTAS, Melissa M. , PERRY, Kevin D. , LISONBEE, Joel R.
(1) University of Utah, m.maestas@utah.edu

Speciated measurements of atmospheric mercury have been made
at the UT96 site since July 1, 2009. The UT96 site is located on the
eastern shore of the Great Salt Lake and is subjected to daily lake/
land breeze wind reversals. These wind reversals alternately bring
air to the receptor site from over the lake (daytime) and from the
adjacent urbanized areas (nighttime). The site is also periodically
impacted by northerly winds after the passage of cold fronts. These
northerly breezes do not pass over the lake or urbanized regions
and typically result in pristine (i.e., background) concentrations
of atmospheric mercury. The net result of these wind patterns
is a single site that can be used to study background mercury
concentrations, interactions with a marine-like boundary layer, and
local/regional pollution sources.
The annual median concentrations of gaseous elemental mercury
(GEM), gaseous oxidized mercury (GOM), and particulate-bound
mercury (PBM2.5) for the first year of operations at the UT96
-3
-3
-3
site were 1.56 ng , 4.2 pg m , and 9.9 pg m , respectively. The
monthly-median GEM concentrations peaked during February
-3
(1.79 ng ) and gradually decreased to a minimum in August (1.48
-3
ng m ). The monthly-median GOM concentrations had a distinct
-3
-3
summer maximum (13.5 ng m ) and winter minimum (1.0 pg m ).
The monthly-median PBM2.5 concentrations peaked during the
-3
winter temperature inversion periods (15.6 pg m ) and were at the
-3
minimum during May (3.7 pg m ).
Statistically significant diurnal patterns were observed for GEM,
GOM, and PBM2.5 throughout the most of the year. GEM
concentrations typically peak at night and are minimized during the
late afternoon. This diurnal cycle is most pronounced during the
summer, but is also evident in the spring and the fall. GOM has the
strongest diurnal pattern with concentrations in the late afternoon
that are often an order of magnitude higher than the nighttime
values during the summer months. This diurnal pattern is observed
during all seasons except winter. PBM2.5 concentrations exhibit a
diurnal pattern very similar to that of GEM. The only difference is
that the diurnal pattern is only observed during the summer and
the fall. The UT96 site is occasionally impacted by significant local/
regional sources of GEM and PBM2.5. The maximum 2-hr averaged
concentrations of GEM and PBM2.5 measured so far were 43.8 ng
-3
-3
m and 1412 pg m , respectively.
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TS17-O8
ARTISANAL AND SMALL SCALE GOLD MINING IN
TANZANIA
1

1

MAGAYANE, Alex A. , BARAKA, Noel
(1) Ministry of Energy and Minerals, amagayane@gmail.com
Artisanal and small scale gold mining (ASGM) has been carried out
in Tanzania since the colonial days. It is estimated that nearly 49 %
of the ASGM activities which comprise about one million people,
involve in gold mining. Their combined economic and social
impacts are substantial for the economy of Tanzania as they make
a significant contribution to the livelihoods of a large proportion of
rural communities and country’s export earnings. ASGM originally
worked in mineral deposits that now host large-scale mining
projects in Tanzania.
Despite the positive contributions, however, ASGM activities
have negative impacts. Due to lack of technical know-how by the
operators and adequate support, most activities are carried out in
an uncontrolled manner. The uncontrolled use of mercury through
amalgamation causes environmental effects.
Studies in Tanzania show that ASGM wash gold bearing silt or mix
powder produced by pounding gold-bearing rocks with water to
produce concentrated liquid containing suspended particle of gold.
This is mixed with mercury to form an amalgam, which is heated in
open air to burn off the mercury leaving the gold around 80% purity.
Extensive awareness raising and training campaigns within gold
mining areas in the country should be conducted for mining
communities in order to demonstrate the environmental and
economic benefits of the improved gold extraction techniques.
The Government of Tanzania is closely following up the research
on borax use as an alternative to extract Au which was conducted
in some districts. Since the mercury use in ASGM has significant
environmental and public health impacts there necessitate an
introduction of a simple alternative and safer methods for process
Au within ASGM communities.

TG5-O5
A COMPARISON OF MERCURY AND NUTRIENTS IN
RUNOFF FROM VEGETATED “GREEN” AND TRADITIONAL
GRAVEL ROOFS
1

1

MALCOLM, Elizabeth G. , SCHAUS, Maynard H. , REESE,
1
Margaret L.
(1) Virginia Wesleyan College, emalcolm@vwc.edu
Green roofs are a popular stormwater management strategy because
they are effective in reducing runoff volume from buildings.
Other benefits may include mitigation of heat island effects, added
building insulation, increased roof lifespan and added aesthetic
appeal. However, a reduction in stormwater volume does not
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necessarily result in a reduced pollutant load. There has been little
research on the impact of green roofs on runoff quality and no
published research on mercury in runoff from green roofs. As
part of a multi-year study we have been evaluating the mercury
and nutrient (nitrogen and phosphorus) content of green roof
runoff as compared to that from traditional gravel-covered roofs.
Our study sites in Southeastern Virginia are located within the
Chesapeake Bay Watershed, which has mercury fish advisories and
seasonal anoxia due to high anthropogenic nutrient loads. Samples
were collected from experimental gravel and green roof plots
and two sets of real gravel and green roofs. Alum and PhosFilter
(UltraTechInternational Inc.) were also tested for their potential
to reduce the phosphorus in the runoff when added as green
roof amendments. Our results indicate that green roofs can leach
significantly higher concentrations of nutrients than gravel roofs.
Our chosen chemical amendments were not effective in lowering
the nitrogen and phosphorus from the green roof runoff. Although
mercury concentrations in runoff were sometimes higher from
green roofs than gravel roofs, there was not a large difference in the
total load of mercury coming off the roofs. Based on our nitrogen
and phosphorus results, we recommend that fertilizer not be added
during installation or maintenance of green roofs. When choosing
green building technology, materials and methods must be carefully
chosen to match the most critical needs of the local environment.

RG11-P10
ASSESSING MERCURY EXPOSURE RISK IN THE LAKE
ZAPOTLÁN WATERSHED, MEXICO
1

2

MALCZYK, Evan A , BRANFIREUN, Brian A
(1) Department of Geography, University of Toronto, emalczyk@gmail.
com (2) Department of Biology, University of Western Ontario.
The distribution of mercury in freshwater systems is poorly
characterized in Mexico, despite widespread contamination from
industrial and urban effluents. The land use, geology, and hydrology
of the Lake Zapotlán basin, Mexico are conducive to the delivery of
elevated mercury in water to the lake due to untreated wastewater
discharge, deforestation, and local volcanic history. To assess a
mercury exposure risk to fish consumers, the concentrations of total
Hg (THg) and methyl mercury (MeHg) in water inputs, surface
waters, sediments, and the commercial catch of tilapia (Oreochromis
sp.) and carp (Cyprinus sp.) were investigated. Results indicate
that despite high inputs of THg and MeHg to the lake in runoff
and wastewater, THg and MeHg concentrations were low in lake
sediments and surface waters. Dense Typha latifolia dominated
wetlands are believed to retain THg inflow from water inputs.
Concentrations of THg in tilapia and carp were low, suggesting a
minimal risk to fish consumers. Low concentrations of THg and
MeHg in fish tissues, sediments, and surface waters indicate low
MeHg production and bioavailability in this system. This research
highlights the importance of wetland conservation in Mexico to
attenuate mercury loading from untreated effluents.
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RS1-P13
LONG-TERM VARIATION IN SPECIATED MERCURY
AT MARINE, COASTAL, AND INLAND SITES IN NEW
ENGLAND
1

2

3

MAO, Huiting , TALBOT, Robert , HEGARTY, Jennifer ,
4
KOERMER, James
(1) SUNY-ESF, hmao@esf.edu (2) University of Houston; (3) AER,
Inc.; (4) Plymouth State University.
A comprehensive analysis was conducted using long-term
0
continuous measurements of elemental gaseous mercury (Hg ),
P
reactive mercury (RGM), and particulate phase mercury (Hg ) at a
coastal (Thompson Farm, denoted as TF), marine (Appledore Island,
denoted as AI), and elevated inland (Pac Monadnock, denoted as
PM) monitoring sites of the University of New Hampshire AIRMAP
Observatory Network. Diurnal, seasonal, annual, and interannual
0
P
variability in Hg , RGM, and Hg from the three distinctly different
environments were characterized and compared. Diurnal, seasonal,
0
and annual variability in Hg was most profound at TF and AI
whereas was relatively dampened at PM due to its location in the
0
free troposphere. The diurnal cycles of Hg at TF and AI were of
0
opposite phase in summer indicating Hg sinks during daytime in
0
the marine boundary layer, which is consistent with Hg oxidation
by halogen radicals in the marine environment reported previously.
Annual RGM maximums at TF and AI occurred in spring, while
P
at PM RGM was mostly below the limit of detection. Hg at AI
and TF was largely below 1 ppqv; annual maximums occurred in
0
winter and minimums in fall. Correlations between Hg /RGM/
P
Hg and climate variables were generally obscure although a
P
tendency of higher levels of RGM and Hg was observed in spring
and summer under sunny, dry, and warm conditions. To identify
P
source types, correlations between Hg°/RGM/Hg and tracers of
different sources were carefully examined for all seasons. Hg°-CO
relationship was well defined for winters 2003 – 2008 at TF and
became rather scattered in winters 2009 and 2010. Higher levels of
RGM were observed together with enhancement in CO, NOy, and
SO2 in plumes at TF and AI, whereas no similar relationships were
P
observed for Hg . Further, higher RGM levels at all three sites were
found to be in photochemically aged air masses.

TS17-O9
SMALL SCALE GOLD MINING IN ZIMBABWE, WITH
SPECIAL REFERENCE TO THE ANGWA RIVER AREA
1

MAPANI, Ben
(1) University of Namibia, bmapani@unam.na
In Zimbabwe, gold placers are known to derive from the Archean
greenstone belts that cover the country. Thus, nearly every river
draining a greenstone belt has some degree of placer mineralization.
In the Angwa River area, about 5000 t0 5500 people are currently
working the river placer in an area of about 20 km long along the
river. Across the country the numbers are in tens of thousands,
spurred by the collapse of the Zimbabwean formal employment
sector in the years 2005-2009. Thus both sides of the river bank have
been extensively damaged by silting and excavation of pits in the
zones believed to contain the coarse fraction of the river sediments.
Several Artisanal Gold Small scale Miners (ASGM) derive their
livelihood from selling gold to individuals and primarily to the
Zimbabwean Central bank. The methods of extraction are panning
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for the coarse gold and the use of mercury for fine gold. The use of
mercury is uncontrolled, as the whole mining process is deemed
“illegal”, yet it is tolerated as it is a significant source of income
for the government. It is important to note that, in this area, this
gold has historically been worked by the “Mashona” people since
at least 1540, when trade with the Portuguese on the east coast of
Africa was recorded (Summers, 1969; Hall, 1992). Therefore this
type of work was a traditional source of income, until the 1800’s
when the European settlers took them over (Summers, 1969).
This type of work has as well attracted “immigrant workers”, who
have settled on the river banks; that has now impacted on other
issues such as sanitation, health, land use conflicts, and social
conflicts. The artisanal miners live in overcrowded, small, poorly
built and unhygienic squatter camps, which would under normal
circumstances be unsuitable for human habitation. The situation has
been made worse by the fact that the government, despite buying
gold from these miners, still classifies them as “illegal”. Yet this
source of income was a main stay for many people in Zimbabwe,
especially during the time when the economy had been in doldrums
(2005-2009). Currently, both women, men and family units work
these deposits across the country. It is therefore imperative, to
come up with a legislative framework that will give these miners a
right to work on these alluvial deposits, such is the case in Ghana,
and in the process, regulate the mining methods and save the
environment, regulate mercury use and improve sanitation and
mining techniques. The current situation is not tenable for social
development, and especially in the fight to minimize mercury
use among the workers and reduce poverty in rural communities.
The government needs to find solutions to make them legal, and
therefore institute legal means of gold recovery openly.

MG14-P28
MERCURY EXPOSURE IN RIVERINES OF RIO MADEIRA
1

1

2

MARQUES, Rejane C , LEAO, Renata S , BRANDAO, Katiane G ,
2
3
MIRANDA, Aldecira P , MOREIRA, Maria de Fatima R , MALM,
1
Olaf
(1) Universidade Federal do Rio de Janeiro, rejanecmarques@globo.
com (2) Universidade Federal de Rondonia; (3) Fundação Oswaldo
Cruz
Mercury (Hg) is present in the Amazonian aquatic environments
from both natural and anthropogenic sources. Consequently,
riverines populations in Amazonia are exposed to mercury because
of their intense fish consumption. This study evaluates total Hg
levels in hair of 142 Amazonian riverines living along the banks
of the Rio Madeira, Rondonia State, Brazil. Individuals answered a
questionnaire where socio-economical status and clinical variables
were evaluated. Hair samples were taken from the occipital
region, and Hg-T was analyzed by Cold Vapor Atomic Absorption
Spectrometry. 61% (n=86) were female and 39% were masculine
(n= 56). The mean frequency of fish consumption were 3.98 per
week, with 65 % consuming fish >2 fishmeal/d. The values of hair
mercury were well above the level set by World Health Organization
for an adult population (10 μg/g). Mean hair-Hg 13.76 μg/g (range
0.92 – 153.72). Young children (< 1 years old) still breastfeeding
showed a mean hair-Hg of 3.92 μg/g, and children from one to
5 years old had a mean Hg of 5.39 μg/g (range = 0.92 – 15.42).
Hair-Hg concentrations in men (15.37 μg/g; range = 1.02 – 153.72)
were significantly higher than in women (12.71 μg/g; range =
0.92 – 77.76). It remains difficult to conclude on the Public Health
implication of mercury exposure in this context.
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MG14-P20
FISH CONSUMPTION AND MERCURY EXPOSURE IN
RIVERINES OF RIO MAMORE, WESTERN AMAZON
1

2

1

MARQUES, Rejane C , DÓREA, José G , LEÃO, Renata S ,
3
4
MOREIRA, Maria de Fátima R , FRANCO, Tainara F , MALM,
1
Olaf
(1) Universidade Federal do Rio de Janeiro, rejanecmarques@globo.
com (2) Universidade de Brasília; (3) Fundação Oswaldo Cruz; (4)
Universidade Federal de Rondonia
Mercury levels in hair are correlated to eating habits, particularly
fish consumption by riverines populations with a large contingent of
traditional fishing families. A cross-sectional study was performed
to assess fish mercury (Hg) exposure among 239 (n=125, female;
n= 114, male) riverines living along the banks of the Rio Mamore,
Rondonia State, Brazil. Summary clinical examination, socioeconomic variables, food consumption inventory and total hairHg concentrations were measure. Hair Hg was analyzed by Cold
Vapor Atomic Absorption Spectrometry. The mean frequency of
fish consumption is high (= 4.09 per week) with 64 % consuming
fish >2 fishmeal/d. The values of hair mercury were well above the
level set by World Health Organization for an adult population (10
μg/g). Mean hair-Hg 13.29μg/g (range 0.23-117.66). Young children
(< 1 years old) still breastfeeding showed a mean hair-Hg of 2.55
μg/g, and children from 1 to 5 years old had a mean Hg of 5.39 μg/g
(range = 0.23 – 35.59). Hair-Hg concentrations in women (18.57
μg/g) were significantly higher (t = 3.15; p < 0.01) than in men
(16.95 μg/g). These results confirm that nutrition transition due
to human occupation of the Western Amazonia still maintains the
centrality of fish for the traditional riverine populations.

Highest Hg concentrations were found in kidney (0.092 and 0.103
μg/g d.w. for red deer and wild boar, respectively) followed by
the levels in liver (0.013 and 0.023 μg/g d.w. for red deer and wild
boar, respectively). A significative correlation (r=-0.609, p=0.007)
was found between mercury concentrations and distance to the
Almadén mercury district. Highest selenium concentrations
correspond to kidney (2.60 and 6.08 μg/g in red deer and wild boar,
respectively) and testis (2.20 μg/g in red deer). Differences between
red deer and wild boar were statistically significant (p>0.05) in all
tissues for selenium, being higher in wild boar than in red deer. A
very strong significant correlation was found between Hg and Se in
kidney (r=0.386, p>0.001 for red deer and r=0.567, p=0.005 for wild
boar). Oxidative stress biomarkers in red deer liver and testis have
been used to identify adverse effects of metal pollution.

MG7-O7
USING SPECIES-SPECIFIC ENRICHED STABLE
ISOTOPES TO ASSESS MERCURY METHYLATION AND
DEMETHYLATION PATHWAYS IN EARTHWORMS
EXPOSED TO MERCURY CONTAMINATED SOILS
1

RG9-P7
MERCURY EXPOSURE AND MECHANISM OF RESPONSE
IN LARGE GAME USING THE ALMADÉN MERCURY
MINING AREA AS A CASE OF STUDY
1

1

MARTÍN-DOIMEADIOS, Rosa , JIMENEZ MORENO, Maria ,
2
BERZAS NEVADO, Juan José , GUZMÁN BERNARDO, Francisco
1
1
Javier , RODRÍGUEZ-ALVÁREZ, Carolina
(1) Universidad de Castilla-La Mancha, rosacarmen.rodriguez@uclm.
es (2) Universidad Castilla-La Mancha
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MARTÍN-DOIMEADIOS, Rosa , BERZAS NEVADO, Juan José ,
2
2
MATEO SORIA, Rafael , RODRÍGUEZ-ESTIVAL, Jaime , PATIÑO1
1
ROPERO, Maria Jose , RODRIGUEZ FARIÑAS, Nuria
(1) Universidad de Castilla-La Mancha, rosacarmen.rodriguez@uclm.
es (2) CSIC-UCLM
Most studies have devoted to the aquatic environments and little
attention has been paid to mercury in terrestrial ecosystems.
However, there are several reasons why the study of mercury in
terrestrial animals is of great interest. Firstly, major differences exist
compared to the aquatic ecosystem and there are probably different
mechanisms of mercury accumulation and transfer. Additionally,
human is exposed to mercury pollution through the consumption
of different terrestrial animal tissues. And, finally, very important
information about negative impact of metal pollution, in terms
of lethal and/or sublethal effects, and protection/detoxification
mechanism can be obtained from these animals and extrapolated to
human beings.
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We focus on the study of total mercury and selenium concentration
in red deer (n=168) and wild boar (n=58) from the Almadén
mining district (Spain). The selected tissues were liver, kidney, bones
(metacarpus), testis and muscle. The objectives of the present study
were as follows: 1. To know the environmental impact of mercury
pollution in wildlife and species of interest for hunting; 2. To assess
the route of mercury and its transfer into terrestrial organisms
tissues; 3. To identify adverse effect of metal pollution on oxidative
stress biomarkers and possible defence mechanisms (selenium
interaction).

The biogeochemical cycling of mercury (Hg) has received
considerable attention because of the toxicity of methylmercury
(MeHg), its accumulation in biota and its biomagnification along
food chains. Earthworms constitute a major part of the animal
biomass in terrestrial ecosystems and are considered suitable
for studying and monitoring Hg bioaccumulation in the soil
ecosystems. Little is known about the toxicity of Hg to terrestrial
invertebrates and information on the effects of speciation on Hg
uptake will be of interest for assessing the risk associated with
Hg pollution in terrestrial ecosystems. In recent years, many
studies have reported that Hg species can be easily assimilated
by earthworms. However, it is still unclear whether MeHg can be
directly absorbed from soil by earthworms or it is transformed by
inorganic Hg (IHg) in earthworm bodies.
Thus, the aim of this work has been to use the potential of speciesspecific Hg enriched stable isotopes to assess Hg methylation and
demethylation pathways in earthworms exposed to historically
Hg contaminated soils spiked with isotopically enriched inorganic
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Hg ( IHg) during a 28-day uptake period followed by a 14-day
depuration period. Hg species in earthworms and soils were
simultaneously extracted using a closed-vessel microwave system
and analysed after ethylation by species-specific-isotope dilution
and gas chromatography coupled to inductively coupled plasma
mass spectrometry (GC-ICP-MS).
The results indicated that Hg bioavailability in soil had important
influence on Hg uptake and methylation mechanisms. Thus, kinetics
controlling MeHg uptakes were dependent on Hg bioavailability
more than Hg concentrations in soils. Furthermore, these
experiments showed different methylation/demethylation pathways
during the depuration period for Hg species coming for natural
or isotopically enriched IHg. Therefore, these observations can be
related to the different mechanism involved in methylation of IHg to
MeHg such as methylation via bacteria in the digestive tract of the
earthworm or methylation induced by the microorganisms in the
soil.

INVESTIGATION OF HG SPECIATION AND BINDING
BIOMOLECULES IN TERRESTRIAL ANIMAL TISSUES
2

MARTÍN-DOIMEADIOS, Rosa , PATIÑO ROPERO, Maria José ,
2
3
RODRÍGUEZ FARIÑAS, Nuria , KRUPP, Eva , MATEO SORIA,
4
2
Rafael , BERZAS NEVADO, Juan José
(1) Universidad de Castilla-La Mancha, rosacarmen.rodriguez@uclm.
es (2) Universidad Castilla-La Mancha; (3) Univesity of Aberdeen; (4)
CSIC-UCLM
Recent estimates of the mercury cycle feature that ~60 % of
all mercury is found in terrestrial environments, making it an
important factor of transfer and bioaccumulation through terrestrial
food chains.[1] However, most research has been devoted to aquatic
environments, and little information is available for terrestrial
environments, with information about Hg species distribution
among animal tissues very scarce, and even less known about the
interaction of Hg with biomolecules.
In the present study, our case of study is the terrestrial biota is the
area of the recently closed Almadén mercury mine (Ciudad Real
province, Southern Spain). This is the largest (285,000 t of Hg) and
the oldest (more than 2,000 years) mercury mine/refining operation
site in the world. Exposure of animals to mercury can occur through
food, water or direct ingestion/licking of soil. Here, we studied liver
and kidney tissue of red deer and wild boar from the area of the
Almadén mercury mine in Spain obtained through regular shooting
allocations.
Mercury speciation analysis was done using GC coupled to AFS
or ICP-MS. 90% of Hg in liver and kidney was inorganic mercury.
Concentration factors between carnivorous and herbivorous were
calculated and they were higher for MeHg than for inorganic
mercury, but mercury accumulation in terrestrial food chains was
less expressed than in aquatic ecosystems.
Hg containing biomolecules have been studied very rarely to date.
Here we present the first data on Hg biomolecules in terrestrial
animal tissues. As an initial step towards their characterization, the
fractionation of Hg binding biomolecules was investigated by size
exclusion chromatography-ICP-MS. Similar profiles are observed
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[1] Fitzgerald, W.F.; Mason, R. P. In Global and Regional Cycles:
Sources, Fluxes and Mass balances; Baeyens, W., Ebinghaus,
R., Vasiliev, O. Eds.; Kluwer Academic Publishers: Dordrecht,
Boston, London, 1996; pp 85-108.

RS1-P5
ATMOSPHERIC MERCURY SPECIES MEASURED IN
ALMADÉN MINING DISTRICT (SOUTHWEST SPAIN) THE
WORLD LARGEST MERCURY MINING DISTRICT.
1
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1
1
Pablo L. , GARCÍA-NOGUERO, Eva M
(1) Instituto de Geología Aplicada, Universidad de Castilla-La
Mancha, alba.martinez@ucl,.es

FG9-O11
1

in red deer and wild boar tissues. In kidney, there is a single peak at
high molecular weight (MW) protein retention time. However, in
liver, Hg is distributed in two peaks, Hg is bound both to high and
low MW proteins, and co-elution of Hg with Fe, Ni, Zn and Cu was
observed.

The Almadén mercury district can be regarded as the largest
geochemical anomaly of mercury on Earth. The ore deposits have
been mined for more than 2000 years, and the main mine of the
district (Almadén), has been active from Roman times to present
day. Las Cuevas is the fourth largest Hg deposit in the district; it was
exploited by the Romans and rediscovered in 1982, its exploitation
by underground mining was completed in September 1997. Actually
is a mercury handling and storage warehouse.
Mercury was determined by Atomic Fluorescence
Spectrophotometry using a Tekran device equipped with speciation
modules for determining RGM and PM, with detection limit at
-3
1 pg m . Local meteorological parameters were monitored using
a station Davis Vantage Pro, and the ozone concentrations were
measured with a ML®9810B device, by absorption photometry.
We also present data corresponding to one year of measurements
of GEM and RGM from a regional background area: the town
of Puertollano, located 80 km away from Almadén and with no
atmospheric mercury sources.
Measurements reveal the existence of high and extremely high
atmospheric mercury values in this area; as well, the ozone
measurements put forward an anomaly with values up to 0.5 mg
-3
m . We compared the values of the different species of mercury with
ozone and the most important meteorological parameters (wind
speed, wind direction, rainfall, UV, temperature, solar radiation,
atmospheric pressure, humidity, soil temperature and moisture),
taking also into account the different seasons and working schedule
at the mercury handling warehouse. In average, mercury contents
-3
-3
for seasons were: spring (GEM: 280 ng m , RGM: 0.348 ng m , PM:
-3
-3
-3
0.401 ng m ), summer (GEM: 223 ng m , RGM: 0.08 ng m , PM:
-3
-3
-3
0.426 ng m ), autumn (GEM: 2842 ng m , RGM: 0.084 ng m , PM:
-3
-3
-3
0.422 ng m ) and winter (GEM: 127 ng m , RGM: 0.033 ng m ,
-3
PM: 0.228 ng m ), meanwhile in the background area (Puertollano)
the average mercury concentrations for the complete year were 1.5
-3
-3
ng m (GEM) and 0.005 ng m (RGM).
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TS16-O4
STIRRING THE POT: CONTEMPORARY WETLAND
RESTORATION IN SOUTH SAN FRANCISCO BAY
AND THE CHALLENGES FROM LEGACY MERCURY
CONTAMINATION
1

Geosciences Environnement Toulouse, Université de Toulouse 3
Toulouse, CNRS-IRD-UPS, France ; (3) Observatoire Midi-Pyrénées,
Geosciences Environnement Toulouse, Université de Toulouse 3
Toulouse,CNRS-IRD-UPS, France ; (4) National Institute of Standards
and Technology, Hollings Marine Laboratory, Charleston, South
Carolina, USA.
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MARVIN-DIPASQUALE, Mark , ACKERMAN, Josh , EAGLES1
1
2
SMITH, Collin , HERZOG, Mark , SLOTTON, Darrel
(1) USGS, mmarvin@usgs.gov (2) UC Davis.
The San Francisco Bay (SFB) estuary and its watershed are currently
undergoing tremendous change in the form of numerous wetland
restoration projects, the largest of which involves converting
approximately 6,500 hectares of former salt-production ponds in
South SFB back to tidal marsh, as well as enhancing existing ponds
for wildlife habitat. With a 50-year time horizon for completion,
this represents one of the largest on-going wetland restoration
efforts in the world. Apart from its very large scale, one of the
biggest challenges faced by project managers is legacy mercury (Hg)
buried in primary slough channels and former salt ponds within
the restoration area. The source of this Hg is largely associated
with drainage from the New Almaden mining district, the largest
cinnabar (HgS) mine in North America with approximately
38,000,000 kg of elemental Hg(0) produced during its operation.
Recent data indicates that fish and birds in the South SFB region
have among the highest levels of Hg contamination within the
whole SFB estuary and its watershed. The reopening of many of the
hydrologically isolated salt ponds to natural tidal flushing has raised
concerns that the resulting increased tidal prism will extensively
scour adjacent slough channel sediment, subsequently remobilizing
legacy Hg and enhancing Hg bioaccumulation. Further, concerns
have been raised regarding the ultimate increase in wetland habitat,
an ecotype known to be particularly important for methylmercury
(MeHg) production. Scientists are working with agencies
responsible for the wetland restoration project to better understand
the linkages between restoration actions (e.g. levee breaches) and
the mobilization and potential bioaccumulation of Hg in both
the restoration area and the larger South SFB region. Preliminary
results examine how the existing strong gradients in salinity,
primary production, and dissolved organic matter in the slough/
pond complex affect Hg speciation, methylation, bioavailability
and bioaccumulation. These results indicate that the partitioning
of both total Hg and MeHg is strongly affected by both salinity and
dissolved organic carbon concentrations in surface water across the
slough/pond complex. Further, the availability of inorganic Hg(II)
for methylation appears to be largely controlled by sediment redox
conditions across the restoration area. This research has significant
value for all habitats and ecosystems where the remobilization
of legacy contaminants of any type is an important restoration
management consideration.

MG2-O11

In recent years, mercury (Hg) has become a major concern in
the arctic region. Mercury deposition is particularly enhanced in
this region distant from direct anthropogenic emission sources.
Following snow-melt, Hg undergoes various and complex reactions
such as methylation leading to the formation of methylmercury
(MeHg). This organic and toxic form of Hg displays strong
bioaccumulative properties making its concentration to increase
along the food chain. Marine mammal’s exposure to MeHg is mainly
linked to their feeding behavior and habitat utilization. Regional
variations in marine mammal mercury levels have raised concern
on the ecological, geochemical and/or possible variation in Hg
sources behind these trends. Recent work on arctic seabird eggs
(Point et al. 2011) has shown a possible link between sea-ice and
Hg isotopic signatures. In this work we measured the stable isotopic
composition of mercury in marine mammal liver samples collected
in the same area. Special attention was paid to investigate ringed
seals, a proven key sentinel species of the Arctic sea-ice ecosystem.
We analyzed 53 ringed seal liver samples collected as part of the
Alaska Marine Mammal Tissue Archival Project. Each individual
liver sample was cryogenically prepared and archived at the National
Institute of Standards and Technology (NIST) Environmental
Specimen Bank (Charleston, SC, USA). Sample collection covered
a time trend of 14 years (1988-2002) at two locations; Nome in the
Bering Sea, and Barrow in the Chukchi Sea. Average total mercury
concentration in ringed seal liver samples was 2.9 ±3.5 mg /g (SD,
n=53), an order of magnitude lower than mercury levels observed
in livers from other marine mammals collected in the same area
(Belugas, HgT=22.9 ±32.0 mg/g (SD, n=54) and polar bears,
13.3±12.8 (SD, n=15) mg/g).
Hg stable isotope compositions were measured on a Neptune MCICP-MS with cold vapor generation using a previously referenced
study (Point et al. 2011). Particular attention was paid to investigate
(i) the influence of physiological factors on Hg stable isotope
fractionation, in particular age and size that have a proven effect on
Hg levels in ringed seal livers, (ii) the spatial and temporal variations
in Hg stable isotopes fractionation, (iii) variations in Hg stable
isotopic composition at different trophic levels of the Alaskan Arctic
food chain.

TS14-P17
MERCURY BIOGEOCHEMICAL CYCLING IN THE OCEAN
AND ITS POLICY IMPLICATIONS
1

MERCURY STABLE ISOTOPE FRACTIONATION IN
CRYOGENICALLY ARCHIVED RINGED SEAL LIVERS FROM
THE ALASKAN ARCTIC
1
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(1) Observatoire Midi-Pyrénées, Geosciences Environnement
Toulouse, Université de Toulouse 3 Toulouse, CNRS-IRD-UPS, France,
jeremy.masbou@get.obs-mip.fr (2) Observatoire Midi-Pyrénées,
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(1) University of Connecticut, robert.mason@uconn.edu (2) Harvard
School of Public Health; (3) Wright State University; (4) Woods Hole
Oceanographic Institute
This presentation will provide through a mass balance and synthesis
exercise an update on the biogeochemical cycling of mercury (Hg)
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and the formation and transport of methylated Hg (CH3Hg and
(CH3)2Hg) in the ocean. Information on the atmospheric input of
Hg species and details of the air-sea exchange of mercury through
gas evasion and wet and dry and deposition will be presented. The
importance of inorganic Hg and CH3Hg input from the margins
(rivers + estuaries) will be examined, as well as other sources and
sinks, such as production and export from the shelf and slope,
water column methylation and input from deep ocean sediments,
including hydrothermal inputs. The presentation will further
examine recent studies looking at sediment and water column
methylation, and how these relate to the remineralization of
organic matter in the ocean. The vertical distributions of various
Hg species and modeling will be presented to further examine
water column processes, and how these relate to environmental
variables and production and recycling of biotic material, and
the potential relationship to microbial processes. Differences in
concentration and distribution across ocean basins will be presented
and the importance of ocean circulation examined. Finally, the
presentation will highlight what is known and unknown concerning
the movement of CH3Hg through the pelagic food chain. Through
model evaluation and data mining, the presentation will evaluate
our best available understanding of spatial and temporal trends in
ocean CH3Hg and the potential changes in fish concentration over
time. Overall, this paper will provide a necessary synthesis of the
available information that can inform and provide a basis for future
open ocean studies.

TG7-P10
SYNTHESIS OF MERCURY-SPECIFIC THIN FILMS FOR
DETERMINATION OF LABILITY OF MERCURY AND
METHYLMERCURY IN SEDIMENT POREWATER
1

1
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MASSEY, Delia , AMIRBAHMAN, Aria , TRIPP, Carl , MERRITT,
2
Karen
(1) University of Maine, delia.massey@umit.maine.edu (2) Environ.
Mercury-specific thin films were synthesized and tested for the
assessment of mercury (Hg) and methylmercury (MeHg) lability
and bioavailability in porewater and sediment. A thin film is a
reactive layer of material deposited on a suitable substrate. Thin
films were prepared by dip-coating glass microscope slides with a
mercapto-functionalized polydimethylsiloxane copolymer ([4-6%
mercaptopropyl]methylsiloxane-dimethylsiloxane copolymer)
dissolved in hexane. Parameters including the copolymer
concentration, dip rate, coating period, removal rate, and number
of coats were optimized with respect to the Hg adsorption capacity.
IR analysis was used to determine the thiol functional group
density. Hg percent recovery and compatibility with analytical
instruments was assessed by elution of the Hg bound to the thin
film with acidified thiourea. Loss of copolymer material from the
slides during deployment in water was negligible and was only
observed during the final elution step with acidic thiourea. Hg and
MeHg experiments were conducted in the presence of fulvic acid
to show the effectiveness of the thin films in the presence of strong
competing ligands. The coated slides were placed in a holder made
of rigid yet flexible Delrin® plastic with a protective polysulfone
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dialysis membrane to allow diffusive porewater flux to the thin film.
The slides were deployed in estuarine sediments for different periods
of time, after which they were removed, extracted, and analyzed for
total Hg and MeHg. The sorbed Hg and MeHg concentrations were
compared to those in the porewater to determine the lability of these
species in the sediment.

TG5-O6
CLEANUP TARGETS FOR TOTAL MERCURY IN
FRESHWATER STREAMS: EMPIRICAL OBSERVATIONS
FROM OAK RIDGE, TENNESSEE
1

1
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MATHEWS, Teresa , SOUTHWORTH, George , KETELLE, Richard ,
1
PETERSON, Mark
(1) Oak Ridge National Laboratory, mathewstj@ornl.gov (2) Bechtel
Jacobs Co.
Several streams on the U.S Department of Energy Reservation
in Oak Ridge, Tennessee receive continuous inputs of dissolved
inorganic mercury from contaminated storm drain systems within
industrial facilities near their headwaters. Remedial actions taken
over the past two decades have reduced waterborne inorganic
mercury in two of these streams. In upper East Fork Poplar Creek,
the reduction in average baseflow waterborne total mercury
concentration from over 1000 ng/L in the 1990’s to approximately
400 ng/l in 2005 produced no discernable decrease in mercury
concentrations in fish immediately downstream from the facility. In
2005, an activated carbon-based treatment system further reduced
waterborne mercury by another 100 ng/L by removing mercury
from an artesian spring that added 2 - 4 g/d of dissolved mercury to
the stream. Removal of this source resulted in no change in mercury
in fish, which remained above 0.8 mg/kg over the next four years.
In White Oak Creek, a smaller stream similar in water chemistry to
East Fork Poplar Creek, the response to source reduction measures
was more encouraging. Re-routing a mercury-contaminated sump
to a waste treatment system decreased average waterborne mercury
from 50 - 110 ng/L to ~25 ng/L at sites downstream. Addition of a
sorbent-based pre-treatment system a year later produced further
improvement, with mercury averaging 15 - 20 ng/L downstream.
Average mercury concentrations in sunfish in the year following
each action decreased, from a maximum of 0.47 mg/kg prior to
treatment to less than 0.25 mg/kg after completion of both. Data
from these long-term monitoring programs indicate that the
relationship between total waterborne mercury concentrations and
mercury bioaccumulation in fish is very non-linear in these well
buffered warm water streams. Remedial efforts will likely need to
reduce waterborne mercury concentrations below 100 ng/L before
changes in bioaccumulation are evident, and below 30 ng/L to meet
the 0.3 mg/kg tissue-based water quality criterion.
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TS16-O14
HG STABLE ISOTOPE IN HUMAN HAIR AS A TRACER FOR
HG EXPOSURE
1

MAURICE, Laurence
(1) IRD - GET, laurence.maurice@ird.fr
Numerous populations face multiple Hg exposure pathways, such
as air pollution, occupational exposure, like gold or Hg mining or
dietary exposure from fish and rice consumption. Populations may
be exposed to both monomethylmercury (MMHg) and inorganic
Hg (InHg) species. There is now a substantial interest in developing
a tracer tool that may identify the different types of Hg exposure to
limit the risks for human health.
The use of Hg stable isotope signatures to trace processes and
sources of Hg in the environment has emerged over the last decade.
Our objective is to investigate the possibility to trace and quantify
natural and anthropogenic Hg sources in human tissue by using Hg
stable isotope signatures coupled to Hg speciation. Human hair has
been recognized as a good tracer to evaluate MMHg contamination
in the body. People that are also exposed to liquid or vapor Hg(0)
have both Hg species in their hair. In this work, hair samples of
different populations are studied: 1) native communities from the
Bolivian Amazon and French Guiana, 2) European people, and 3)
gold-miners.
Similar to the progressive enrichment of heavy nitrogen isotopes
along food chains, the heavy Hg stable isotopes also tend to become
enriched between a food source and human hair. Hair samples
of native communities from both Bolivia and French Guiana
202
are enriched by +2‰ in δ Hg relative to freshwater fish they
consume. Similar mass dependent Hg isotope fractionation of +2‰
is observed between European hair and published data on marine
fish and shellfish. As these populations are mainly exposed to
MMHg via fish diet, this enrichment is attributed to MMHg species
metabolism in the human body. On the other hand, in gold miner’s
hair, the fraction of InHg can reach 96% of total hair Hg. Unlike
202
MMHg, InHg d Hg appears not to be enriched in the heavier
202
isotopes relative to the d Hg of the liquid Hg exposure source.
202
Across all gold miner’s hair samples, d Hg is positively correlated
to MMHg percentage (r²=0.66; n=23) and appears to reflect binary
mixing between the InHg and MMHg sources. Anomalous mass
independent Hg isotope fractionation (MIF) is also observed in
all hair samples and for all populations. For dominant MMHg
exposure, MIF anomalies are conservative and a direct indicator of
the exposure source. For populations with substantial InHg presence
in hair, more work is needed to interpret MIF anomalies.

TG3-P11
GASEOUS ELEMENTAL MERCURY EMISSIONS FROM THE
FOREST FLOOR IN NEW YORK’S ADIRONDACK PARK
1

2

3

MAXWELL, J. Alex , HOLSEN, Thomas M. , CHOI, Hyun-Deok ,
2
HUANG, Jiaoyan
(1) Clarkson University - Institute for a Sustainable Env., maxwelj@
clarkson.edu (2) Clarkson University - Civil & Env. Engineering; (3)
National Institute of Aerospace (NIA)

(DF) and conifer forest (CF) canopies in New York’s Adirondack
Park. Sampling was conducted during the growing months from
2005 to 2006 (DF) and again from 2009 to 2010 (CF). The inlet
and outlet of the DFC was coupled with a Tekran ® Model 2537A
mercury vapor analyzer using a Tekran ® Model 1110 two port
0
synchronized sampler. DF soil Hg emissions ranged from -2.5 ng
-2
-1
-2
-1
0
m hr to 27.2 ng m hr and CF soil Hg emissions ranged from
-2
-1
-2
-1
-3.2 ng m hr to 4.2 ng m hr . Both DF and CF soil emissions
were positively correlated with ground temperature and solar
radiation, and negatively correlated with relative humidity. Emission
fluxes were highest in the spring and summer months and lowest
in the fall. Average Hg emission fluxes from soils under the CF
-2
-1
canopy during the summer (0.67±0.76 ng m hr- ), fall (-1.10±0.46
-2
-1
-2
-1
ng m hr ), and spring (-0.14±1.11 ng m hr ) were found to
be significantly less than those of soils under the DF canopy
-2
-1
-2
-1
-2
(1.46±1.06 ng m hr , 0.82±0.97 ng m hr , & 1.55±2.98 ng m
-1
0
hr respectively). During leaf-on periods, the DF Hg emission flux
was constant due to canopy shading and reduced exposure to solar
0
radiation. The Hg emission flux was not significantly affected by
precipitation events. Two empirical models were developed using
the DF and U.S. EPA’s CASTNET meteorological data, to estimate
0
yearly Hg emissions during both leaf-on and leaf-off periods. The
0
-2
-1
cumulative estimated emission flux was 6.3 μg Hg m year . New
models are being developed to incorporate the CF emissions data to
0
better estimate the total Hg flux in the Adirondack Park.

TG3-O8
SNOW SURFACE-TO-AIR EXCHANGE OF GASEOUS
ELEMENTAL MERCURY IN NORTHERN NEW YORK, USA
1

2

MAXWELL, J. Alex , HOLSEN, Thomas M.
(1) Clarkson University - Institute for a Sustainable Env., maxwelj@
clarkson.edu (2) Clarkson University - Civil & Env. Engineering.
Currently, gaps still exist in the modeling of the overall massbalance of snow Hg0 inputs and emissions in northern, temperate
climates. To address this need, this study is quantifying and
modeling the cumulative emission flux as a result of snow surface0
to-air exchange of Hg . Snow emissions of gaseous elemental
0
mercury (GEM) (Hg ) are being measured using a modified Teflon
fluorinated ethylene propylene (FEP) dynamic flux chamber (DFC)
in an open field site in Potsdam, NY during the 2010-2011 winter
season. The inlet and outlet of the DFC is paired with a Tekran®
Model 2537A mercury vapor analyzer using a Tekran® Model 1110
two port synchronized sampler. Preliminary results indicate snow
0
-2
-1
-2
-1
Hg emissions range from -13.5 ng m hr to 6.6 ng m hr . The
range of fluxes is greatest during sampling periods directly after
snow deposition events that are followed by higher temperatures
0
and solar radiation. Snow Hg emissions are strongly correlated with
both temperature and solar radiation with Pearson product-moment
correlation coefficients (PMCCs) ranging from 0.494 to 0.893 and
from 0.289 to 0.723 respectively. Bi-weekly bulk precipitation and
event surface-snow samples are also being collected in an effort to
better characterize both long-term and immediate emissions.

0

Soil emissions of gaseous elemental mercury (GEM) ( Hg ) were
measured using a dynamic flux chamber (DFC) under deciduous
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TG3-P21
MERCURY VOLATILIZATION FROM A SALT MARSH:
EXAMINING SOLAR RADIATION AND TIDAL EFFECTS
1

2

3

MCARTHUR, Gordon , O’DRISCOLL, Nelson , RISK, David ,
4
DALZIEL, John
(1) St Francis Xavier University, gmcarthu@stfx.ca; (2) Acadia
University; (3) St Francix Xavier University; (4) Environment Canada.
Hg fluxes from soils and sediments have been measured in
coastal regions including tidal mudflats and salt marshes. In
some studies hystereses have been observed but are not apparent
when flux measurements are represented as cumulative mercury
flux. Hystereses can be caused by lags between drivers and flux,
volatilization efficiency differences at different times throughout
the day as well as methodological problems. While we know what
causes hysteresis we do not understand why the lags and efficiency
differences occur. Although findings to date have observed
hystereses, their causes have not been thoroughly investigated. Such
investigation could provide insights to the mechanisms of mercury
oxidation, reduction and potential methodological artifacts in flux
measurements.
This poster will provide background information on the
significance of Hg fluxes from the Bay of Fundy and a summary
of our investigation into the relationship between a variety of
meteorological variables and Hg flux from a salt marsh on the
shores of the Minas Basin, NS. Furthermore, the intermediary effect
that soil moisture levels have on the efficiency of solar radiation to
volatilize Hg is examined.
The objective of this study was to measure in-situ volatilization
fluxes of gaseous elemental mercury from a salt marsh over 9 days
in July 2009 using a Teflon dynamic flux chamber. Fluxes ranged
-2 -1
from -0.5 to 5 ng m s , peak daily fluxes occurred very close to
-2 -1
solar noon and at night dropped to ~ 0 ng m s . During the study,
the site underwent a drying out period, followed by one rain event
followed by another warm dry period; this allowed us to identify
differing efficiencies of solar radiation to volatilize Hg for the pre
and post rain periods (1.98 x greater for the pre-rain period). The
resulting hystereses for pre and post rain periods were visibly
different. From examining the hystereses we found response times
of Hg flux to solar radiation also differed pre (immediate response)
and post rain (40 min lagged response) and there was a consistent
difference between morning and afternoon Hg volatilization
efficiencies. Air temperature and tide height were identified by GLS
regression to be of secondary importance to Hg fluxes. Overall, our
results indicate that moisture regulated photochemical reactions
were of primary importance for explaining Hg fluxes in this salt
marsh ecosystem.

MG14-P6
MERCURY IN DRIED
BLOOD SPOTS
FROM NEWBORNS
1
2
2

MCCANN, Patricia , WOLF, Carrie R. , SKORICH, Suzanne S. ,
2
2
EDHLUND, Betsy L. , BRENNER, Jeffrey J. , HERBRANDSON,
2
2
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2
Carl , MESSING, Rita B. , HOFFMAN, Gary L. , DUNLAP, Sara J. ,
3
ANDERSON, Henry A.
(1) Minnesota Dept of Health, patricia.mccann@state.mn.us; (2)
Minnesota Department of Health; (3) Wisconsin Division of Public
Health; (4) Wisconsin State Laboratory of Hygiene.
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Total mercury was measured in dried blood spots from
approximately 1500 infants born 2008 through 2010 to mothers
residing in the US portion of the Lake Superior Basin. The purpose
of this study was to determine the range of mercury concentrations
in these infants and to assess feasibility of using infant blood as an
indicator of mercury exposure. Although there are considerable
data on the levels of mercury in fish from the Lake Superior basin
there has been limited human biomonitoring for mercury. These
are the first data to describe the magnitude or extent of potentially
harmful in-utero exposures in this population. Results will be
summarized and compared to concentrations of mercury reported
in maternal blood and cord blood. A wide range of concentrations
were found. These data provide evidence of mercury exposure.
Potential exposure routes, including fish and other sources, and
recommendations for further research will be discussed.

RG3-O10
MERCURY CONCENTRATIONS AND SPECIATION
IN MINING AND URBAN IMPACTED RIVERS AND
DRAINAGE SYSTEMS TRIBUTARY TO SAN FRANCISCO
BAY, CALIFORNIA
1

2
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MCKEE, Lester J , BONNEMA, Autumn , CARTER, Annie ,
1
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1
DAVID, Nicole , GILBREATH, Alicia , GREENFIELD, Ben , HEIM,
2
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2
Wesley , HUNT, Jennifer , STEPHENSON, Mark , STILWATER,
3
1
Tiffany , YEE, Don
(1) San Francisco Estuary Institute, lester@sfei.org; (2) Moss Landing
Marine Laboratories; (3) Brooks Rand Laboratories
Mercury speciation has a direct bearing on the effectiveness of
source and treatment control options in mining and urban impacted
systems adjacent to contaminated water bodies. However, little
research has been reported describing mercury speciation in runoff
from mercury mines and urban areas under flood flow conditions
when the majority of transport occurs. To address this issue,
stormwater was sampled in 25 drainage systems near San Francisco
Bay to support improved management of this mercury impacted
water body.
Results to-date indicate that total mercury concentration varies
systematically with suspended sediment concentration, between
watersheds of contrasting land use, and with proximity to sources.
In rivers and creeks impacted by legacy mining, total mercury
concentration varies from below detection to near 20,000 ng/L. In
tributaries influenced by urban land uses exclusively, total mercury
is less variable and ranges from below detection to near 1500 ng/L.
Particle bound mercury dominates total mercury during all flow
conditions in all systems but is proportionally greater during flood
flow and varies distinctly with watershed size. Generally, methyl
mercury accounts for <5% of total mercury and concentrations
are greater during flood flow, correlate with suspended sediment
concentration, and forms a greater proportion of total mercury
during low flow. Acid labile mercury was measured and results
to-date show this form of mercury makes up between 0.3 and 77%
of total mercury in a 100% urban land use drainage with greatest
proportions during spring base flow conditions. In contrast, in a
large mixed land use watershed, acid labile mercury averages <10%
of total mercury.
Findings from these studies are being used by local water resource
agencies to develop management approaches to reduce loads
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of anthropogenic mercury and biological impacts in receiving
waters. Treatment measures being considered include conventional
source control such as enhanced mercury recycling, focused
street sweeping, and soil removal or capping. Treatment control
measures being considered include routing storm water to
wastewater treatment during first flush and base flow conditions,
and the use of low impact development/redevelopment in built
out areas. Contaminated watersheds adjacent to more sensitive
higher productivity sub-regions of the Bay are being identified and
prioritized for management. It is hypothesized that prioritization
in this manner will lead to faster rates of improvement in mercury
contaminated sediments and mercury impacts to key bird species,
sport fish, and humans.

MG4A-P12
TROPICAL AND SUBTROPICAL BRAZILIAN MOUNTAINS
AS CONVERSION ZONE OF ATMOSPHERIC MERCURY
DEPOSITION
1
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MEIRE, Rodrigo O , ALMEIDA, Ronaldo , MIRANDA, Marcio R ,
2
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BASTOS, Wanderley R , TORRES, João P M , MALM, Olaf
(1)Federal University of Rio de Janeiro, romeire@biof.ufrj.br (2)
Federal University of Rondonia
Mountainous areas are considered one of the most pristine and
remote ecosystems worldwide. However, mountains and uplands are
subject to the atmospheric deposition of persistent toxic substances
(PTS) which include mercury and other semi volatile compounds.
Generally, PTS transport from emission sources are controlled
by climate and geographical parameters like mountain winds,
precipitation rates and low temperatures. In tropical and subtropical
mountain areas, it is believed that the precipitation rates and also the
soil re-emissions could have an important role in the atmospheric
deposition of some these pollutants.
This study investigated the total Hg behaviour along altitudinal
variations in the tropical and subtropical Brazilian mountains. This
work included two National Parks situated in the southeastern
(National Park of Serra dos Órgãos, PNSO - Rio de Janeiro State)
and in the southern (National Park of São Joaquim, PNSJ – Santa
Catarina State) parts of Brazil without historic of regional mercury
contamination. Soils samples (10 cm deep) were collected following
vertical gradients sites (meters above sea level – masl) for both
National Parks (PNSO 400-2200 masl; PNSJ 600-1800 masl)
during 2007 and 2008. After field studies, total Hg concentrations
in soil samples were carried out by cold vapor atomic absorption
spectrophotometry (FIMS-400, Perkin-Elmer).
As a result, the concentrations of total Hg in soil reported in this
study for both National Parks are considered very high levels (>100
ng.g-1 d.w.) and in some causes could be similar when compared
with contaminated soils as those from gold mining activities,
especially in the Amazon basin, Brazil. A Spearman test (p<0.05)
reported a strong positive correlation between concentrations of
total Hg in soils and altitude for both National Parks investigated.
Generally speaking, the highest soil concentrations were found
mainly at remote sites above 1500 masl which may indicate a long
range atmospheric transport of mercury, probably from lowland
sources and soil re-emissions. These results reinforce the potential of
mountainous regions as conversion zones for atmospheric mercury
deposition and soil acting as a sink of persistent toxic substance.
WWW.MERCURY2011.ORG

FG8-O11
SPECIATION AND LOCATION OF MERCURY IN WHITE
AND BROWN RICE GRAINS
1

1
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Ping , LIANG, Peng
(1) Institute of Geochemistry, Chinese Academy of Sciences,
mengbo05@gmail.com (2) Hong Kong Baptist University, P.R. China.
Consuming fish, fish products and marine mammals is currently
considered as the main pathway of human exposure to Hg and
especially methylmercury (MeHg) posing a worldwide human
health threat. However, recent studies showed that rice consumption
can be an important pathway of methylmercury (MeHg) exposure
to humans in Hg mining areas and also in certain inland areas in
Southwestern China. The rice seed (brown rice) has the highest
ability to accumulate MeHg compared to the other tissues. In order
to investigate the distribution of inorganic mercury (IHg) and MeHg
in polished (white rice, bran removed) and unpolished (brown rice)
rice grains, ninety-five rice grains were collected during regular
harvest periods at different typical mercury (Hg) contaminated
sites. The rice grains were divided into bran and polished rice
(bran removed). The mass of different parts of rice grains was
recorded. Totol mercury (THg) and MeHg were measured in white
rice, brown rice, and bran according to US EPA Method 1631 and
Method 1630. The concentration of IHg in samples was calculated
by the difference between the concentration of THg and MeHg. Our
results showed that both the concentrations of IHg and MeHg in
bran were significantly higher than those in white rice and brown
rice (K-S test, P < 0.001). Even the concentrations of IHg and MeHg
in bran were much higher than those in white rice; most of the
IHg (64±10 %) was located in the bran. However, the white rice
accumulated the majority of MeHg (82±7.5 %) in the whole rice
grains. Synchrotron-based X-ray fluorescence (S-XRF) was utilized
to locate Hg in brown rice grains. In brown rice, Hg was found to be
preferentially localized at the surface, in the region corresponding to
the pericarp and aleurone layer.

TG5-P1
SITE REMEDIATION THROUGH THIN LAYER PLACEMENT
OF A SAND CAP IN THE PENINSULA HARBOUR,
ONTARIO AREA OF CONCERN
1

1

1

MERRITT, Karen , GLESSNER, Allison , HENNING, Miranda ,
1
MAGAR, Victor
(1) ENVIRON International Corp., kmerritt@environcorp.com
We examine the justification and proposed strategy for site
remediation in Jellicoe Cove, Ontario, through thin-layer placement
of a sand cap over the area with surface sediment total mercury
(HgT) concentrations exceeding 3 mg/kg. The other principal
chemical of concern in Jellicoe Cove is polychlorinated biphenyls
(PCBs), with maximum surface sediment concentrations of 1.2 mg/
kg. Capping will prove effective for reducing the HgT concentration
in surface sediment, and is expected to prove effective for limiting
biological exposure to HgT, methylmercury (MeHg) and PCBs, as
well as limiting on-going transport of HgT and PCBs from Jellicoe
Cove. As assessed herein through the application of a design tool
for estimating chemical migration through cap layers, the placement
of a 15 cm sand cap in Jellicoe Cove can reduce porewater HgT flux
by 97% within the cap area footprint. For MeHg, the placement
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of a 15 cm sand cap in Jellicoe Cove can reduce porewater flux
by > 99%. Results for HgT and MeHg—measured in terms of the
percent reduction in diffusive flux to the biologically active layer
following cap placement—will conservatively satisfy concerns for
PCB flux. As determined by application of the design tool, the
time to containment breakthrough for a 15 cm cap is > 250 years
for HgT and ~250 years for MeHg. The magnitude of the porewater
flux and the time to containment breakthrough are sensitive to
the choice of distribution coefficients (KD) for HgT and MeHg, as
well as the groundwater advection rate. If the current conceptual
understanding of site conditions is correct, a 15 cm cap at this site
will likely achieve adequate reduction in solid phase and porewater
HgT and MeHg concentrations within the cap area footprint, even
considering a 10-fold decrease in KD values and a doubling of the
groundwater advection rate.

FS19-O4
PARTICIPATORY APPROACHES, SOCIAL NETWORKS
AND THE ADAPTIVE CAPACITY OF COMMUNITIES IN
THE ADOPTION OF HEALTHY BEHAVIORS TO REDUCE
MERCURY EXPOSURE
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l’environnement (CINBIOSE), Université du Québec à Montreal,
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(3) Faculdade UnB Planaltina (FUP), Universidade de Brasília;
(4) Centre de recherche interdisciplinaire sur la biologie, la santé,
la société et l’environnement (CINBIOSE), Université du Québec
à Montreal; (5) Chaire de recherche en environnement-GEOTOP,
Université du Québec à Montréal; (6) Biodome de Montréal, Institut
des Sciences de l’Environnement, Université du Québec à Montréal;
(7) Centre de recherche interdisciplinaire sur la biologie, la santé,
la société et l’environnement (CINBIOSE), Université du Québec à
Montréal, member of the CIHR Team in Gender, Environment and
Health.
The formulation and communication of fish advisories are highly
complex because of the potential conﬂicts between the nutritional
and toxicological issues associated with ﬁsh consumption.
Participatory approaches, adapted to the socio-economical and
cultural realities of vulnerable populations, may facilitate the
communication processes regarding these complex issues and
promote the adoption of long lasting healthy fish consumption
behaviors. Villagers from Brasilia Legal, a small village located
on the left shore of the Tapajós River in the Brazilian Amazon,
are exposed to methylmercury through fish consumption. A
participatory intervention based on dietary changes aimed
at reducing methylmercury exposure while maintaining fish
consumption was initiated in 1995. In the present study, we
used social network analysis to investigate the evolution in the
participatory processes associated to the building of solutions to
reduce exposure. Data were collected at five different time points
(1995, 2000, 2001, 2004 and 2006), regarding diet components
associated to mercury exposure, hair mercury levels, awareness of
critical information about mercury issues, adoption of new fish diet
behavior and network partners regarding discussion on mercury
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and health. From 1995 to 2006, hair mercury levels decrease
consistently in the population and most community members
are engaged in discussion networks associated to increasing
levels of awareness. However, two distinct phases emerge: 1. the
intervention phase, before 2001, where many activities around
mercury were carried out by the researchers and where mercury
discussion is associated to adoption of the new fish diet behaviors
in accordance with the messages generated in the participatory
process and 2. the sustainability phase, from 2001 to 2006, with
fewer research activities around mercury, where participation
in mercury discussion network is associated to the process of
continuous adaptation of the villagers to social and environmental
regional changes and to the adoption of new and diverse solutions
to maintain decrease in exposure. We discuss the contribution
of community participation and communication networks to
overcome the difficulties in generating complex messages that take
into account both health benefits and risks of fish consumption and
in promoting the adoption of adaptive and sustainable behaviors to
reduce mercury exposure.

MS11-P7
BI-PHASIC TRENDS IN WISCONSIN COMMON LOON
BLOOD MERCURY CONCENTRATIONS - 1992-2010
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(1) Wisconsin Department of Natural Resources, Michael.Meyer@
Wisconsin.gov; (2) IGISES; (3) U.S.Geological Survey; (4) Biodiversity
Research Institute.
Wisconsin Department of Natural Resources (WDNR) is
assessing the ecological risk of mercury (Hg) in aquatic systems by
monitoring common loon (Gavia immer) population dynamics and
blood Hg concentrations. Loon adults and chicks were captured
using a night-lighting technique during the summers of 1992-2010
and 1,661 blood samples were collected. In this paper we report
temporal trends in blood Hg concentrations based on 334 samples
collected from adults recaptured in subsequent years (resampled
2-9 times) and from 421 blood samples of chicks collected at
lakes resampled 2-8 times. Temporal trends were assessed with
generalized additive mixed effects models (GAMMs) and mixed
effects models to account for the potential lack of independence
among observations from the same loon or same lake. Trend
analyses indicated that Hg concentrations in the blood of Wisconsin
loons declined over the period 1992-2000, increased during 20022010, but not to the level observed in the early 1990s. The best
fitting linear mixed effects model included separate trends for the
two time periods. The estimated trend in Hg concentration among
the adult loon population during 1992-2000 was -2.6% per year and
the estimated trend during 2002-2010 was +1.8% per year; chick
blood Hg concentrations decreased by -6.5% per year during 19922000, but increased 1.8% per year during 2002-2010. This bi-phasic
pattern is similar to trends observed for waterborne methylmercury
(meHg) and SO4 within our study area. The latter trends are strongly
associated with changes in the regional water cycle, independent
of changes in the atmospheric deposition of Hg or SO4. We
tentatively conclude that drought-induced changes in the aquatic
meHg cycle have rippled though the food chain to loons. But we
caution that this effect may have lake-specific and/or region-specific
attributes. We also caution that our findings do not discount the
importance of anthropogenic emissions or atmospheric deposition.
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Instead, they illustrate how additional factors may exacerbate the
bioaccumulation and trophic transfer of meHg ultimately derived
from depositional loadings

MS11-P10
MERCURY INHIBITS NEUROCHEMICAL MARKERS IN THE
BRAIN OF POLAR BEARS (URSUS MARITIMUS) IN VITRO
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MICHAEL, Kwan , CHAN, Laurie HM
(1) Nunavik Research Centre, m_kwan@makivik.org; (2) UNBC.
Mercury (Hg) is a neurotoxicant that is found at elevated
concentrations in the Arctic ecosystem. Little is known about its
effect on the brain of wildlife such as polar bears. Neurochemical
biomarkers, changes in brain chemistry, have been suggested
as preclinical indicators associated with contaminant exposure.
The purpose of this study was to study the effects of Hg on the
activity of monoamine oxidase (MAO) and acetylcholinesterase
(ChE) and binding to the muscarinic acetylcholine receptor
(mAChR) extracted from two brain regions of wild polar bears
(Ursus maritimus). Membrane respectively enzyme fractions of
brain homogenate of both cerebellum and occipital lobe were
exposed to mercuric chloride (HgCl2) or methylmercurychloride
(MeHgCl), ranging from 0 to 320 μM for mAChR binding, 0 to 500
μM for MAO activity, 0 to 100 μM (HgCl2) respectively 0 to 1000
μM (MeHgCl) for ChE activity, for 15 min at room temperature.
Both HgCl2 and MeHgCl decreased MAO and ChE activity in
a dose-response manner and also inhibited the binding to the
mAChR. HgCl2 was a more potent inhibitor of the three markers
than MeHgCl in both brain region. The half maximal inhibitory
concentrations (IC50) for the different markers and brain regions will
be presented. These data show that Hg is a more potent inhibitor
of neurochemical components than MeHg in the brain of polar
bears. Identifying the effects of exposure to neurotoxic substances
in representative species offers a perspective relevant to both human
and ecological risk assessment.

MG2-P1
TEMPORAL VARIATIONS IN THE STABLE ISOTOPIC
COMPOSITION OF HG IN SEDIMENTS OF THE CENTRAL
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(1) UGM-LNEG, mario.milhomens@lneg.pt; (2) University of
Michigan; (3) IPIMAR-INRB; (4) IGME; (5) LAQ-LNEG; (6) NIOZ
Three short marine sediment cores from the Cascais canyon
(PE252-32 at 38.36307N; 9.50690W; 2100 m water depth; and
PE252-35 at 38.49345N; 9.47880W; 445 m water depth) and the
Estremadura Spur (PE252-16 –at 39.17670N; 10.66612W; 2084 m
water depth) on the Portuguese Margin, collected during cruise
Canyons 2006 onboard the RV Pelagia, were analysed for Hg, Pb,
06
207
202
199
201
Al, and Pb (2 Pb/ Pb) and Hg (δ Hg, Δ Hg, Δ Hg) isotope
stable ratios in order to reconstruct Hg and Pb metal contamination.
210
Geochronology is based on Pb. The studied cores reveal increasing
Hg and Pb, independent of grain-size variations, since the middle
of the nineteen century towards the Present-day. At the same time
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we have observed a decreasing trend of Pb/ Pb to less radiogenic
values towards the surface, indicating anthropogenic contamination
202
with different intensities. Down-core δ Hg values do not show a
clear pattern implying either multiple sources, or varying amounts
of microbial Hg reduction and loss, or a combination of both. The
202
lowest values of δ Hg are shown in general in the older sediments
encompassed by low Hg and Pb contents, suggesting a low input
of the anthropogenic component. Core PE252-16 (located in an
area of predominant hemipelagic sedimentation) has an average
202
of δ Hg of -0.69‰±0.24‰ in sediments older than AD 1800,
similar to values obtained by Gehrke et al. (2009) for Mediterranean
sapropel samples. In this core, both odd isotopes deviate from the
99
201
theoretical mass-dependent fractionation line (Δ1 Hg, Δ Hg),
showing that sediments were subject to a small degree of mass199
independent fractionation (MIF) with Δ Hg =+0.09‰±0.04‰ and
201
Δ Hg=+0.04‰±0.04‰. These slightly positive values indicate that
2+
the cause of MIF could be photochemical reduction of Hg . The 2
cores from the Cascais Canyon located closer to the Tagus estuary
(an area highly influenced by Hg contamination derived from pyrite
roasting and chloralkali plants) do not reveal significant MIF, which
is consistent with the addition of anthropogenic Hg sources. This
trend has also been observed by Estrade et al. (2010) in lichens
where anthropogenic Hg is added near an industrial point source.
In synthesis, the integration of stable Hg and Pb isotopic ratios,
210Pb chronology, and Hg and Pb concentrations, were useful in
reconstructing the Hg and Pb contamination history in sediments of
the Central Portuguese Margin.

MG7-P25
MERCURY DISTRIBUTION IN SOILS OF THE
VALDEAZOGUES RIVER BANKS AND TRANSFER TO
NERIUM OLEANDER SHRUBS
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1
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(1) CIEMAT, rocio.millan@ciemat.es
Valdeazogues River flows through the Almadén mercury mining
district (Spain) crossing one of the areas with the highest mercury
concentration in the world. The experimental work was performed
in a section along the Valdeazogues River banks. Soil and plant
samples (Nerium oleander L.) were taken in the springtime of three
consecutives years (2007-2009).
Mercury in the different soil fractions was determined by using
a six-step sequential extraction procedure developed at Ciemat
(Spain). Furthermore, the relationship between the percentage of
organic matter in soil and the percentage of mercury associated with
the exchangeable and oxidizable fractions was established. Once
the available mercury was determined in soil, the absorption and
distribution of mercury in oleander plants was studied.
The results show that total mercury concentrations in soil range
from 116.7 ± 24.3 up to 350.9 ± 68.6 mg kg -1. However, the soluble
and exchangeable fractions are about 0.15% of the total mercury
measured in all samples. Soluble mercury is less than 0.037 mg kg-1,
and therefore, the leaching process and transport of mercury to river
water is very low. Comparing the different soil fractions, Hg was
found mainly in the most resistant soil fractions (crystalline Fe-Mn
oxyhydroxides, organic matter absorbed and the final residue).
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Mercury distribution in N. oleander plants is not homogeneous
throughout the aerial part, but is not considered a high content in
any case. In general, the concentration is significantly higher in the
leaves followed by stems and fruits (leaves: 0.282 ± 0.014 – 1.022 ±
-1
-1
0.110 mg kg ; stems: 0.087 ± 0.011 – 0.354 ± 0.046 mg kg ; fruits:
-1
0.030 ± 0.003 – 0.077 ± 0.009 mg kg ). This evergreen shrub has a
high biomass and with its high toxicity it is non-edible to animals,
and therefore this specie is appropriate in a phytotechnology process
to be applied within flooded river areas.

RS9-P12
METHYLMERCURY AND DISSOLVED ORGANIC MATTER
VARIATIONS IN A MERCURY CONTAMINATED CREEK
1

1
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1
1
Xiangping , BOGLE, Mary Anna
(1) Oak Ridge National Laboratory, millercl@ornl.gov
East Fork Poplar Creek (EFPC) in Oak Ridge, TN, USA has elevated
mercury concentrations as a result of historical Hg use at the
Y-12 National Security Complex (Y-12 NSC). Mercury discharge
from the facility has decreased 85% since the 1980’s but Y-12 NSC
continues to act as a source of Hg to the system. Contaminated
sediments and soils, both inside and outside Y-12 NSC, also act
as a source of Hg. The objective of this work was to study the
relationship between the quality and quantity of dissolved organic
matter and the concentrations of inorganic and methylmercury
(MeHg). Filtered (0.2 μm pore size) and unfiltered total Hg (HgT)
and MeHg concentrations were measured three times in 2010 and
2011 at 7 sites along a 20-km reach of the creek. In October 2010
the concentration of filtered HgT decreased downstream from
35 to 8.4 ng/L. Unfiltered Hg varied from 125 to 300 ng/L. No
decreasing trend was observed downstream likely due to variable
suspended solid concentrations throughout the system. In contrast,
MeHg increased from 0.10 to 0.25 ng/L and 0.15 to 0.40 ng/L in the
filtered and unfiltered fraction, respectively. Filter passing HgT only
constituted 7.0 ± 4.5% of the total Hg in the system while MeHg was
more abundant in the filter passing fraction (65 ± 13%). The highest
filtered (0.88 ng/L) and unfiltered (3.6 ng/L) MeHg concentrations
were measured in an ephemeral tributary to the main creek channel
draining a portion of the floodplain. Dissolved organic carbon
(DOC) concentration increased downstream (1.9-3.5 mg/L) with
the highest DOC concentration in the floodplain tributary (4.5
mg/L). Both total and dissolved MeHg were positively correlated
with DOC concentration whereas filter passing and HgT were not
correlated to DOC. Increasing specific UV absorbance (SUVA254)
coupled with decreasing slope ratio (S275-295/S350-400) downstream
indicates an increase in molecular weight and aromaticity of the
dissolved organic matter (DOM). Filter passing MeHg is positively
correlated with SUVA254 and negatively correlated with slope ratio.
These results suggest that (i) floodplain soils may serve as a source
of higher molecular weight, more aromatic DOM to the creek, (ii)
MeHg-particle partitioning varies with DOM quality which may
have implications with respect to MeHg mobility and uptake by
biota. Additional studies using ultrafiltration are being conducted
to examine the distribution of mercury in different size fractions of
DOM.
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TS16-O8
FIELD AND LABORATORY CHARACTERIZATION OF
MERCURY CONTAMINATED SOILS – IMPLICATION ON
MERCURY TRANSFORMATION AND REMEDIATION
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(1) Oak Ridge National Laboratory, millercl@ornl.gov
The Y-12 National Security Complex (Y-12 NSC), a US Department
of Energy facility in Oak Ridge, TN, USA, used 11 million kg of
0
elemental mercury (Hg ) between 1950 and 1963 for lithium isotope
separation processes. Mercury released during this period still
remains in soils, groundwater, and in and under buildings at the
facility. Mercury field characterization was conducted in 2010 using
soil-gas analyses at contaminated sites and mercury contaminated
cores were recovered from the surface down to 9 meters. More than
75 soil sub-samples were processed to quantify and characterize
Hg using analytical methods, including total Hg digest/atomic
absorbance (AA) detection, sequential extraction, Hg(0) headspace
analysis and SEM. Hg concentrations, determined by AA detection
following soil digestion, ranged from 0.2 to 19000 ppm. Analytical
challenges exist in quantifying total Hg concentrations in samples
that contain elemental Hg due to the difficulty of obtaining
homogeneous samples. Multiple analyses (n=5) were conducted on
0
several samples containing Hg and the resulting percent relative
standard deviation in total Hg concentration were as high as 76%.
0
Headspace analysis for Hg conducted in the laboratory proved to
be an effective and rapid technique to identify samples containing
0
beads of Hg and was used to prescreen samples before total Hg
analysis. Interestingly, headspace analysis conducted on some
0
samples containing Hg showed that the gas phase was not saturated
0
with Hg0, as would be expected if Hg was present in the sample.
0
This could be a result of the formation of coatings around the Hg
in the soils inhibiting the volatilization of the Hg. The presence of
0
a coating around small beads of Hg is supported by SEM images
obtained on the samples. These coatings have the potential to reduce
the solubilization and oxidation of Hg in contaminated soils and
therefore, understanding these coatings has important implications
0
on the remediation of soils containing Hg . Sequential extractions
were also conducted on samples with and without Hg0 to
understand Hg speciation and to examine the reactivity of different
Hg fractions within contaminated soils collected from the site.

TS16-P19
EFFECTS OF RECLAMATION AND OTHER CONTROL
METHODS ON REDUCING NON-POINT SOURCE
MERCURY EMISSIONS FROM INDUSTRIAL-SCALE GOLD
MINES
1

1

MILLER, Matthieu , GUSTIN, Mae
(1)UNR, matthieum@unr.edu

Mercury (Hg) is often naturally enriched in rocks hosting gold
mineralization, and consequently can be released during the mining
and processing of gold ore. Hg emissions from non-point sources
at industrial open pit gold mines, which include spatially extensive
areas of ore in varying stages of processing as well as waste rock
material, can be significant. Recent work suggested that Hg releases
are highest from materials being actively leached for gold and from
the tailings impoundments that contain residual rock waste from
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mill processing. Field data suggested that reclamation and dust
control techniques already commonly applied at mining operations
may substantially reduce Hg emissions. This project investigated
potential reductions in Hg emission using two of these techniques:
capping of high Hg mine process materials with low Hg substrates,
and application of dust control solutions. Oxide ore rock, tailings
waste, and capping substrate materials were collected from four
open pit gold mines in north-central Nevada, and flux data were
collected using dynamic flux chambers in a controlled environment
at the University of Nevada, Reno. Preliminary results indicate that
depending on substrate characteristics, capping high Hg materials
with low Hg substrates can reduce Hg emissions significantly, under
both wet and dry conditions. Both low-grade oxide ore and tailings
waste material showed low Hg flux when dry (mean 0.7 and 4.6 ng
-2
-1
m hr , respectively), and small difference in flux between capped
and uncapped samples. Wet materials showed much higher fluxes
-2
-1
(100s ng m hr ) and a greater difference in flux for capped versus
uncapped.

RS1-P12
INTEGRATING MULTIPLE METHODS TO BETTER
UNDERSTAND THE ATMOSPHERIC CHEMISTRY OF
MERCURY AND MERCURY DRY DEPOSITION IN THE
SEMI-ARID BASIN AND RANGE
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Gaseous oxidized mercury (GOM) in air is currently measured
using collection on annular denuders and on a variety of surrogate
surfaces, with subsequent conversion to elemental Hg and
quantification by Cold Vapor Atomic Fluorescence Spectroscopy
(CVAFS). The exact chemical composition of GOM is not known,
however current thinking is that halogenated forms are important,
and possibly sulfur and oxygen containing compounds as well. This
project focuses on developing a method to indirectly determine the
form of GOM in air through collection on a surface and subsequent
temperature-specific desorption. A variety of filter media are being
tested for the collection of GOM in ambient air and in air with
specific GOM-permeated forms. Thus far, quartz fiber and ion
exchange membranes deployed passively, and PTFE and nylon filters
deployed in a multiport manifold with forced air flow through the
filters, have been investigated. During these exposures, atmospheric
Hg concentrations are measured concurrently using an automated
air mercury analyzer (Tekran 2537A/1130). After deployment, GOM
deposition to filter media has been quantified by thermal desorption
in a tube furnace using a sequential heating program, as well as by
aqueous digestion and CVAFS analysis (EPA Method 1631). GOM
deposition to quartz fiber and PTFE filters was not significantly
different from blank values using both quantification methods. Ion
exchange membranes and nylon filters showed significant collection
of GOM, with nylon filters showing better agreement in total Hg
recovery between quantification methods. HgCl2 was released from
nylon filters dominantly in the temperature range between 140 and
180 °C, whereas HgBr2 was mostly released at temperatures below
140 °C. We are continuing to refine our data collection method with
laboratory tests and field deployments in the summer.
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FG10-O12
BIOAVAILABILITY AND METHYLATION POTENTIAL OF
MERCURY IN SOUTHERN BALTIC SEA SEDIMENTS
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Mercury is a highly toxic metal. It may damage cellular membranes,
inhibit enzymes or damage DNA and RNA chains. It is easily
bioaccumulated, and neurotoxic organomercurials are biomagnified
in food chains. The most toxic and bioavailable form of mercury is
methylmercury. Methylmercury is formed as a result of biological
and chemical processes of oxidation and reduction, namely the
biotransformation of inorganic and organic mercury species and the
photochemical reactions involving organic compounds of mercury.
Mercury methylation in bottom sediments is adequately described
in the literature but a mathematical description, enabling evaluation
of a given sedimentary environment readiness for methylmercury
formation is lacking.
The study is presented, aiming at developing a quantitative measure
of the phenomenon. For this purpose, an index – the ‘methylation
potential (Pm)’ – is proposed describing potential for mercury
methylation in the uppermost marine sediments. This index relates
Pm to mercury bioavailability based on sequential extraction,
and simple biogeochemical sediments properties (eg. organic
matter). One advantage of the approach, are results indicating good
correlation between Pm and mercury in fish from the study area.
Samples of surface sediments were collected from three areas in
the southern Baltic and one area in the Greenland Sea. The Gdansk
Basin and Vistula estuary (Baltic sea) were selected due to proximity
to mercury point sources, while the Gotland Deep (Baltic) and
Isfjord estuary (Greenland sea) - because they are distant from point
sources. Sediments were analysed for total mercury (HgTOT) and
three operationally defined mercury fractions: HgA – contained in
pore waters, HgF – bound to fulvic acids and HgH – bound to humic
acids. To validate methylation potential model, correlation between
Pm and methyl mercury in sediments samples was tested and
proved statistically significant.

MG14-P29
MERCURY IN HAIR AND CLINICAL SYMPTOMS IN
RIVERINE COMMUNITIES OF THE AMAZON
1

MIRANDA, Antônio Marcos Mota
(1)Evandro Chagas Institute, marcosmota@iec.pa.gov.br
In the Amazon, the main route of mercury exposure to riverine
populations in the Tapajós basin occurs by preferential consumption
of fish. Assess groups of elderly in riverine populations from
clinical symptoms and their relationship to levels of total mercury
in the capillary tissue is an important tool for environmental
health surveillance. This study evaluated two groups of elderly. In
the first (N=55), consisting of residents of the Barreiras, riverside
community on the left margin of the Tapajós river, City of Itaituba,
area of mercury environmental exposure due to gold mines located
in region. In the second (N=26), consisting of residents of the
District of Tabatinga, city of Juruti, identified as control group.
We conducted a cross-sectional study from the clinical evaluation
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and its correlation with mercury levels in hair of each elderly
investigated. This human research was approved by the Research
Ethics Committee of the Evandro Chagas Institute. The levels of
total mercury in hair were measured by CV-AAS. In Tabatinga
average mercury in the hair of the elderly population was 6.58 μg/g.
In this group, the average women (N=17) was 5.545 μg/g, values
lower than the averages recorded in men (N=9) of 8.543 μg/g.
Barreiras in the mean mercury in the hair of the elderly was 12.810
μg/g. For this group, women (N=31) showed average levels of 10.276
μg/g while in men (N=24) was at 16.099 μg/g. From these results
can be observed that the average of mercury in the population of
Barreiras is approximately twice the values found in the population
of Tabatinga, confirming that the population of barriers is more
exposed to mercury. To evaluate the effects of increased exposure
were compared clinical symptoms with average of mercury in hair.
Among those elderly people who had lung changes the average of
mercury in Tabatinga was 6.739 μg/g while Barreiras was at 10.585
μg/g. For those with cardiovascular average mercury was at 6.739
μg/g while Barreiras was at 10.585 μg/g, showing similarities to
the group with pulmonary disorders. Among the groups of elderly
who complained of headache clinics the average mercury in the
hair was at 6.748 and 13.131 μg/g in Tabatinga and Barreiras,
respectively. The highest average mercury in the elderly population
of the Barreiras associated with clinical complaints show that
this group is more vulnerable than in Tabatinga and that these
populations should be expanded monitoring programs and control
of environmental health surveillance.

MG7-P38
METHYLMERCURY FORMATION IN SEDIMENTS OF
AN OLD HYDROELECTRIC RESERVOIR IN BRAZILIAN
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One of the several environmental impacts of creating reservoirs
is the increased methylmercury production and its accumulation
in fishes. It can be a result of the major entry of organic matter
when the area is flooded. Since biological methylation is a
result of microbial activity, this input of organic matter can fuel
the methylmercury formation as a result of degradation and
mineralization. Samuel Reservoir on the Jamari river (Rondônia,
Brazil), built in 1986 is one of the most important hydroelectric
power plants in the Amazonian Region. The sediment samples were
collected in 4 different sites of the reservoir: P1 - near the dam, P2 40 km upstream the dam, P3 - Igarapé São Marcos and P4 - Igarapé
203
Japiin. Samples were incubated with radioactive mercury ( Hg) for
203
24hs in the dark. Radioactive methylmercury formed (Me Hg) was
measured in liquid scintillation counter after selective extraction in
toluene and results were expressed as mercury methylation potential
(%). Tributaries presented higher mean values than Jamari River
sites (p = 0.0067). The methylation potential measured in tributaries
varied from 0.8-1.97 %MeHg/g dry weight/24h, and in the Jamari
River varied from 0.23-0.63 %MeHg/g dry weight/24h. Samuel
reservoir is an old tropical hydroelectric power plant (20 years),
however methylmercury production in its sediments is still high
values when compared to the Madeira River bottom sediments.
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METHYLMERCURY PRODUCTION IN FRESH LEAF LITTER
OF AN AMAZONIAN STREAM (IGARAPÉ)
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Inpetam; (7) PUC-Rio.
Organic matter decomposition can stimulate mercury methylation.
The Amazon Region hydrological cycle is dominated by annual
flooding events, known as Flood Pulses. Large areas are flooded
for long periods, accelerating organic matter decomposition. Since
detrital microbial metabolism is one of the major energy flows
in all ecosystems, we investigated methylmercury production
and microbial activity during the in-situ decomposition of fresh
leaf litter in a stream of the Madeira river basin. Leaf packs were
placed in the stream (igarapé) and leaves sampled 3, 7, 17 and
51 and 83 days after the beginning of the experiment. Samples
203
(approximately 2g ww) were incubated in situ with HgCl2 for 24
203
hs. Formed Me Hg was extracted in toluene and radioassayed
by liquid scintillation. Bacterial carbon production was estimated
3
14
from incorporation of radio-labeled leucine ( H or C) into
bacterial protein over time. The incubations were done in 2 mL
microcentrifuge tubes containing a leaf disc (0.5 cm diameter) and
1 mL of filtered (0.22 μm) stream water. The 60-min. incubations
were done in the dark at 25 °C and interrupted with formaldehyde
(5% final concentration). Bacterial proteins were extracted using the
trichloroacetic acid method combined with microcentrifugation.
Eh, pH, dissolved oxygen, conductivity, temperature and suspended
solids were measured during the sampling. Here we show that
high mercury methylation potentials (10.63±6.53 %MeHg/g dry
weight/24h) and bacterial carbon production (0.13±0.02 ng C/
2
cm /h) were found in decomposing Chamaecrista negrensis leaves
in the first week of exposure. After two weeks, mercury methylation
and bacterial production decreased. Mercury methylation and
2
bacterial production showed a significative linear regression (R =
0.8041, p = 0,0392). This finding evidences the importance of the
microbiological community activity on methylmercury formation.
The results indicate that the leaf litter has an enormous potential
for methylmercury formation. This potential is related with several
environmental variables. Among these, the quality of organic matter
to the aquatic system and its subsequent degradation are likely to be
the most important ones.

TS10-P16
METHYLMERCURY AND MERCURY METHYLATION IN
PERIPHYTON FROM THE TAPAJOS RIVER (BRAZILIAN
AMAZON)
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Periphyton associated to the roots of floating aquatic macrophytes
is a major link for mercury methylation in tropical ecosystems.
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Mercury is methylated mainly by sulfate-reducing, and previous
studies found a diverse SRB community associated to the
roots of floating macrophytes and high methylation potentials.
Methylmercury concentration in the environment is a result of
methylmercury production/degradation as well as methylmercury
importation/exportation.The aim of this work was to evaluate the
concentration of MeHg in periphyton, as well as its relationship
203
with the Me Hg production. The study area was the lower Tapajós
River, a major tributary of the Amazon, where Paspalum repens
was the dominant floating macrophyte. Sampling was done at the
beginning of the descending waters season. We used radiotracer
techniques to measure the net mercury methylation potentials (24
203
h incubation with Hg) and CV-AFS to evaluate methylmercury
concentration on macrophyte root-associated periphyton. Net
203
Me Hg formation in P. repens periphyton, expressed as % of total
203
added Hg, was high but varied considerably among sites varying
from 2.2 to 44 %MeHg/g dw/24h.Methylmercury concentrations
in periphyton of the aquatic macrophyte Paspalum repens sampled
in Tapajós river tributaries ranged from 0.9 to 5.22 ng/g dw, and
2
presented a significant correlation (R = 0.7788; p=0.0199; n=6)
203
with Me Hg production. Methylmercury produced in the rootassociated periphyton may be regarded as highly bioavailable and
this complex matrix should receive more attention in the context of
Hg biogeochemistry studies.

TG7-P14
METHYLMERCURY FORMATION STIMULATED BY
“TERRA FIRME” (UPLAND) FOREST FLOODING: A
LABORATORY EXPERIMENT
1

2

MIRANDA, Marcio R. , GUIMARAES, Jean Remy D. , MARINHO,
3
1
4
Claudio , COELHO SOUZA, Sergio A. , DE CARVALHO, DP ,
BASTOS, Wanderley R.
(1) Inpetam, topo@biof.ufrj.br; (2) IBCCF/Universidade Federal do
Rio de Janeiro; (3) IB/UFRJ; (4) UNIR
The Amazon Basin is one of the most studied regions in South
America regarding mercury contamination from anthropogenic and
natural sources. However, very little is known about the mercury
methylation process in worldwide terrestrial environments. Here we
show mercury methylation potentials in non-flooded rhizospheres
and soils from Madeira River Basin evergreen Terra Firme (upland)
Forest. This forest is a species-rich mixed vegetation with a peculiar
root mat (rhizosphere) composed of a tangled net of fine, hairless
roots growing outside the soil, strongly attached to decomposing
organic matter. The aim of this study was to investigate stimulation
of the methylmercury production through simulated Terra Firme
flooding experiment. Samples were collected at the Rondônia
203
Federal University Campus forest and incubated with HgCl2 for
24h to evaluate methylmercury production after different lengths of
flooding. The physical-chemical parameters (pH, redox potential,
dissolved oxygen, conductivity, temperature and suspended solids)
were related to the radioactive methylmercury formed in inundation
experiments in order to evaluate their influence on methylmercury
formation. After 20 days of flooding, mercury methylation potential
increased 38 fold in rhizosphere (1.49±0.55 %MeHg/g dw/24h) and
44 fold in soil (3.98±1.11 %MeHg/g dw/24h) when compared to
non-flooded controls (0.04±0.03 % MeHg/g dw/24h, rhizosphere;
0.09±0.07%MeHg/g dw/24h, soil). Methylmercury formation was
related to the flooding time (days), increased conductivity, pH
and suspended solids and decreased redox potential. These results
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indicate that the area that will be affected by the construction of the
Santo Antonio reservoir, Madeira River, has an enormous potential
for methylmercury formation. This potential is related with several
environmental variables. Among these, the input of terrestrial
organic matter to the aquatic system and its subsequent degradation
are likely to be the most important ones.
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METHYLMERCURY FORMATION IN THE MADEIRA RIVER
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The Madeira River Basin accounts for 20% of the drainage area
of the Amazon Basin. In the last 30 years the Rio Madeira basin
has been impacted by anthropogenic activities, including alluvial
gold extraction, deforestation for agriculture projects, and more
recently damming for a hydroelectric power plant. Damming
rivers for hydropower generation causes different environmental
and health impacts, among which the increase in fish Hg levels.
Reservoirs can act as total Hg traps, due to sedimentation of
suspended sediments, and as MeHg sources to the reservoir itself
and waters downstream. The aim of this study was to investigate
mercury methylation sites at the direct influence area of the Santo
Antônio hydroelectric reservoir before its construction in the
Madeira River (Rondônia, Brazil). The following factors were
evaluated: i) in situ methylmercury production in the rhizosphere
and soil from Terra Firme (upland) Forest; ii) methylmercury
production in the rhizosphere and soil stimulated by seasonal
flooding pulse; iii) methylmercury production in bottom sediment.
203
Samples were incubated with HgCl2 to evaluate methylmercury
production. Results from Terra Firme Forest confirmed the in situ
methylmercury formation in rhizosphere (0.38±0.16 %MeHg/g
dw/24h, rainy season; 0.56±0.35 %MeHg/g dw/24h, dry season)
and soil samples (0.08±0.03 %MeHg/g dw/24h, rainy season;
0.31±0.18 %MeHg/g dw/24h, dry season). Regarding the Flooded
Forest samples, the flooding pulse does not seem to influence
methylmercury formation in rhizosphere (0.40±0.19 %MeHg/g
dw/24h, rainy season; 0.74±0.43 %MeHg/g dw/24h, dry season)
nor in soil samples (0.13±0.07 %MeHg/g dw/24h, rainy season;
0.58±0.31 %MeHg/g dw/24h, dry season). Mercury methylation
potentials in Madeira River sediments were 0.043±0.012 %MeHg/g
dw/24h in the rainy season and 0.12±0.097 %MeHg/g dw/24h in
the dry season. In tributaries, mercury methylation potentials were
0.21±0.046 %MeHg/g dw/24h for the rainy season and 0.29±0,254
%MeHg/g dw/24h for the dry season. Observed differences
between sampling sites and seasons were not statically different (p =
0,534). The results indicate that the area that will be affected by the
construction of the reservoir presents an expressive methylmercury
formation in comparison to previous studies in other Amazonian
basins.
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TG7-O11
BINDING OF HG(II) TO HIGH AFFINITY SITES ON
BACTERIA INHIBITS REDUCTION TO HG(0) BY MIXED
FE(II/III) PHASES
1

1

MISHRA, Bhoopesh , O’ LOUGHLIN, Edward , BOYANOV,
1
1
Maxim , KEMNER, Kenneth
(1) Argonne National Laboratory, bmishra@anl.gov
Magnetite and green rust have been shown to reduce aqueous HgII
to Hg0. In this study, we have tested the ability of magnetite and
green rust to reduce HgII sorbed to 2g/L biomass (Bacillus subtilis)
at high (50 μM) and low (5 μM) Hg loadings, and at pH 6.5 and
II
5.0. At high Hg:biomass loading, where Hg binding to biomass is
predominantly through carboxyl functional groups, Hg LIII edge
II
0
XAS showed reduction of Hg to Hg by magnetite. Reduction
occurred within 2 h and 2 d at pH 6.5 and 5.0 respectively. At low
Hg:biomass loading, where HgII binds to biomass via sulfhydryl
functional groups, HgII was not reduced by magnetite at pH 6.5
or 5.0 after 2 months of reaction. Green rust, which is generally a
stronger reductant than magnetite, reduced about 20% of the total
II
0
Hg , bound to biomass via sulfhydryl functional groups, to Hg
II
in two days. These results suggest that Hg binding to carboxyl
functional groups does not significantly inhibit the reduction of
II
II
Hg by magnetite. However, the binding of Hg to biomass via
sulfhydryl functional groups severely inhibit the ability of mixed
II
II
0
Fe phases like magnetite and green rust to reduce Hg to Hg . The
mobility of heavy metal contaminants in aquatic and terrestrial
environments is greatly influenced by their speciation, especially
II
with respect to oxidation state. In the case of Hg, reduction of Hg
0
0
to Hg can increase Hg mobility due to the volatility of Hg . Since
Hg is typically present in aquatic and terrestrial systems at low
II
concentrations, binding of Hg to high affinity sites on bacteria
could have important implications for the potential reduction of
II
0
Hg to Hg and overall mobility of Hg in biostimulated subsurface
environments.

hydrological linkages to nearby lakes. Although considerations of
risk from peatland-derived MeHg are usually focused on lakes, little
research has been conducted on risks to peatland invertebrates,
which may have critical ecological linkages to small mammals,
amphibians, and birds. A key question is whether soil and pore
water MeHg concentrations in peatlands drive the load of mercury
observed in peatland invertebrates.
This study was part of a large-scale peatland manipulation
experiment at the Marcell Experimental Forest in Minnesota.
Annual wet sulphate deposition was increased four-fold above
background in one half of the peatland through a piped sprinkler
system for four years. In 2006, this experimental half was
subdivided into portions where sulphate deposition was either
continued until the end of 2008 (experimental) or ceased in 2006
(recovery). Peatland invertebrates were sampled in spring 2009 by
hand picking and netting.
The most abundant and ubiquitous invertebrate genera across
sub-habitats and treatments were Culex (mosquito), Limnephilus
(caddisfly), and Dytiscus (predaceous diving beetle) larvae. Pore
water and solid-phase MeHg concentrations followed the pattern
experimental > recovery > control, with some spatial dependencies.
Mercury concentrations (means in ng/g dry weight in experimental,
recovery, and control, respectively) in mosquito (149, 92, 79),
caddisfly (105, 50, 59), and diving beetle (154, 61, 53) larvae
followed nearly the exact same patterns. Methylmercury analysis
is ongoing to confirm the percentages of total Hg as MeHg in the
different taxa. The study demonstrates that peatland invertebrate
loads of mercury reflect gradients in MeHg accumulation in water
and peat. Also, soil, water, and biotic concentrations of MeHg
decreased significantly after only two years of lessened sulphate
deposition, suggesting that further controls on sulphur emissions to
the environment could have significant and rapid effects on lowering
mercury burdens in peatland biota.

RS15-P2
FG8-O2
MERCURY BURDEN IN PEATLAND INVERTEBRATES
IN RELATION TO AN EXPERIMENTALLY-DERIVED
METHYLMERCURY GRADIENT
1
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Edward B. , MONSON, Bruce , KOLKA, Randall K.
(1) University of Toronto-Scarborough, carl.mitchell@utoronto.ca;
(2) University of Toronto; (3) USDA Forest Service; (4) St. Croix
Watershed Research Station; (5) Minnesota Pollution Control Agency
Wetlands are particularly important areas of methylmercury
(MeHg) production, partly because they support sulphate-reducing
bacteria, microbial mediators of methylation. Not all wetlands have
equal MeHg production, and there are large differences among
wetlands’ spatial and hydrological connections to aquatic systems
supporting fish. Peatlands are not fish habitat, but often have
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PROTECTION BY COMBINATION THERAPY (NAC + ZN +
SE) AGAINST DIMETHYLMERCURY INDUCED OXIDATIVE
STRESS - A PROTECTIVE APPROACH
1

MITTAL, DEEPAK
(1) JIWAJI UNIVERSITY, GWALIOR, deepakmittal05@gmail.com
Environmental pollution by heavy metals is a red-hot issue. It
is being studied from many points of view, as it is not only an
environmental problem but also a public health matter. Metals
have been mined and used since ancient times. Metals are highly
persistent and thus extremely harmful to living beings because of
their bioconcentration, bioaccumulation and biomagnification in
food chain. Mercury is such a toxic non-radioactive, volatile heavy
metal which is ubiquitous pollutant that mainly affects various body
systems particularly CNS, hepatic, renal, hametopoietic and crosses
blood brain barrier. The basis of mercury toxicity is undoubtedly
multifactorial. The present investigation was conducted to assess
the effects of thiol chelators (NAC & DTT) along with antioxidants
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(Zn & Se) in liver, kidney, brain and blood. Efforts have been
made to minimize the oxidative stress and toxic effects caused by
mercury. Male rats of Sprague Dawley strain were administered a
single dose of dimethylmercury (10 mg/kg, p.o.). Results revealed
a significant rise in AST, ALT, ALP activities, bilirubin, urea and
creatinine concentration where as albumin level was decreased
in serum. However, a significant rise in LPO with a concomitant
decrease in GSH was observed. An appreciable fall was observed
in AChE in different regions of brain. These parameters were
restored considerably with NAC when compared to DTT. To
further enhance the efficacy of NAC, it was supplemented with
Zn & Se. Results reveals that NAC+ Zn+ Se proved to be the most
efficacious when compared to other treated groups in mobilizing
mercury retention and helped in recovery of biochemical variables
to a considerable extent. These findings were further substantiated
by histopathological observations, ultrastructural changes and
molecular aspects by DNA damage study.

RS4-P7

RS15-P3

AMDEs are events associated with arctic sunrise. It has been
observed that when the sun returns to the polar areas, mercury in
the atmosphere is transformed from gaseous elemental mercury
(GEM) to more reactive forms of mercury, for instance reactive
gaseous mercury (RGM) and Hg-P. These events are most likely
dependent on temperature, and are seldom observed during the
arctic summer.

PROTECTION BY COMBINATION THERAPY (NAC + ZN +
SE) AGAINST DIMETHYLMERCURY INDUCED OXIDATIVE
STRESS - A PROTECTIVE APPROACH
1

MITTAL, DEEPAK
(1) JIWAJI UNIVERSITY, GWALIOR, deepakmittal05@gmail.com
Environmental pollution by heavy metals is a red-hot issue. It
is being studied from many points of view, as it is not only an
environmental problem but also a public health matter. Metals
have been mined and used since ancient times. Metals are highly
persistent and thus extremely harmful to living beings because of
their bioconcentration, bioaccumulation and biomagnification in
food chain. Mercury is such a toxic non-radioactive, volatile heavy
metal which is ubiquitous pollutant that mainly affects various body
systems particularly CNS, hepatic, renal, hametopoietic and crosses
blood brain barrier. The basis of mercury toxicity is undoubtedly
multifactorial. The present investigation was conducted to assess
the effects of thiol chelators (NAC & DTT) along with antioxidants
(Zn & Se) in liver, kidney, brain and blood. Efforts have been
made to minimize the oxidative stress and toxic effects caused by
mercury. Male rats of Sprague Dawley strain were administered a
single dose of dimethylmercury (10 mg/kg, p.o.). Results revealed
a significant rise in AST, ALT, ALP activities, bilirubin, urea and
creatinine concentration where as albumin level was decreased
in serum. However, a significant rise in LPO with a concomitant
decrease in GSH was observed. An appreciable fall was observed
in AChE in different regions of brain. These parameters were
restored considerably with NAC when compared to DTT. To
further enhance the efficacy of NAC, it was supplemented with
Zn & Se. Results reveals that NAC+ Zn+ Se proved to be the most
efficacious when compared to other treated groups in mobilizing
mercury retention and helped in recovery of biochemical variables
to a considerable extent. These findings were further substantiated
by histopathological observations, ultrastructural changes and
molecular aspects by DNA damage study.
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A COMPARISON OF CONCENTRATIONS OF MERCURY
ASSOCIATED WITH PARTICULATE MATTER (HG-P)
AND AEROSOL SIZE DISTRIBUTION AT ZEPPELIN, NYÅLESUND.
1

1

2

MOEN, Ingvill Marie , BERG, Torunn , STRÖM, Johan
(1) Norwegian University of Science and Technology, ingvill.marie.
moen@gmail.com; (2) The Norwegian Polar Institute.
The presentation will deal with the relationship between
concentration of Hg-P and different size fractions of aerosols.
Both Hg-P and aerosols are being measured in arctic air. High
concentrations of Hg-P are normally observed in springtime during
atmospheric mercury depletion events (AMDEs), but here we
will consider a one year cycle. The data are being gathered at the
Zeppelin station, Ny-Ålesund, Svalbard.
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From Zeppelin hourly reports of total aerosol number density for
particles larger than 10nm (N10) are generated using a TSI 3010
Condensation Particle Counter (CPC) and size distribution that
covers the size range from 20nm to 630nm. For the size distribution
a custom build Differential Mobility Particle Sizer (DMPS) based
on a Hauke type Differential Mobility Analyzer coupled to a CPC
model TSI 3010 is used.
A Tekran mercury speciation unit, which also is situated at
Zeppelin, analyzes Hg-P on hourly basis. Air is sampled through a
quartz filter where Hg-P is trapped. Pyrolysis is used to release the
trapped Hg-P, it is then detected by CV-AFS. The speciation unit
measures GEM and RGM as well as Hg-P.

RS9-O15
LINKED DYNAMICS OF HG AND TERRESTRIAL ORGANIC
MATTER IN LARGE BOREAL LAKES: AN ASSESSMENT
OF ANTHROPOGENIC PERTURBATIONS OCCURRING IN
THEIR WATERSHEDS
1

1

1

MOINGT, Matthieu , LUCOTTE, Marc , PAQUET, Serge ,
1
GHALEB, Bassam , BEAULNE, Jean-Sébastien
(1) GEOTOP-UQAM, matthieumoingt@yahoo.fr
Mercury dynamics in boreal lakes is of special concern as human
populations may be exposed to the contaminant through fish
consumption. To evaluate the impact of watershed perturbations
on the mercury dynamics in boreal aquatic systems, we studied
sediment cores retrieved in six large boreal lakes of Québec
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(Canada) with watersheds disturbed by anthropogenic activities
such as logging or mining, and in two undisturbed lakes chosen
210
as reference lakes. Sediment rates estimated by Pb dating ranged
from 0.03 to 0.33 cm/yr. Total mercury profiles (THg) and lignin
biomarkers (indicators of both quantity and quality of terrigenous
organic matter) were obtained in all eight cores whereas watershed
modifications over the last three decades were determined by
analysis of remotely sensed images using GIS. In each core,
THg concentrations gradually increased over recent years with
maximum values comprised between 70 and 370 ng/g, the lowest
mercury concentrations corresponding to the reference lake
cores. Anthropogenic Sedimentary Enrichment Factor (ASEF) is
comprised between 2 and 15 and surprisingly, not all the lakes with
disturbed watersheds present an ASEF superior to the value of 3.5
usually reported in the literature. Terrestrial mercury fluxes, thus
appear buffered by watershed characteristics such as average slopes
near the lake shores., In one of the eight lakes, the sedimentation
rate was high enough to provide a satisfactory resolution of the
history of Hg and terrigenous organic matter inputs to the lake
since the onset of the industrial era. In this lake, variations of
total amount of lignin were correlated with variations of THg in
sediments suggesting that newly deposited atmospheric mercury is
easily transported by terrestrial organic matter to aquatic sytems.

TS2-P4
IMPACT OF ANTHROPOGENIC ACTIVITIES IN LAKE
WATERSHEDS OF NORTHERN QUEBEC ON LONG-TERM
EVOLUTION OF HG CONCENTRATIONS IN PIKE AND
WALLEYE
1

1

1

MOINGT, Matthieu , LUCOTTE, Marc , PAQUET, Serge ,
BEAULNE, Jean-Sébastien
(1) GEOTOP-UQAM, matthieumoingt@yahoo.fr
Mercury (Hg) dynamics in boreal lakes is of special concern as
human populations may be exposed to the contaminant through
fish consumption. In Northern Quebec, forestry and mining
represent major economic activities and watersheds which never
underwent perturbations over the past decades are rare. It has been
argued that logging and mining activities induce an increase of
mercury fluxes in the environment and consequently may result
in enhanced mercury concentrations in fish commonly consumed
by Northern Quebec populations. Here we report variations on
Hg concentrations in fish flesh of both pike and walleye over a 30
years period for undisturbed lakes and lakes with watersheds that
have been highly impacted by logging and/or mining activities.
Watersheds history over this period was estimated by satellite
imaging analysis using GIS whereas the estimation of mercury
fluxes reaching the lakes over the time was based on sediment core
analyses. Lignin biomarkers (indicators of both quantity and quality
of terrigenous organic matter) were also measured and allowed to
differentiate forestry from mining inputs of both organic matter and
associated mercury from the watershed to the lake.
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FG8-O5
MERCURY TROPHIC TRANSFER IN HIGH ALTITUDE
LAKES OF THE BOLIVIAN ALTIPLANO
1

2

3

MOLINA, Carlos I. , GIBON, F. M. , IBAÑEZ, Carla , PINTO,
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Julio , DUPREY, J.L. , POINT, David
(1)Unidad de Limnología, Instituto de Ecología, UMSA, C.P. 10077,
La Paz, Bolivia., camoar6088@gmail.com (2) UMR BOREA, UMR
IRD 207, Muséum National d’Histoire Naturelle (MNHN), Paris ,
France.; (3) Institut de Recherche pour le Développement (IRD), CP
9214, La Paz, Bolivia.; (4) UMR GET, UMR IRD 234, IRD, 31400,
Toulouse, France.
Methylation and biomagnification of mercury are well documented
in aquatic ecosystems of the Amazon. But their occurrence at the
high altitudes of the arid and cold Altiplano is still poorly known.
Recent researches on two Bolivian lakes have demonstrated their
importance.
We compared the trophic structure and mercury transfer in aquatic
communities of two bolivian lakes (Uru Uru and Poopo). Both
lakes are located in a semiarid region and form part of the endoreic
bolivian-peruvian Titicaca catchment located at 3800m. Lake UruUru is directly connected to lake Titicaca by the Desaguadero River,
it also has additional tributaries polluted by effluents of mining and
urban origin. Lake Poopo located downstream of lake Uru Uru is
only connected to lake Titicaca and lake Uru-Uru during the wet
season and present a north-south salinity gradient.
13

15

In lake Uru-Uru, stable isotope (δ C and δ N) analysis of the
different compartments allowed us to discriminate the different
trophic sources involved. In general, the bottom sediment (organic
matter) was the most important carbon source for the food
webs, followed by an aquatic plant (Myriophyllum sp.) and the
periphyton (biofilm). Macroinvertebrates were primary consumers,
showing intermediate mercury concentrations (0,1 – 0,2 mg/Kg).
The higher trophic positions were represented by fishes (Orestia
spp.) and a grebe (Rollandia Rolland), with maximum mercury
concentrations higher than 0,5 mg/Kg. In lake Poopo, we studied
five sites according to the salinity gradient from north to south. The
diversity of aquatic organisms was inversely correlated with salinity,
showing a shorter and simpler food chain than in lake Uru-Uru. The
bottom sediment was the unique source for the food webs and fish
top predator (Odontesthes bonariensis) showed Hg concentrations
higher than 0,6 mg/Kg.
In both lakes, Hg transfer and biomagnification along the trophic
structure (from source to top predator) was observed. These results
showed that mercury methylation processes were significant in these
two lakes.
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RG8-P14
INFLUENCE OF FLOODPLAIN LAKES
HYDROMORPHOLOGY ON MERCURY ACCUMULATION
PATTERNS IN MACROINVERTEBRATES OF THE BOLIVAN
AMAZON
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IRD 207, Muséum National d’Histoire Naturelle (MNHN), Paris,
France.; (3) Institut de Recherche pour le Développement - IRD, CP
9214, La Paz, Bolivia.; (4) UMR GET, UMR IRD 234, IRD, 31400,
Toulouse, France.
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15

Using stable isotopes of δ C and δ N, we evaluated mercury
accumulation in macroinvertebrates groups of five floodplain lakes
of the Rio Beni, Bolivian Amazon. These lakes ware characterized by
different degrees of connectivity to the main River. Nutrient sources
and macroinvertebrates were collected in both the vegetation belt
and the open waters area of each lake. The dominant group was
13
insects followed by molluscs and gastropods. δ C signatures allowed
the identification of six carbon sources: seston, bottom sediment
(open water area), periphyton, terrestrial vegetation, macrophytes
C3 and C4 (vegetation belt area). Most macroinvertebrates species
showed significant variability among lakes and seasons, the main
15
driving variables being carbon sources, trophic positions (δ N), and
mercury accumulation. The degree of connectivity of the different
lakes to the main river was found to influence significantly Hg
accumulation and speciation in macroinvertebrates. A relatively
higher fraction of methylmercury was found in invertebrates from
older lakes (connected to the river only during exceptional flood
events) compared to younger lakes (connected to the river during
all wet seasons). These results showed that lakes hydromorphology
was an important factor driving Hg accumulation and speciation in
Amazonian food webs.

MG7-P28
BIOGEOCHEMISTRY OF MERCURY SPECIES IN A HIGH
ALTITUDE LAKE (URU URU LAKE, BOLIVIAN ALTIPLANO)
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(1) LCABIE-IPREM UMR5254 UPPA-CNRS, mathilde.monperrus@
univ-pau.fr; (2) GET UMR5563 IRD-UPS-CNRS
Bolivian lacustrine ecosystems are exposed since several centuries
to intense mining activities and act as an important sink for
sediments, mining effluents and associated trace contaminants.
2
The Uru Uru Lake (214 km at 3693m of elevation), part of the
Titicaca-Desaguadero-Poopó-Salar lagoonal system, is characterized
by contrasted seasonal hydrologic regimes, shallow waters, strong
physico-chemical gradients, intense anthropogenic pressure and
high primary productivity. Only scarce data on Hg distribution
are up to now available for such ecosystems. High altitude lakes
could act as a highly dynamic biogeochemical reactor for Hg
transformation and transfer mechanisms. Moreover there is a
need of knowledge concerning the Hg cycle in that particular
environment, due to the risk of exposition of the local populations
through the Hg bioaccumulation along the food web, as well as for
the preservation of endemic aquatic species.

WWW.MERCURY2011.ORG

The aim of this work was thus to investigate the biogeochemical
reactivity of Hg by coupling mercury species measurements in the
sediment, pore waters and water column continuum with in situ
incubation experiments. Gaseous (Hg°, DMeHg), dissolved and
particulate mercury species (Hg(II), MeHg) have been measured
at 10 stations along a transect from the north to the south. Diurnal
reactivity has been evaluated by determining the different mercury
species concentrations every 2 hours during a 24 hours cycle,
from which gaseous Hg fluxes at the water-atmosphere interface
were derived. In situ incubation experiments using isotopically
199
201
enriched species ( Hg(II) and Me Hg) have been achieved for
water samples, sediments and periphyton in order to quantify
mercury species transformations (i.e. reduction, demethylation and
methylation) and to evaluate their contribution to the net MeHg
formation in the lacustrine system.

RG1-O1
FROM METHOD VALIDATION TO BIOCHEMICAL
EXPLORATION USING ENRICHED STABLE ISOTOPE
WITH CHROMATOGRAPHY (GC / LC) COUPLED TO
MASS SPECTROMETRY (ICPMS / ESIMSMS) FOR THE
SPECIATION ANALYSIS OF ENVIRONMENTAL AND
BIOLOGICAL MERCURY SPECIES
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(1) IPREM, mathilde.monperrus@univ-pau.fr; (2) University of
Oviedo
Currently, mercury speciation analysis is commonly performed by
a hyphenated system coupling a chromatographic separation with a
highly sensitive spectrometric elemental detection (AFS, ICPMS).
State of the art techniques generally combine the capabilities of the
different separation techniques (GC, LC) with the power of atomic
and molecular mass spectrometry detection techniques (ICPMS,
ESI-MS-MS) offering excellent sensitivity and specificity. These
techniques used for the determination of chemical forms of mercury
(IHg and MeHg) in the diverse biological and environmental matrix
are based on successive steps which may vary from one procedure
to another providing all method and matrix dependent analytical
biases. Moreover most of Hg speciation studies are limited to the
simplistic discrimination between basic chemical entities (i.e. IHg
and MeHg). In biological tissues, such Hg chemical entities can
bind to specific functional group such as sulfhydryl-type ligands to
from stable covalent complexes with biomolecules (amino acids,
peptides, proteins and polysaccharides). However, there is a lack of
knowledge regarding the identification and structural information
of biomolecules able to interact with Hg, especially in biological
tissues exhibiting specific metabolic pathways and toxicological
response to Hg contamination such as liver or kidney.
This work describes how the use of enriched stable isotope tracers
in mercury speciation analysis can improve the traceability and
accuracy of results, facilitate rational method developments, and
be useful for developing new analytical methodologies especially
for the investigation of Hg species binding biomolecules. The
different steps of analytical protocols for the determination of the
chemical mercury forms have been evaluated including the sample
treatment (lyophilisation, extraction and derivatisation), the spike
addition procedure (amount, equilibration) and the calculation
methodology for the quantification (classical isotopic dilution,
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speciated isotope dilution, isotopic deconvolution). The potential of
Hg stable isotopically labeled species in assisting the investigation of
Hg species binding biomolecules in the different tissular fractions
(cytosolic fraction, non water-soluble fraction and residual fraction)
have been also applied to biotissues. The use of isotopic tracers
allows not only to control for mercury species transformations
during the different sample preparation steps (lyophilization,
extraction, cellular fractionation) but also to validate specific Hg
species affinity with the different biomolecules molecular weight
fractions.

RG15-P10

individual glass eels will be presented with regards to their
morphological parameters, their growing state, and the seasonal,
temporal and spatial distribution. The evaluation of the impact
of MeHg bioaccumulation on their migratory behaviour will be
also discussed by comparing bioaccumulation between glass eels
presenting a high or low propensity to migrate.

TS5-O6
MERCURY IN FISH FROM THE GREAT LAKES REGION:
SPATIOTEMPORAL TRENDS AND ECOLOGICAL RISK
1

METHYLMERCURY IN EUROPEAN GLASS EELS FROM
THE BISCAY BAY (ATLANTIC COAST): CONCENTRATION
LEVEL, ASSIMILATION AND IMPACT ON THE
MIGRATORY BEHAVIOUR
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BARDONNET, Agnes , AMOUROUX, David
(1) IPREM, mathilde.monperrus@univ-pau.fr; (2) ECOBIOP.
Overall recruitment of European eel (Anguilla anguilla) remarkably
decreased since the early 1980ies, with observed losses of up to
99%. Although a coherent explanation for this phenomenon is
still missing, several possible causes are under suspicion, among
others: overfishing, oceanographic / climatic changes, migration
inhibitors, parasites and infectious diseases and contamination of
aquatic habitats with xenobiotics. Industrial contamination of river
systems with toxic metals can have long-term effects on the metal
body burdens. This is particularly true in the case of mercury which
is not only converted from a relatively toxic inorganic specie to a
very toxic organometal species (methylmercury, MeHg), but also
bioaccumulates and biomagnifies in aquatic biota. The leptocephalus
stage of eels is a key stage, characterized by the accumulation of
energy stores for metamorphosis and estuarine migration. When
they reach the continental shelf, they metamorphose into glass eels
which enter estuaries on the French Atlantic coast and then migrate
up estuaries without feeding. They progressively acquire green
and brown pigments to become yellow eels which colonized the
watershed for a long fresh-water growth phase. Then, eels undergo
a second metamorphosis into silver eels, and return to the Sargasso
Sea to reproduce and die.
In this work, marine and estuarine glass eels were collected in
different locations along the French Atlantic coast (Biscay Bay,
France) Seasonal variations have been evaluated by different marine
and estuarine sampling during the fishing season and the global
temporal evolution was investigating with annual sampling from
2004 to 2009. A performant analytical method using GC-ICPMS
for the determination of mercury species in glass eels has been
used. The developed methodology is able to analyse the mercury
species accurately and precisely using multiple species-specific
isotope dilution, allowing to correct for species transformations
during the analytical procedure. Low detection limits are achieved
(0.007 - 0.17 mg Hg kg-1 for MeHg and IHg respectively) allowing
the individual low mass sample analysis, even in the case of young
state where the sample weighed some tens of mg. The mercury
species concentrations levels determined for the different collected
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BHAVSAR, Satyendra P. , SANDHEINRICH, Mark B. , WIENER,
2
3
James G. , MONSON, Bruce A.
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This presentation synthesizes results from multiple regional
assessments of mercury in fish from the Great Lakes Region.
Compiled databases for mercury in the five Great Lakes and the
surrounding inland waters were analyzed for spatiotemporal trends,
ecological risk to top predator fish, and risk to loons and humans
consuming yellow perch. Four decades of fish tissue monitoring,
relying on reliable and consistent analytical methods, produced
more than 100,000 records of mercury in fish. The BioDiversity
Research Institute compiled MercNet as the main database based
on data submissions from federal, state, and provincial monitoring
programs. The records included fish from rivers and impoundments,
but were dominated by top predator fish species in inland lakes. A
statistical model based on 64,000 records of walleye and largemouth
bass showed a significant overall downward trend in mercury
concentrations between 1970 and 2009, with annual percent
changes ranging from -0.69% to -0.87%. Across the region, average
mercury concentrations in these two representative top predator
species increased from west to east and from south to north.
Seasonally, mercury concentrations were highest in the spring. A
separate analysis of U.S. EPA’s Great Lakes fish monitoring data
agreed with earlier presentations of Canadian monitoring results,
showing that lake trout from Lake Superior had the highest mercury
concentrations and walleye from Lake Erie the lowest. Mercury
concentrations in Great Lakes lake trout have trended downward
over the last decade (except for southern Lake Superior near the
Apostle Islands), but Lake Erie walleye have recently trended
upward. Because of the shifting levels of mercury concentrations,
the dataset for risk analyses was limited to 1990 or later. Mercury
concentrations in yellow perch from many of the region’s waters
exceeded the dietary threshold concentrations for loons and
humans. An analysis of risk to four piscivorous fish species found
44% of the walleye populations exceeded the threshold effect tissue
concentration (0.2 mg/kg wet weight in whole body of standardsized fish). The risk was less for the other three species (northern
pike, largemouth bass, and smallmouth bass) than for walleye,
but the conclusion is the same: fish populations, as well as the
consumers of fish, would benefit from reductions in methylmercury
concentrations in fish. While mercury concentrations in fish from
the region are generally declining at nearly one percent per year,
there is evidence for increasing mercury levels in some of the
region’s fish populations.
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TG10-P10

RG1-O2

METHYLMERCURY IN SEDIMENT CORES FROM
THE TAGUS ESTUARY (PORTUGAL): PARTITION,
METHYLATION AND FLUXES

REMOVING THE ART FROM METHYLMERCURY
ANALYSIS

1

1

1

MONTEIRO, Carlos , CESÁRIO, Rute , CANÁRIO, João ,
1
2
CAETANO, Miguel , HINTELMANN, Holger , NOGUEIRA,
1
3
1
Marta , VÁLEGA, Mónica , VALE, Carlos
(1) IPIMAR/INRB IP, cemonteiro@ipimar.pt; (2) Trent University; (3)
CESAM - Chemistry Department
Mercury is currently considered one of the most hazardous metals
to the environment. Among mercury compounds, methylmercury
(MeHg) presents a serious risk to wildlife due to their known
toxicity. Biogeochemistry and fate of MeHg in sediments is still not
completely understood due to the complexity of factors influencing
methylation, partitioning, and transport.
In order to contribute to better knowledge of MeHg
biogeochemistry and fate in sediments four sites in the Tagus
estuary were selected. Two highly contaminated (CN and BRR: HgT
-1
up to 125 μg g ) and two with moderate contamination (ALCX and
-1
PE: HgT<1 μg g ).
Sediment cores were collected (2010) and pore waters were
separated by centrifugation. Concentrations of total mercury (Hg)
and methylmercury (MeHg) in solid sediments and dissolved
Hg (HgR and HgT) and MeHg were quantified in pore waters and
overlying water. Other interpretative parameters such as total Al,
2
Si, Fe, Mn, Corg, DOC, Cl , SO4 - and HS concentrations were also
determined.
Higher levels of MeHg were found in deeper layers of CN, BRR
-1
and ALCX cores (max: 201 ng g ) while at PE the highest MeHg
concentrations where determined in the topmost ones (max: 0.55
-1
ng g ). In general, pore water MeHg was higher in layers where a
substantial decrease of HgR was observed, suggesting that this form
of dissolved Hg was used for methylation. Enhancement of both
dissolved and particulate MeHg were observed below the decrease
2
of SO4 - levels and increase of HS- concentrations suggesting that
sulphate reducing bacteria were the main methylators. Noteworthy
an enhance of pore water MeHg in CN and ALCX sediments
matches with sulphide increase suggesting that MeHg formation
is not inhibit by HS and/or dissolved MeHg is complexed with
sulphide.
Diffusive fluxes of Hg and MeHg were estimated. Upward Hg
fluxes were found variable from site to site (JPE>JCN>>JBRR>>JALCX).
Downwards MeHg flux was only found in BRR (J=-47.6 ng
2 -1
m d ) while a similar upwards fluxes were found for the other
-2 -1
-2 -1
sites (1.89 ng m d <JMeHg<1.28 ng m d ). Thus, we estimate that
molecular diffusion contributes to an increase of 320 mg of MeHg in
water column per day.
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1

MONTESDEOCA, Mario R. , MASON, Edward, DITTMAN, Jason
A., SELVENDIRAN, Pranesh, TODOROVA, Svetla, BUSHEY,
Joseph T., DEMERS, Jason D., DRISCOLL, Charles T.
(1) Syracuse University, mmontesd@syr.edu
The methyl mercury analysis has been described as an art. The
purpose of this semi-automated method is to convert the art into
a technique to be used by novice analysts. The problems addressed
by this method are artifact formation, demonstration of method
detection limit (MDL), spike recoveries, MeHg ng on column and
the quality control system used during an analysis. This semiautomation method prevents artifact formation during distillation
by adding 15 ml of water to the samples, the distillation between
o
128-135 C prevents the co-distillation of HCl , the elongated bubbler
decreases the purge of moisture and prevents degradation during
desorption, the tenax TA trap and an auto-desorption instrument
connected to a GC increased the precision by maximizing purging
and desorption conditions. The data is processed using TotalChrom
by Perkin Elmer. The 10% HCl (v/v) followed with methanol
cleaning eliminates any contamination traces. Cleaning the bubbling
N with amalgamated gold sand trap prevents the introduction of
elemental mercury in the sample during the distillation step. 0.0029
ng/L MeHg instrument detection limit (IDL) was measured by
bubbling 7-100 ml volume of 0.01 ng/L MeHg (average 103.4 R%).
0.006 ng/L MeHg MDL calculated from 7 analyses of 100 ml water
spiked at 0.02 ng/L MeHg (average 94.4 %R).

RS3-P8
DRY DEPOSITION OF GASEOUS OXIDIZED MERCURY AT
AMNET SITE MD 08
1

2

3

MOORE, Chris , SHERWELL, John , BROOKS, Steve
(1) Appalachian Laboratory, UMCES, cmoore@umces.edu; (2)
Maryland DNR; (3) NOAA.
The purpose of this study was to estimate the annual dry deposition
rate of gaseous oxidized mercury (GOM) at our Atmospheric
Mercury Network (AMNet, MD08) site in western Maryland. Our
annual estimates were made using passive ion-exchange membranes
and a multilayer model (Lyman et al. 2007). Our replicated
passive filters were deployed for 17 weekly sampling periods from
September 2009 to October 2010. During each of our weekly
sampling periods, we measured ambient air concentrations of GOM
and the meteorological parameters necessary for the multilayer
model. From our passive filters, the average weekly dry deposition
-2
-1
-2
-1
rate was 360 pg m hr within a range of 80 to 1512 pg m hr . Our
lowest deposition rates were in the fall and the highest rates were in
the spring. Our GOM dry deposition rates were strongly correlated
with the weekly averaged ambient air GOM concentrations, which
-3
ranged from 5 to 38 pg m . Dry deposition rates of GOM could
be predicted from the ambient air concentrations of GOM using
this equation: GOM dry deposition rate = 4 x GOM concentration
2
- 59, r = 0.7979. Dry deposition velocities, computed from GOM
concentrations and passive membrane GOM deposition rates,
-1
ranged from ~0.2 in the fall up to 1.4 cm s in winter and spring.
For comparison, the dry deposition velocities predicted by the
-2
multilayer model ranged from 0.2 up to 5 cm s , with no obvious
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seasonal patterns. In addition, deposition velocities computed using
the two different approaches were not correlated. Despite this lack
of correlation between dry deposition velocities, our modeled dry
deposition rates of GOM were highly correlated with the passive
GOM dry deposition rates (modeled dry deposition rate = 0.91 x
2
passive dry deposition rate + 64; r = 0.8394). Using the average
dry deposition rate from our passive ion-exchange membranes,
-2
we estimated an annual GOM dry deposition rate of 2.5 ug m
-1
yr . Using the multilayer model, we predicted an annual GOM dry
-1
deposition rate of 3.2 ug yr . This value was computed from the
sum of all modeled two-hour dry deposition rates. For comparison
with wet deposition, annual rates of wet deposition at MD 08 ranged
-2 -1
-2
-1
from 5.5 to 10.2 ug m y , with an average of 7.6 ug m hr . Our
estimated annual rates of GOM dry deposition were 1/3 to 1/2 of the
average annual wet deposition of mercury at AMNet site MD08.

FS3-O12
MEASUREMENTS OF GASEOUS MERCURY FLUXES IN
WESTERN MARYLAND WITH MICROMETEOROLOGICAL
TECHNIQUES
1

MOORE, Christopher
(1) University of Maryland Center for Environmental Science,
cmoore@umces.edu
Surface atmosphere exchange of gaseous elemental mercury (GEM,
0
Hg ) can be important to the biogeochemical cycling of mercury at
background soil sites. For this study we examined GEM exchange
on a large areal scale (100s of meters) using micrometeorological
techniques. GEM fluxes were measured with the modified Bowen
ratio technique along with 30 other atmospheric chemistry and
meteorological variables from 7/6/2009 to 7/6/2010 in a ridge top
field surrounded by deciduous forest at the Atmospheric Mercury
Network (AMNet) MD08 site in western Maryland. Mean GEM
-2 -1
flux for the year was -0.63 ± 31.0 ng m h and was not significantly
different among seasons. Net GEM flux for the year was -3.33 μg
-2 -1
m y , roughly half of wet mercury deposition. GEM flux was
not correlated with any of the 30 atmospheric chemistry and
meteorological variables measured. To determine the factors that
may be related to GEM fluxes at MD08, we examined emission and
deposition events separately. Annual mean GEM emission was 15.3
-2 -1
± 27.9 ng m h while annual mean GEM deposition was -14.6 ±
-2 -1
26.6 ng m h . Emission in spring was significantly lower than fall
but was not significantly different from summer or winter. Mean
GEM deposition in the spring was significantly lower than the other
seasons. UVB was positively correlated with emission in summer
(r = 0.47), fall (r = 0.28), and spring (r = 0.31) and negatively
correlated with deposition in summer (r = -0.38) and spring (-0.41).
Wind speed was positively correlated with emission in summer
(r = 0.27) and winter (r = 0.24) and negatively correlated with
deposition in summer (r = -0.42), fall (r = -0.29), winter (r = -0.26),
and spring (r = -0.28). Ambient air ozone concentrations in summer
were positively correlated with emissions (r = 0.31) and negatively
correlated with deposition (r = -0.40). These relationships indicate
that GEM fluxes at MD08 were closely related to soil surface
processes and but only weakly related to measured atmospheric
processes. UVB and ozone could affect the conversion between
2+
GEM and gaseous oxidized mercury (Hg ) near the soil surface.
Wind and turbulence could transport this mercury to or from the
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surface. Only by separating the fluxes into emission and deposition
were we able to elucidate these processes influencing the overall
GEM flux at MD08.

RS9-P13
BACTERIAL MERCURY METHYLATION: THE ROLE OF
DISSOLVED ORGANIC CARBON
1

2

2

MOREAU, John , KRABBENHOFT, David , AIKEN, George ,
RODEN, Eric
(1) University of Melbourne, jmoreau@unimelb.edu.au; (2) U.S.
Geological Survey
Sulfate-reducing bacteria (SRB) are a primary producer of
methylmercury (MeHg) in the environment. Microbial sulfate
reduction readily occurs in sediments of aquatic ecosystems where
there is an ample supply of sulfate, and there exists organic rich
sediments that support anaerobic conditions necessary for SRB
metabolism. In addition, dissolved natural organic matter (DOM)
is ubiquitous in aquatic ecosystems and often contains reduced
sulfur sites capable of complexing aqueous inorganic mercury (Hg).
Given field and lab observations that DOM is generally observed
to be positively correlated with MeHg abundance, and neutral
HgS(aq) exhibits hydrophobicity, respectively, we hypothesized
that presence of a hydrophobic DOM should enhance methylation
(i.e., bioavailability of Hg) in the presence of ambient sulfide.
To test our hypothesis, we conducted laboratory-based, pureculture experiments using a known strain of SRB (Desulfobulbus
propionicus), stable isotope tracers of Hg, and several different
DOM isolates, including two from the Florida Everglades
(hydrophobic and transphilic acids); Williams Lake, Minnesota
(hydrophobic acid); and, Suwanee River, Georgia (hydrophilic acid).
The experimental results show that although the four different
DOM isolates had distinctly different effects on MeHg production
rates, and that three of the four DOM isolates produced distinctly
greater MeHg production rates than those without DOM (tracer
Hg only controls). Among the DOM isolates used, the two
hydrophobic acids yielded the greatest MeHg production rates, with
rates observed with Williams Lake exceeding the Everglades. The
Everglades transphilic acid was the next most effective methylationfacilitating NOM, and the Suwanee River hydrophilic acid had the
least positive effect on methylation rates. In fact, the hydrophilic
acid tests yielded MeHg rates similar to the Hg only tracer controls.
One unplanned observation from these experiments was the
revelation that the experimentally applied DOMs contained “natural
Hg”, so we were able to examine the relative bioavailability of that
Hg versus the tracer Hg. These results revealed that generally greater
amounts of natural Hg introduced with the DOM fraction was
methylated, revealing that naturally-partitioned mercury was at least
as bioavailable as the tracer. Methylation of natural DOM-hosted Hg
suggests a commonality with respect to the form of Hg(II) that can
be methylated by SRB.

217

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
13

MG14-P22
OCCUPATIONAL EXPOSURE TO MERCURY IN A DENTAL
CARE UNIT
1

MOREIRA, Maria de Fátima Ramos , DE JESUS, Leda Diva
1
1
1
Freitas , MARINHA, Marden , DUARTE, Nei Santos , BAPTISTA,
1
1
Fernanda , GOMES, Regina Aderne
(1) Oswaldo Cruz Foundation, fmoreira@ensp.fiocruz.br
The aim of this study was to assess the occupational exposure to
mercury in dentistry. A group exposed to mercury by handling
dental amalgam in a dental care unit (DCU) was compared to
another group who did not use the metal. Air samples were
collected with active and passive samplers. Participants donated
urine samples. Average concentrations in urine were 1.78 ± 0.67
-1
for the exposed workers, while it was only 0.92 ± 0.32 μg L in the
controls. Average concentrations in impingers were 0.36 ± 0.04 in
-3
the DCU and 0.19 ± 0.05 μg m in the controls. Passive samplers
showed levels below the detection limit. The comparison between
exposed and nonexposed groups showed a statistically significant
difference according to the Student’s t test and 95% of confidence for
both urine and air samples collected with impingers. The Spearman
correlation coefficient showed positive associations between Hg
levels in impingers and urine, in urine and sex and in urine and
exposure time. Mercury contaminated all the people who attended
that workplace.

RG15-P4
MERCURY IN FISH FROM LAKE NORSJØ, SOUTHERN
NORWAY

of whitefish had heavier δ C signatures, indicating fish feeding in
the littoral zone of the lake.
All fish species (except Atlantic salmon) exhibit significant
correlations (p < 0,05) between Hg and age, weight and length.
Within each species, no significant correlations were found between
15
2
Hg and δ N, but a weak and significant (r = 0,074, p < 0,001)
positive linear relationship was found when plotting all the fish
species together, indicating biomagnification along the food web.

RS17-P2
MERCURY DISTRIBUTION IN THE SEDIMENT OF
TALAWAAN RIVER, WHERE MANY SMALL-SCALE GOLD
MINES ARE OPERATING IN ITS UPSTREAM REGION, IN
NORTH SULAWESI, INDONESIA
1

2

1

MORI, Keisuke , LASUT, Markus T. , YASUDA, Yoshiaki
(1) National Institute for Minamata Disease, morik@nimd.go.jp; (2)
Marine Science Department, Faculty of Fisheries and Marine Science,
Sam Ratulangi University
A new gold ore deposit was found in the Talawaan region, North
Sulawesi, Indonesia, in 1996, which was followed by establishment
of a great number of small-scale gold mines upstream in the
Talawaan river from 1998 to 2000. The gold mines distribute in a
triangular-shaped region around Dimembe, Talawaan and Tatelu
Villages, which we named AT (auriferous triangle). In order to
evaluate mercury behavior in the environment after release from
each mine, we determined the methylmercury (MeHg) as well as
total mercury (THg) levels in sediments at more than 10 stations
along the Talawaan River.

1

MORENO, Clara
(1) Høgskolen i Telemark, clara.e.moreno@hit.no
Mercury concentrations have been investigated in whitefish
(Coregonus lavaretus, n=42), European smelt (Osmerus eperlanus,
n=29), Arctic char (Salvelinus alpinus, n=50), perch (Perca fluviatilis,
n=26), brown trout (Salmo trutta, n=30), Atlantic salmon (Salmo
salar, n=14), northern pike (Esox lucius, n=11), tench (Tinca tinca,
n=4) and crucian carp (Carassius carassius, n=2), in Lake Norsjø,
15
southern Norway. In addition, the stable isotope ratios δ N and
13
δ C have been analyzed to reveal variations in trophic position and
carbon source, within and between fish species.
The mercury levels varied both within and between the fish species.
Totally 23 fish had Hg-concentrations above the consumption limit
of 0,5 μg Hg/L: 10 Arctic char, 7 brown trout, 5 northern pike and
1 European smelt. The highest concentrations were measured in
brown trout (1,95 mg Hg/kg ww) and northern pike (1,44 mg Hg/
kg ww).
15

The results on δ N indicate a food web consisting of 4 consumer
13
levels. The δ C signatures indicate that Arctic char, European smelt
and sub-populations of whitefish primarily feed in the pelagic zone,
13
while the δ C in perch, brown trout and the other sub-population
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Geometric means of sediment THg and MeHg concentrations in
the river were 0.31 μg/g and 0.92 ng/g, respectively. The maximum
THg and MeHg levels were both detected inside AT, as 3.25 μg/g
and 9.20 ng/g. MeHg distributions were highly correlated with those
of THg, which implies that MeHg was generated from the elemental
mercury derived from the artisanal gold mining waste materials. In
addition, MeHg concentrations in sediment samples were correlated
with amounts of ignition loss. Moreover, the accumulation of MeHg
in fishes in this area in the food web was observed. Thus, we infer
that metallic mercury diffusion from mining into the environment
causes bio-accumulation of MeHg in the Talawaan watershed.

TS2-O1
THE CLEAN AIR REGULATORY AGENDA MERCURY
SCIENCE PROGRAM
1

MORRISON, Heather
(1) Environment Canada, heather.morrison@ec.gc.ca
In 2007, the Government of Canada (GOC) announced its intention
to develop and implement regulations and other measures to
reduce emissions of greenhouse gases, smog precursors and
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hazardous air pollutants including mercury under the Clean
Air Regulatory Agenda (CARA). The CARA is a comprehensive
approach to addressing these atmospheric issues and, as such,
includes a scientific program to support regulatory activities and
accountability. The CARA Mercury Science Program was developed
to provide scientific information to support regulatory activities
and accountability pertaining to atmospheric emissions of mercury.
The first phase of the program, entitled “Setting-the-Baseline”,
identified key indicators of the state-of-the-Canadian environment
with respect to the transport, fate and effects of mercury and
set out to define these indicators and understand the processes
that underpinned the relationship between the indicators and
anthropogenic emissions of mercury. This presentation describes
the process that was used to develop the CARA Mercury Science
Program and sets the stage for the presentations to follow in this
special session.

TS10-P9
THE IMPORTANCE OF BIOLOGICAL DEMETHYLATION IN
THE MERCURY CYCLING OF A COASTAL POND
1

2

2

MUNSON, Kathleen M , LAMBORG, Carl H. , MINCER, Tracy J. ,
3
4
BOTHNER, Michael H. , HARKNESS, Jennifer S.
(1) MIT/WHOI Joint Program in Chemical Oceanography,
kmunson@mit.edu (2) Woods Hole Oceanographic Institution; (3) US
Geological Society; (4) Vassar College.
We are combining measurements of potential rates of mercury
species transformations with a functional gene expression
screen to determine the extent of biologically mediated mercury
demethylation and reduction in a Cape Cod pond. Oyster Pond
is a seasonally stratified pond that exchanges limited saltwater
with Vineyard Sound and has significant freshwater inputs.
As a result, a sharp oxycline separates low salinity, oxic upper
waters from higher salinity, anoxic bottom waters. Water column
concentrations of methylated mercury species are highest in
the redox transition zone. We have measured potential mercury
methylation, demethylation, and reduction rates from the bacterial
communities in and adjacent to the redox transition zone of the
pond. Potential transformation rates are measured by determining
the incorporation of isotopically labeled mercury into the elemental,
inorganic, and methylated mercury pools over time from isotope
ratios determined by inductively coupled plasma mass spectrometry.
In order to identify possible mechanisms responsible for observed
mercury transformations, we collected DNA from corresponding
depths in the Oyster Pond water column. We are creating fosmid
libraries from this DNA for expression in E. coli hosts. These
hosts, which can be grown in a variety of redox conditions, are
subjected to varying concentrations of inorganic and methylated
mercury species in order to screen for mercury resistance. Genes
that convey resistance are sequenced and analyzed for similarity to
characterized mercury resistance genes, such as merA and merB.
Novel sequences can also be identified using this method. The
pairing of the functional gene expression screen with measurements
of mercury species transformations provides us with insight into the
extent of bacterially driven mercury cycling as well as the identity of
mechanisms responsible for mercury demethylation in this coastal
environment.

MG7-P4
THE IMPACT OF WATER HYACINTH (EICHHORNIA
CRASSIPES) ON MERCURY LEVELS AND OTHER WATER
QUALITY PARAMETERS IN A SOUTH CAROLINA
COASTAL PLAIN RIVER
1

1

MURPHY, Julie W. , GUENTZEL, Jane L.
(1) Coastal Carolina University, jwmurphy@coastal.edu
The Waccamaw is a blackwater river located along the eastern
coastline of South Carolina. The fish in this river contain
concentrations of mercury that have resulted in the issuance of
fish consumption advisories. Large areas of the shoreline contain
solid masses of water hyacinths during the warmer months (AprilDecember). When hyacinths grow they form dense floating mats
on the surface which can alter water chemistry and microbial
populations below the mats. These mats can block light and
oxygen penetration creating low to no oxygen environments near
the surface that are conducive to the transformation of inorganic
mercury to methylmercury. This study quantified the chemical
and biological parameters of the water column near and under
these mats that may promote the formation of methylmercury and
quantified the amount of total and methylmercury in these plants as
they mature. Water samples were collected monthly (May 2010 to
November 2010) from underneath a water hyacinth mat and from
an open water site. Dissolved oxygen levels under the mat ranged
from 1.9-4.1 mg/L (25.6-41.7 % saturation) and from 3.8-7.7 mg/L
(47.4-75.3 % saturation) at the open water site. Sulfate reducing
bacteria (SRB) ranged from 0-100 cells/mL at the open water site
and 0-10,000 cells/mL in the water under the mat. The SRB on the
plant roots ranged from 0-603,500 cells/wet gram of root. Total Hg
in the water underneath the mat ranged from 3.2-8.9 ng/L with 1031% MeHg relative to the Total Hg. Total Hg concentrations at the
open water site ranged from 2.9-7.6 ng/L with 9-23% MeHg relative
to the Total Hg. Plant samples were collected monthly (May 2010
to November 2010). Total Hg in the roots ranged from 30.1-71.9
ng/g dry with 25-52% MeHg relative to the Total Hg. Total Hg in the
shoots ranged from 2.2-58.7 ng/g dry with 2-63% MeHg relative to
the Total Hg. The amount of Hg in a square meter of water hyacinth
ranged from 8,947-52,420 ng Total Hg/m² dry and 2,759-15,790 ng
MeHg/m² dry. The low oxygen levels, the presence of SRB, and the
high percentages of methylmercury in the water and plants suggest
that these mats may serve as a site for mercury methylation. These
findings also suggest that water hyacinth plants bioaccumulate
mercury and may be a source of mercury to organisms that
consume these plants.

RG8-P3
SPATIAL PATTERNS OF MERCURY IN
MACROINVERTEBRATES AND FISHES FROM STREAMS
OF CONTRASTING FORESTED LANDSCAPES IN THE
EASTERN UNITED STATES
1

1

MURRAY, Karen Riva1, CHASAR, Lia C. , BRADLEY, Paul M. ,
1
1
BURNS, Douglas A. , SMITH, Martyn J.
(1)U.S. Geological Survey, krmurray@usgs.gov
Ecological controls on mercury bioaccumulation in streams
are complex and spatially variable. Because studies conducted
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in different environmental settings have produced seemingly
conflicting results with respect to these controls, spatially and
temporally intensive studies in diverse aquatic ecosystems are
essential. We evaluated mercury bioaccumulation in two medium2
sized (< 80 km ) forested basins in regions that differ in climate
and topography – Fishing Brook, in the Adirondacks of New
York and McTier Creek, in the Coastal Plain of South Carolina.
Multiple stream locations were sampled seasonally in each basin
during 2007-2009. Game fish were less piscivorous in Fishing
Brook than in McTier Creek, so although mean Hg concentrations
in most macroinvertebrate feeding groups were not significantly
different between the two regions, mean Hg concentrations in
game fish were lower in Fishing Brook (1300 ng/g, dry wt.) than
SC (2400 ng/g, dry wt.). Topography and water chemistry were
more spatially-variable in Fishing Brook, contributing to greater
spatial variability in Hg in biota, positive correlations with dissolved
methylmercury and organic carbon in streamwater, and negative
correlations with overland flow distance (OFD, an indicator of
hydrologic transport distance to the stream channel). OFD emerged
as a robust predictor of Hg in aquatic macroinvertebrates within
the Fishing Brook basin. This study demonstrates the importance
of local-scale environmental factors to mercury bioaccumulation in
topographically-heterogeneous landscapes, and provides support
for the use of macroinvertebrates as effective sentinels of mercury
contamination in streams.

RG15-P14
MERCURY CONCENTRATION IN FISHES OF THE
MADEIRA RIVER’S TRIBUTARY, OCCIDENTAL AMAZON.
1

MUSSY, Marilia Higino M H , LAUTHARTTE, Leidiane Caroline
1
1
1
L C , NERES, Lauana L A , HOLANDA, Igor Bruno Barbosa I B B ,
1
GALVÃO, Roberta Carolina Ferreira R C F , ALMEIDA, Ronaldo
1
1
R , ARAÚJO, Tulio Raimundo T R , DORIA, Carolina Rodrigues da
1
1
Costa C R C , BASTOS, Wanderley Rodrigues W R
(1) UNIR, mariliahigino@yahoo.com.br
The aim of this study was to evaluate the Hg biomagnification in
fishes of the Madeira River Basin (RO). Three fish species were
selected for study, Rhaphiodon vulpinus (piscivorous) and two
species of the genus Potamorhina spp (detritivorous). Fish were
collected with gillnets and working out in four local stations
(Belmont and Jatuarana Igarapés; Puruzinho and Cuniã Lakes).
Approximately 200 mg (WW) of the fishes samples were digested
with acid and total Hg determination by atomic absorption
spectroscopy with cold vapor generation (CV-AAS, Flow Injection
Mercury System-FIMS-400, Perkin-Elmer, Germany). The results
for total mercury Rhaphiodon vulpinus (n = 23) ranged from 0.964
-1
-1
± 0.090 mg.kg and 1.844 ± 1.304 mg.kg in the Belmont Igarapé
and Cuniã Lake, respectively. The Potamorhina altamazonica (n =
-1
-1
51) ranged from 0.044 ± 0.011 mg.kg and 0.130 ± 0.068 mg.kg in
the Cuniã Lake and Belmont Igarapé, respectively. The Potamorhina
-1
latior (n= 88) ranged from 0.056 ± 0.028 mg.kg to 0.167 ± 0.052
-1
mg.kg in the Cuniã Lake and Belmont Igarapé, respectively.
Biomagnification Factor (BMF) above of 1 indicates the occurrence
of amplification along the food chain, which was observed in this
study in relation to predator and prey. In the Belmont Igarapé the

WWW.MERCURY2011.ORG

BMF ranged between 6 and 7; in Jatuarana Igarapé between 18
and 29; in Puruzinho Lake was 8 and Cuniã Lake between 31 and
39. The study shows that in all areas assessed biomagnification
processes are occurring, including those more isolated as the Cuniã
and Puruzinho Lakes.

RG11-P18
MERCURY IN BRAIN AND MUSCLE TISSUES OF
MIGRATORY FISH OF THE MADEIRA RIVER - AMAZON,
BRAZIL
1

MUSSY, Marília Higino M H , HOLANDA, Igor Bruno Barbosa I
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(1) UNIR, mariliahigino@yahoo.com.br
The aim of this study was to relate the mercury concentration
between muscle and brain tissue of large migratory fish of the
Madeira River Basin (Rondônia). It was selected five species of large
catfish for a total of 100 specimens: Brachyplatystoma platynemum
(babão, n=47), Pseudoplatystoma punctifer (dourada, n=20),
Brachyplatystoma filamentosum (filhote, n=12), Pseudoplatystoma
punctifer (surubim, n=03) and Brachyplatystoma vaillantii
(piramutaba, n=18). All these species have diets based mainly
on the consumption of other fish, and held the position of the
main species consumed in the region not only by the riverside
population but also by regional population. For example of species
Brachyplatystoma rousseauxii and Pseudoplatystoma punctifer
of high commercial value. Fish were collected by local fishermen.
These heads were cut bilaterally, the brain removed and a portion
of muscle tissue.. The total Hg determination was performed by
atomic absorption spectrophotometry by cold vapor generation
with flow injection system. The mercury concentrations average
in brain and muscle tissues of fish species are: Brachyplatystoma
platynemum 0.37±0.25mg.kg-1 (brain) and 2.22±1.14mg.
kg-1 (muscle); Brachyplatystoma rousseauxii 0.13±0.11mg.
kg-1 (brain) and 0.85±0.59 mg.kg-1 (muscle); Brachyplatystoma
filamentosum 0.40±0.32mg.kg-1 (brain) and 1.92±0.99mg.kg-1
(muscle); Pseudoplatystoma punctifer 0.17±0.20mg.kg-1 (brain)
and 1.05±0.67mg.kg-1 (muscle); Brachyplatystoma vaillantii
0.16±0.10mg.kg-1 (brain) and 0.64±0.26mg.kg-1 (muscle).
The relationship between mercury concentration in muscle
and brain tissue was 17% for Brachyplatystoma platynemum
and Pseudoplatystoma punctifer, 16% for Pseudoplatystoma
punctifer, 21% for Brachyplatystoma filamentosum and 25% for
Brachyplatystoma vaillantii. Although still preliminary, there’s
an efficient mercury accumulation in the brains of fish species.
According to Brazilian legislation three species exceeded the value
for human consumption (1.00mg.kg-1 for predatory species). The
average values for all species studied exceeded the level set by World
Health Organization for human consumption down 0.50mg.kg-1.
Experiments with a larger number of individuals are in progress,
taking into account the lifetime of these individuals through otoliths
analysis and the possible increase in the Hg concentration in the
brain.
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MG4A-P6
INVESTIGATION OF EFFECTS OF VARYING MODEL
INPUTS ON MERCURY DEPOSITION ESTIMATES IN THE
SW US
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4
BASH, Jesse O.
(1) ICF International, tmyers@icfi.com; (2) Office of Water, U.S. EPA;
(3) National Exposure Research Laboratory, U.S EPA; (4) National
Exposure Research Laboratory, U.S. EPA.

CMAQ model version 4.7.1 was used to simulate mercury wet
and dry deposition for a domain covering the continental U.S. The
simulations used MM5 meteorological files and the US EPA CAMR
emissions inventory. Using tagging methods implemented by ICF
(the Particle and Precursor Tagging Methodology (PPTM)) and
tracer simulations, this investigation focuses on the contributions of
boundary concentrations to deposited mercury in the SW U.S.
Concentrations of oxidized mercury species along the boundaries of
the domain, in particular the upper layers of the domain, can make
significant contributions to the simulated wet and dry deposition
of mercury in the SW U.S. In order to better understand the
contributions of boundary conditions to deposition, inert tracer
simulations were conducted to quantify the amount of air mass
transported across the boundaries of the domain at various altitudes
and to quantify the amount of those air masses that reach and
potentially deposit to the land surface in the SW U.S.
Simulations using alternate sets of boundary concentrations,
including estimates from the global models CTM, GEOS-CHEM,
and GRAHM, and alternate meteorological data (for different years)
are analyzed in this poster presentation. CMAQ dry deposition in
the SW US is sensitive to differences in the atmospheric dynamics
and atmospheric mercury chemistry parameterizations between the
global models used for boundary conditions.

RS9-O3
ROLE OF SULFHYDRYLS ON BACTERIAL CELL WALLS IN
THE BIOSORPTION OF MERCURY
1

2

1

MYNENI, Satish , MISHRA, Bhoopesh , SHOENFELT, Elizabeth ,
3
FEIN, Jeremy
(1) princeton university, smyneni@princeton.edu; (2) Argonne
National Labs; (3) University of Notre Dame.
Bacteria are ubiquitous in a wide-range of low temperature aqueous
systems, and strongly influence the distribution and transport
of mercury in the environment. However, the role of mercury
adsorption onto bacteria, via the reactive cell wall functional groups,
and its influence on Hg speciation has been largely overlooked. We
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examined the reactions of mercury with several nonmetabolizing
bacteria that are common to aquatic systems, as a function of pH,
and in the presence of inorganic (Cl ), and organic (DOM) ligands.
Our studies suggest that mercury sorption is significant on all
bacterial species examined, and the sorption increased strongly with
increases in pH. Presence of Cl modified this sorption pattern, and
the adsorption edge shifted to higher pH. The EXAFS spectroscopy
studies at the Hg K-edge indicated that the coordination
environment of adsorbed Hg on cell surfaces was significantly
altered by the concentration of mercury in the system (or the
Hg:microbial biomass ratio). When the mercury concentration
was low, mercury interacted with the thiols on bacterial surfaces
and formed Hg-(thiol)3 complexes, and the Hg:thiol ratio in the
complex increased from 1:3-1:1 as the Hg:biomass ratio increased.
At elevated Hg concentrations, mercury coordinates to carboxyl
groups. This type of mercury speciation was found to be similar in
all cases of bacteria examined, however, the mercury concentration
at which this speciation was found was different between different
species. Our current studies are focusing on the concentration
and chemistry of bacterial cell wall bound thiols, and the role of
DOM on Hg-speciation and interactions with bacterial cell walls. A
summary of these results will be presented.

TG4B-P15
LONG-RANGE TRANSPORT OF MERCURY IN MT. FUJI
DURING SUMMER OBSERVATION CAMPAIGN, 2008
1

2

NAGAFUCHI, Osamu , KINOSHITA, Hazumu , HASHIMOTO,
3
Naoki
(1) University of Shiga Prefecture, nagafuti@ses.usp.ac.jp; (2)
Graduate School of Siga Precture; (3) Graduate School of Shiga
Prefecture.
An intensive field campaign for the measurement of elemental
gaseous mercury (Hg(0)) and Particulate mercury Hg(p)
concentrations in ambient air was conducted in summit of Mt.
Fuji from 11 August to 17 August in 2008 using an developed
measurement technology, which was the first time Hg(0) and
Hg(p) were monitored at a remote area in Mt. Fuji. The overall
3
average Hg(0) covering the sampling periods was 2.61±1.24ng/m ,
which is only a little elevated comparing to global background of
3
approximately 1.5-2.0ng/m .
Elemental gaseous mercury concentrations range from 1.45ng/
3
3
m to 5.42ng/m in ambient air. Although there is not significant
difference in concentration between daytime and night time,
distinct daily variability of Hg(0) observed during survey periods.
The phenomenon is caused by the direction of airmass. The back
trajectory analysis were shown in Fig. 2. From this result, when
airmass come from East Asian continent, elemental gaseous
mercury concentrations were larger when that come from the
Pacific Ocean.
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MS11-O16
THE EFFECTS OF METHYLMERCURY EXPOSURE ON
NEURAL GENE EXPRESSION IN AN AMPHIBIAN MODEL
SYSTEM
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(1) College of William and Mary, mdnagarkar@email.wm.edu
Although it is well documented that exposure to methylmercury has
adverse effects on a range of different organ systems and metabolic
processes, the central nervous system is particularly sensitive to
the detrimental effects of this toxin. Ongoing research has also
demonstrated that developing organisms at embryonic and fetal
stages are particularly sensitive to mercury exposure—with lower
doses having a far more profound effect than similar doses at adult
stages. However, the molecular and biochemical mechanisms
that result in neural defects remain unclear. This study seeks to
develop a Xenopus model system and utilize several approaches
to understanding the pathways involved in methylmercury’s
neurotoxicity. Interestingly, the effects of embryonic mercury
exposure are not linearly dose-dependent and instead seem to
be phenotypically and genetically expressed in an all-or-nothing
manner around a very tight threshold. In addition, density of
the embryos has a profound effect on the observed phenotype.
Bioaccumulation of methylmercury in treatment groups is
quantified using a Milestone Direct Mercury Analyzer and reveals
that accumulations for individual embryos in less dense plates are
significantly higher. To investigate the molecular mechanisms of
toxicity, mRNA levels and expression patterns were assessed using in
situ hybridization to visualize endogenous changes in the expression
of calcium channel and neurotransmitter phenotype specification
genes in mercury-exposed embryos. Again, here an all-or-nothing
signal is seen, with embryos displaying either no expression when
they are developmentally arrested, or normal gene expression when
treated embryos seem morphologically normal. The exception
is the rate-limiting enzyme for GABA synthesis, glutamic acid
decarboxylase (GAD), which shows a difference between control
and treatment embryos, with the signal being less prominent
in the exposed embryos, and Delta, a protein involved in Notch
signaling, which is detected in embryos with severe morphological
abnormalities. To further the understanding of global gene
expression changes, transcriptome analysis will reveal quantifiable
information about differential mRNA levels. The ability of some
embryos in the same treatment group to normally develop while
others are completely retarded may be indicative of endogenous
resistance mechanisms.
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RS9-O2
MULTIPLE BINDING ENVIRONMENTS OF MERCURY(II)
ADSORBED TO PEAT AS OBSERVED WITH EXAFS
SPECTROSCOPY
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Bioavailability of environmental mercury depends on how
mercury(II) binds to natural organic matter. Mercury(II)-sulfur
(Hg-S) bonds are the strongest, but difficult to characterize.
We observed two new Hg-S molecular structures using X-ray
absorption spectroscopy in peats from the Florida Everglades with
added Hg. The first new structure, observed at a mol ratio of organic
reduced S to Hg (Sred/Hg) of 200 to 1,100 (equivalent to 59 to about
350 ppm adsorbed Hg), is a Hg4Sx cluster in which each Hg atom
is bonded on average to two S atoms at 2.34 Å and one S at 2.53 Å,
and is separated from three other Hg atoms by 4.12 Å. The cluster
structure matches those reported for Cu metallothioneins, but not
those of HgS minerals. Linear S-Hg-S structures with bond lengths
of 2.34 Å dominated at Sred/Hg of about 10 to 20 (about 4,200 ppm
adsorbed Hg). The second new structure containing one S atom
at 2.34 Å and approximately six C atoms at 3 to 3.3 Å appeared at
Sred/Hg of about 4 (18,400 ppm adsorbed Hg). At Sred/Hg of about
1 (99,1000 ppm adsorbed Hg) a more abundant five-membered
chelate ring containing oxygen or nitrogen and carbon was the
dominant structure. The modeled Hg4Sx cluster suggests strong
binding to protein-like cysteinyl sulfur derived from swamp plants,
algae, microbes, and microfauna. Such a structure might be strong
enough to prevent this bound Hg from being methylated. The Hg-S
structure with many nearest-neighbor C atoms occurred mixed
with the linear S-Hg-S and five-membered chelate ring structures.
The high number of nearest neighbor C atoms suggests a thiolated
aromatic subunit that may explain reported accelerated dissolution
of the mercuric sulfide cinnabar in the presence of dissolved organic
matter. These Hg-S structures support a continuum in bond strength
and consequent variable reactivity of natural organic matter with Hg
species in the environment.

MG7-P6
MERCURY AND TRACE METAL PARTITIONING AND
FLUXES IN SUBURBAN WATERSHEDS OF SOUTHWEST
OHIO
1

1

NAIK, Avani P. , HAMMERSCHMIDT, Chad R.
(1) Wright State University, avani.p.naik@gmail.com
Many natural watersheds are increasingly affected by changes in
land use associated with suburban sprawl and such alterations
may influence concentrations, partitioning, and fluxes of toxic
trace metals in fluvial ecosystems. We investigated the cycling
of mercury (Hg), monomethylmercury, cadmium, copper, lead,
nickel, and zinc in three watersheds at the urban fringe of Dayton,
Ohio, over a 13-month period. Metal concentrations were related
positively to discharge in each stream, with each metal having a
high affinity for suspended particles and Hg also having a noticeable
association with dissolved organic carbon. Although not observed
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for the other metals, levels of Hg in river water varied seasonally
and among streams. Yields of Hg from two of the catchments
were comparable to that predicted for runoff of atmospherically
deposited Hg (~25% of wet atmospheric flux), whereas the third
watershed had a significantly greater annual flux associated with
greater particle-specific and filtered water Hg concentrations,
presumably from a point source. Fluxes of metals other than Hg
were similar among each watershed and suggestive of a ubiquitous
source, which could be either atmospheric deposition or weathering.
Results of this study indicate that, with the exception of Hg being
increased in one watershed, processes affecting metal partitioning
and loadings are similar among southwest Ohio streams. Relative
differences in land use, catchment area, and presence or absence
of waste water treatment facilities had little or no detectable effect
on most trace metal concentrations and fluxes. This suggests that
suburban encroachment on agricultural and undeveloped lands has
either similarly or not substantially impacted trace metal cycling
in streams at the urban fringe of Dayton and, by extension, other
comparable metropolitan areas.

MG4A-O11
IMPACT OF THUNDERSTORM MORPHOLOGY ON
MERCURY WET DEPOSITION
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Analyses of individual precipitation events show that mercury
concentrations correlate with : 1) Storm type (higher in convective
events than stratiform); 2) Rainfall depth; 3) Preciptation phase
(rain vs. snow) and; 4) Season. Holmes et al. (2010) quantified the
thunderstorm enhancement and dilution in large precipitation
events; they also found that mercury concentration in rainwater
correlated with radar reflectivity—a measure of precipitation
intensity—but not cloud top height. These results suggest that rain
and thunderstorm morphology affects mercury wet deposition, but
the dynamical and microphysical causes are not yet known.
We examine the impact of thunderstorm dynamics and
microphysics on mercury concentration and deposition using a
cloud-resolving, non-hydrostatic model that includes detailed
mechanistic treatments of cloud microphysics and scavenging.
Simulations are initialized with model-derived vertical profiles of
scavengable gaseous oxidized mercury that have been evaluated
against aircraft and mountaintop observations. The simulations
cover a range of atmospheric stability, shear, precipitable water,
and cloud base height, which control thunderstorm morphology
and reflect regional differences in storms across the US. We find
intense convective storms expose their condensed water to higher
GOM concentrations in the upper troposphere, compared to weaker
storms. We evaluate the simulations against regional US differences
in environment, storm morphology, and wet deposition.
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MG14-P19
A RETROSPECTIVE COHORT STUDY ON THE EFFECTS
OF PRENATAL AND POSTNATAL METHYL MERCURY
EXPOSURE — A SURVEY AFTER 40 YEARS IN NIIGATA,
JAPAN
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Purpose
It is apparent that a bigger influence of the methyl mercury
contamination is seen in children and the fetus more than adults.
We investigated what kind of influence the people who received the
methyl mercury exposure in their prenatal and postnatal stage in the
Agano River basin.
Method
As for the exposure group, there were 15 cases whose mother’s hair
mercury level was 50 ppm and more and 22 cases having from 10
ppm to 50 ppm. The total number of the exposure group was 37
people, while the number of the control group was 47 people. For
the control group we chose people of the same generation who
hadn’t eaten the fish of the Agano River. We surveyed them by
investigation of the subjects and by interviewing their mothers. For
continuous data, t-test was used and the chi square test was used for
categorical data. All statistical tests were two-tailed. The significance
level was set at p<0.05.
Results and Conclusions
As for the investigation results, the following findings and signs were
significantly evident in the exposed group than the control group.
(1) The birth weight was a little less in the exposed group than the
control group.
(2) Walking was unsteady in their childhood in dark places.
(3) They fell over easily, couldn’t talk well and had blurred vision.
(4) They also had awkward use of chopsticks, numbness of the
limbs and easily cramped muscles.
(5) They suffered from headaches and the stomachaches
(6) They had difficulty adapting to group life.
(7) Sometimes, they had tremors in their limbs.
(8) In childhood they often had difficulty in doing up buttons.
(8) In childhood they often had feelings of irritation and insomnia.
A great variety of influence was confirmed in the people who were
exposed to the methyl mercury in their prenatal and postnatal stage.

MS11-O13
MERCURY EXPOSURE AND NEUROTOXIC RISK IN THREE
ARCTIC MARINE MAMMALS
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(1) Department of Environmental Health Sciences, University of
Michigan School of Public Health, Ann Arbor, Michigan 48109, USA,
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Arctic marine mammals accumulate some of the highest mercury
(Hg) levels among all organisms. Despite the fact Hg is a proven
neurotoxicant, little is known about its neurotoxic risk to Arctic
marine mammals. Here we determined the distribution of Hg
(total and organic) in ten brain regions of functional significance
(frontal cortex, temporal cortex, occipital cortex, basal ganglia,
brain stem, cerebellum, hippocampus, hypothalamus, thalamus,
and pituitary) of harbor porpoise (Phocoena phocoena; n=12;
Denmark), pilot whale (Globicephala melas; n=6; Faroe Islands),
and polar bear (Ursus maritimus; n=37; East Greenland). To
explore if brain Hg (total and/or organic) levels are of neurological
concern to these marine mammals, we assessed neurochemical
enzymes (glutamic acid decarboxylase (GAD), glutamine synthetase
(GS)) and receptors (N-methyl-D-aspartic acid (NMDA),
GABA(A) (benzodiazepine)) that play critical roles in learning
and coordination among the different brain regions. Highest Hg
levels were found in the pituitary (mean: 1.6ppm dry weight;
range: 0.4–10ppm) of polar bears, pituitary (7.6ppm, 0.55–58 ppm)
and frontal cortex (8.2ppm, 0.51–34ppm) of harbor porpoises,
and three cortex regions (9.8ppm, 0.17–28ppm) of pilot whales.
The brain levels of Hg found in harbor porpoise and pilot whale
were comparable to levels that exceed subclinical thresholds in
mammalian wildlife. In polar bear, despite relatively low levels,
total Hg in only the pituitary was significantly correlated with age
categories. Organic Hg comprised about 50% of the total Hg in the
pituitary (compared to other brain regions where >80% of total
was organic), and this may be of toxicological significance. When
brain Hg was related to neurochemical biomarkers, some significant
correlations were found. For example, in the harbor porpoise,
pituitary Hg and GABA(A) receptor levels (n=8; r=0.923; p<0.01),
and frontal cortex Hg and GAD activity (n=5; r=-0.934; p<0.01)
significantly correlated. In the polar bear, organic Hg negatively
associated with NMDA receptor levels in frontal cortex (n=17;
r=-0.545; p<0.05). Overall, these results suggest that certain marine
mammals (pilot whales, harbor porpoise) in the Arctic region are
exposed to Hg at levels capable of causing subclinical neurological
effect, but others (polar bears) may have developed unique schemes
to limit brain exposures. Given that Hg is a potent neurotoxicant
and that disruptions to neurochemistry precede structural and
functional damage to the nervous system, it raises further questions
about ecological and physiological impacts of Hg on Artic marine
mammals health.

Lagenorhynchus acutus; n=8) that were collected from stranded
individuals from the coastal beaches of Massachusetts, U.S.A.
Some of these samples originated from fetuses. We also explored
whether changes in neurochemical enzymes (monoamine oxidase
(MAO), acetylcholinesterase (AChE)) and receptors (muscarinic
acetylcholine (mAChR), N-methyl-D-aspartic acid (NMDAR))
were associated with brain Hg exposure. Mean levels of hepatic Hg
in CD and AWD were 134ppm dry wt (n=7; range: 3.0-401ppm)
and 28ppm (n=7; 1.6-58ppm), respectively, which exceed clinical
thresholds in some mammalian wildlife. In the cerebellum, there
was no difference in Hg values between white and gray matters
from both dolphin species, and thus an average was taken for each
individual. In the CD, mean brain Hg level in the cerebellum was
2.7ppm (n=14; range: 0.25-9.7ppm), and in the occipital cortex was
1.8ppm (n=4; 1.3-2.2 ppm). However, AWD had relatively low brain
Hg levels (0.74ppm in cerebellum; 0.86ppm in occipital cortex).
Mercury concentrations in fetal livers (1.8ppm in CD; 1.0ppm in
AWD) were much lower than levels measured in corresponding
maternal tissues (401ppm in CD; 41ppm in AWD). However, there
was substantial enrichment of Hg in the fetal cerebellum compared
to adults (5.5ppm versus 1.7ppm in CD; 0.67ppm versus 0.56ppm
in AWD), thus suggesting that Hg is efficiently transferred and
distributed into fetal brains, and that such maternal transfer may
cause neurological effects in the fetus. When brain Hg was related
to neurochemical biomarkers, Hg levels were negatively associated
with MAO activity in cerebellar cortex in CD (n=7; r=-0.725;
p<0.05). Despite limited sample size, apparent trends were observed
between Hg and MAO activity (n=4; r=-0.945) and mAChR levels
(n=4; r=0.945) in occipital cortex of CD. No correlations were found
in AWD likely due to relatively low brain Hg levels. Our results
suggest that dolphins (especially, common dolphins) accumulate
substantial levels of Hg, capable of causing molecular changes in
neuronal signaling. Further studies are warranted with greater
samples sizes, and future studies should focus on the effects of Hg
on brain function.

RG11-P5
ASSESSMENT OF MERCURY POLLUTION OF SOME
RIVERS DRAINING THE BIBIANI-ANWIASO – BEKWAI
MINING COMMUNITY OF SOUTH WESTERN GHANA
1

NARTEY, V.K.
(1) UNIVERSITY OF GHANA, vknartey@ug.edu.gh

MS11-P5
MERCURY EXPOSURE AND NEUROCHEMICAL IMPACTS
IN ATLANTIC WHITE-SIDED DOLPHINS AND COMMON
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Higher tropic marine mammals including dolphins accumulate
high mercury (Hg) levels in their tissues. Although Hg is a
potent neurotoxicant, little is known about its neurotoxic risk to
marine mammals. Here we determined total Hg levels in liver
and in three brain regions (cerebellar grey matter, cerebellar
white matter, occipital cortex) from common dolphins (CD;
Delphinus delphis; n=8) and Atlantic white-sided dolphins (AWD;
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Surface-water and sediment samples were collected from seven
streams in Bibiani-Anwiaso-Bekwai district, a gold mining
community in the Western Region of Ghana and analyzed for
total mercury, organic mercury and elemental mercury. Mercury
concentrations of non-filtered water was determined using the
ICP-OES after reduction with Stannous Chloride (SnCl2). While
sediment samples were also pretreated and mercury content
determined using the same instrumental technique. Physicochemical parameters were also determined for the water samples.
Total mercury content of the water ranged between 0.125 to
1.341μg/l while sediment values ranged between 0.169 to 1.739mg/
kg. In all cases except for one site, mercury levels in the sediment
have been found to be significantly higher than the corresponding
water column. Except for site SW7(1.341μg/l), total mercury in
water has also been found to be lower than 1.0μg/l, the WHO
guideline value for drinking water. On the contrary, except for
site ASUS(169mg/kg), all sampled sediments recorded values that
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are above 0.2mg/kg, the US-EPA guideline value for soils. Since
sediments serve as sink for mercury and release the metal into
water column with time, it can be concluded that these streams are
polluted with mercury.

MG6-P8
MERCURY CONCENTRATION IN SUSPENDED SOLIDS IN
MADEIRA RIVER AND IN SOME AFFLUENTS, RONDÔNIA
STATE, BRAZILIAN AMAZON.
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Naturaly the Madeira river carries a great load from suspended
solids, in the order of 40million ton/year, becoming it a transport
vehicle the dispersion of organics and inorganics pollutants, as
example, the mercury. The study of the space standard distribution
an element it assists in such a way in the understanding the
processes result that, as in the geochemistry processes control.
Having in the activity gold mining that ocurred with intensity in
Madeira river in 70 and 80 decades, the objective of this work it
was analyze the mercury concentration in suspended solids of
the some points distributed in the Madeira river and some of its
affluents. For the solids suspended collection a surface water sample
collected to each three months during the period of April/2009 the
December/2010. For solids suspended determination a filtering
system was used the vacuum with filter of cellulose 0,45um poro
size, and mercury concentration quantification had been carried
through by atomic absorption spectrophotometry by cold vapor
generation (FIMS-400). Greater values of mercury found in
suspends solids had been found in affluents of Madeira river and
in rainy period (April, May and June/2009), they are 0,4047mg.
-1
-1
-1
Kg Contra river, 0,3457Hg.Kg Jaci-Paraná river, 0,2306mgKg
-1
Caripunas river, 0,4299mg.kg Branco river, and in small affluents,
-1
-1
0,6093mg.Kg Belmont, 0,5106mg.Kg Jatuarana I and 0,4236mg.
-1
kg Jatuarana II and the lesser values in the points of the Madeira
-1
-1
river, 0,0678mg. Kg Madeira I, 0,0856mg.Kg Madeira II,
-1
-1
0,0691mg.Kg Madeira III, and 0,0836mg.Kg in point Madeira V.
It was possible observe, that the mercury concentrations in affluents
folloied hidrologic cycle of region, with the greater values verified in
the rainy period. In the Madeira river, beyond the mercury values
in suspended solids to be well below of the values found in the
affluents, these values had not been influenced by hidrologic cycle
of the region, that is, the mercury had been remained without space
and sazonal variability.

work was to evaluate the mercury concentrations in plankton in
different affluents of the Madeira river (localized in Rondônia state,
Occidental Amazon), there are Branco river, Contra river, Caripunas
river, Jaci-Paraná river and river Jatuarana. The collections had
been to each three months, April 2009 to November 2010 period.
Plankton samples were collected in the water surface with boat in
moviment (4,5Km/h) and three nets of nylon, with 160 μm, 70μm
and the other with 20μm of mesh opening. After freeze-drying,
the total mercury determination was done by atomic absorption
spectrophotometry by cold vapor generation (FIMS-400). The
mercury concentration in plankton, varied between 0,0060mgHg.
-1
-1
Kg in Branco river during rainy period and 0,1850mgHg.Kg
in Jatuarana river also rainy period. Generality the found values
plankton mercury varied sufficiently throughout the period studied.
Can be verified that the low values had been registered in plankton
collected in rivers of clear waters (Branco and Contra rivers) that
dark water rivers (Jaci-Paraná for example). Water dark rivers
showed favorable conditions for mercury methylation, this factor
can have contributed for the register of greater mercury values
in plankton these environments. However, the found plankton
mercury during the present study, meet below of the average values
found by other plankton works of the Amazon region.

TS2-P1
MERCURY VARIATIONS IN STREAM AND LAKE
SEDIMENTS OF NOVA SCOTIA, CANADA
1

1

2

NASR, Mina , ARP, Paul A. , RENCZ, Andy
(1) Faculty of Forestry and Environmental Management, University
of New Brunswick, mnasr@unb.ca; (2) Mineral Resources Division,
Geological Survey of Canada.
The effects of atmospheric, edaphic, topographic, and geologic
specifications of watersheds and wet-area coverage associated with
Geological Survey of Canada (GSC) sampling locations for stream
and lake sediments were investigated for total mercury (THg)
variations in Nova Scotia. Geospatial analyses were carried out by
using high resolution digital elevation models (10 m resolution) to
determine mercury hotspot watersheds. The result showed that THg
concentrations were higher in lakes (average: 360 ppb) than streams
(average: 90 ppb) for both upland and lowland sampling locations
and were related to lake area, presence/absence of wetlands, wetland
types, and atmospheric mercury deposition. The analyses were
focused on case studies including Cap Breton, KejimKujick National
Park, Mercy River, and Pock-Bowater Water watersheds in Nova
Scotia.

TS6-O4

RG8-P8

QUANTIFYING SPATIAL AND TEMPORAL TRANSFER OF
MERCURY FROM UPLAND TO LOWLAND IN FORESTED
WATERSHED OF KEJIMKUJIK NATIONAL PARK

MERCURY EVALUATE IN PLANKTON OF DIFFERENTS
MADEIRA RIVER AFFLUENTS, WESTERN AMAZON,
BRAZIL.
1

2

1

2

NASCIMENTO, Elisabete , HOLANDA, Igor , CARVALHO, Dario ,
2
2
MIRANDA, Marcio , BASTOS, Wanderley
(1) Environmental Biology Laboratoy, betalabmerc@yahoo.com.br; (2)
Biogeochemistry Environmental Laboratory
The energy transfer in aquatic alimentary chain is an important way
of mercury entrance for the other trofics levels. The objective of this
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2

1

NASR, Mina , CLAIR, Tom C. , ARP, Paul A.
(1) Faculty of Forestry and Environmental Management, University of
New Brunswick, mnasr@unb.ca; (2) Environment Canada
This study presents a spatial and temporal framework for modelling
upland-lowland mercury (Hg) transfer in forested watersheds of
Kejimkujik National Park, Nova Scotia. With this framework, the
two geo-spatial sampling studies were used to identify differences
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in total organic carbon (TOC), total and methyl Hg concentrations
by type of freshwater environment (surface water and groundwaterfed systems) and seasonal high to low flow conditions. It is
demonstrated that scavenged atmospheric Hg by the forest canopy
is allocated to forest biomass production and partitioning process.
Hydrological calculations were used to determine the rate of
dissolved organic carbon (DOC) and Hg leaching from the forest
soil based on the soil-internal DOC production. The subsequent
leaching rate was then partitioned into surface and sub-surface
water flow, with the former carrying the soil produced Hg-DOC
combination, while the latter loosing this combination through
continued DOC and Hg retention within the soil. The modelestimated Hg concentrations were calibrated with the corresponding
field determinations for (i) the forest biomass components, (ii) the
upland soil layers, and (iii) the concentrations in soil leachates and
stream water.

TS8-P11
MERCURY VARIATIONS IN SOIL LAYERS IN RELATION TO
TOTAL CARBON, NITROGEN, AND SULPHUR CONTENTS
1

2

1

NASR, Mina , BHATTI, Jagtar S. , ARP, Paul A.
(1) University of New Brunswick, mnasr@unb.ca; (2) Canadian Forest
Service Natural Resources Canada
In this study, litter (L-), fermentation (F-), and humification (H-)
layers of forest floor, eluviation (A-) layer of top mineral soil samples
were conducted from selected forests on Grand Manan Island, the
south-west shore region at Lepreau and New River Beach, and the
interior at Fredericton, of the province of New Brunswick, Canada.
This study revealed that total mercury (THg) concentration in the
organic soil was strongly correlated with the sulphur (S) content of
the organic soil, and in the mineral soil it decreased with decreasing
soil carbon (C) content. The THg/C and THg/N ratios of the L-,
F-, H-, and A-layers appear to be functionally related to the state
of organic matter humification, the slower turnover rates of S and
N versus C, and of Hg versus S and N. The generated multiple
regression analysis revealed that THg concentrations in the soil
were the highest in F- and H- layers and it increased in area partially
or completely covered with Pleurozium schreberi and Sphagnum
sp. The model also showed negative correlation between THg
concentrations and substrate thickness (soil depth and moss height),
and C content, however positive correlation were observed for S
content, substrate thickens, location, and soil layer type (F- and Hlayers).

RS9-P5
EXPORT OF MERCURY FROM A CENTRAL EUROPEAN
CATCHMENT, CZECH REPUBLIC
1

NAVRATIL, Tomas
(1) Inst. of Geology AS CR, v.v.i., navratilt@gli.cas.cz
The mining and combustion of high-sulfur coal in the Black
Triangle region of the northwestern Czech Republic has left a welldocumented legacy of sulfate pollution, but the fate of associated
mercury (Hg) has received little attention. We investigated the
export of Hg at Lesní Potok (LP), a 75-ha forested catchment about
60km S of the Black Triangle and 30km east of Prague. The LP
catchment is 99% forested with 50% deciduous and 50% coniferous

WWW.MERCURY2011.ORG

cover. The soils developed on the granite are relatively well-drained
Cambisols. Precipitation averaged 680mm during the last 10 years
and runoff averaged 90mm thus evapotranspiration was high at
2+
2
87%. LP stream water is dominated by SO4 - and Ca with mean
-1
concentrations of 59.8 and 12.4 mg.L , respectively in water year
2009. The pH ranged from 5.2 to 6.0.
Mean concentration of Hg in soil at LP catchment was somewhat
elevated at 330 μg.kg-1 in organic horizons and near background at
54 μg.kg-1 in mineral horizons. Filtered total Hg concentration in
LP stream water in water year 2009 was very high, averaging 17.1
-1
-1
-1
ng.L (range 3.2 to 27.3 ng.L ) DOC averaged 10.3 mg.L . Filtered
total Hg positively correlated with DOC concentrations (r=0.57;
n=29, p<0.001). The usual sampling protocol at LP catchment
includes 12 samples per year. Since the spring snowmelt period is
usually the most important period of water year in central European
forested ecosystems, we increased sampling frequency and took
20 extra samples in 45 days (27 February-13 April 2009). Mean
-1
filtered Hg concentrations of 18.0 ng.L in the stream water during
snowmelt period were slightly greater than mean annual values but
-1
mean DOC concentration did not change significantly (10.6 mg.L ).
This shift in filtered Hg concentrations weakened correlation with
DOC (r=0.47; n=22, p<0.01). Annual output of filtered Hg from
-2
LP catchment was estimated at 0.87 μg.m , with more than 70% of
annual Hg output flux occurring during spring snowmelt period.
Without the frequent sampling during snowmelt, annual Hg output
-2
flux would have been underestimated at 0.79 μg.m . The mean ratio
of Hg(ng)/DOC(mg) during the snowmelt was 1.70, while during
the rest of the year it ranged from 0.45 to 2.03. The shifts in ratio
suggest a possible various sources of DOC and Hg. Our next phase
of research will address the cause of this very high Hg/DOC ratio
and its seasonal shifts.

FG8-O1
ROLE OF BIOGENIC THIOLS ON UPTAKE OF INORGANIC
MERCURY AND METHYLMERCURY IN ESCHERICHIA
COLI
1

1

1

1

NDU, Udonna C. , MASON, Robert , LIN, Senjie , ZHANG, Huan
(1) University of Connecticut, udonna.ndu@uconn.edu

Thiols such as cysteine and glutathione, are found in water columns
of oceans and estuaries where they form charged complexes with
II
II
inorganic mercury (Hg ) and methylmercury (CH3Hg ). In this
study, we used a mer-lux bioreporter to decipher the mechanisms
II
II
of Hg and CH3Hg uptake into Escherichia coli cells when these
ions are bound to glutathione and cysteine. We investigated the
impact of three amino acids (cysteine, methionine and leucine)
II
II
on the uptake of Hg and CH3Hg . We also compared uptake
II
rates of HgII and CH3Hg into an E. coli strain that has a known
glutathione transporter to an E. coli strain where this transporter
system had been disabled. This experiment was conducted in both
a minimal and enriched medium. We found that complexation with
cysteine resulted in increased uptake of both mercury species while
complexation with methionine and leucine had little or no effect
on uptake. The mechanism of uptake of the mercurial-cysteine
complexes is likely not passive diffusion but could result from
the activities of a cysteine transport system. In enriched medium,
II
I
there was increased uptake of Hg and CH3HgI with increasing
glutathione concentration in the strain with the functioning
transport system but not in the strain where this capability had
been disabled. In a minimum medium, uptake rates decreased
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with increasing glutathione concentration. Overall, our studies
II
II
demonstrate that uptake of Hg and CH3Hg bound to thiols is due
to active transport mechanisms in E. coli if the appropriate genes are
activated.

TS16-O5
LONG-TERM FISH MERCURY TRENDS IN HISTORICALLY
CONTAMINATED ENGLISH-WABIGOON RIVER SYSTEM,
ONTARIO, CANADA
1

2

1

NEFF, Margaret , BHAVSAR, Satyendra , ARHONDITSIS, George ,
1
JACKSON, Donald
(1) University of Toronto; (2) Ontario Ministry of the Environment
The English-Wabigoon River system in northwest Ontario, Canada,
is a mercury-contaminated waterway. In the 1960s, effluent from
a chlor-alkali plant in Dryden, Ontario, released approximately
nine metric tonnes of mercury into Wabigoon Lake, which was
subsequently transported downstream through the Wabigoon
and English Rivers. Following the complete stoppage of mercury
release in 1975, several studies have documented the dynamics
of bioavailable mercury in this system, as well as the impacts on
aquatic biota and human consumers. Early studies documented
initial rapid declines in mercury concentrations, but by the early
1980s, declines showed signs of slowing. The Ontario Ministry of
Environment, in collaboration with Ontario Ministry of Natural
Resources, has monitored levels of mercury in several species of
fish from four representative lakes in the English-Wabigoon River
system since the early 1970s. This study compiles these long-term
data to assess temporal trends in mercury contamination in walleye,
northern pike and lake whitefish, three species important for sport
and subsistence fishing in this region. We used a variety of statistical
techniques, including linear regression, piecewise regression, MannKendall Test, standardized length concentrations and dynamic
linear modeling to assess change in mercury concentrations in these
three species from four lakes within the river system. We found that
for all lakes and species, there is a significant decline in mercury
contamination through time; however, there is evidence that in
most recent years, this decline is either slowing or levels remain
constant. Restrictive fish consumption advisories are in place for
these lakes. We also compared most recent mercury levels with
data from nearby unaffected lakes and 200+ locations in northwest
Ontario. These results will have important impacts on the continued
monitoring of mercury levels in these systems, and their relationship
to human health concerns in this region.

RG8-P10
MERCURY IN CALIFORNIA LAKES AND RESERVOIRS:
FACTORS INFLUENCING BIOACCUMULATION
1

2

1

NEGREY, John , MELWANI, Aroon , STEPHENSON, Mark ,
2
DAVIS, Jay
(1) Moss Landing Marine Laboratories, negrey@mlml.calstate.edu; (2)
San Francisco Estuary Institute
To fully characterize mercury (Hg) concentrations in the aquatic
food web, information on the factors driving methylmercury
(MeHg) bioaccumulation is needed. This study investigated Hg and
MeHg in 17 lakes and reservoirs in California. Largemouth bass
MeHg was measured in individual muscle fillets collected from
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each lake. Surface water and sediment samples were analyzed for
total Hg, MeHg, chlorophyll a, organic carbon, dissolved oxygen,
pH, temperature, and sulfate. These data, combined with many
lake morphometric (e.g., lake volume, surface area, and storage
capacity) and land-use variables (e.g., catchment area, forested
area, # mines, and total Hg in soil) were used to develop a statistical
model to predict fish MeHg concentrations. MeHg in largemouth
bass standardized to 350 mm varied from 60 – 1314 ng/g, wet
weight. Several of the predictor variables were found to be correlated
to size-standardized largemouth bass MeHg concentrations,
and were a significant component of a multivariate regression
model. The factors found to be statistically associated with MeHg
bioaccumulation were total Hg in sediment and catchment soils,
percent of forested area, and MeHg in surface water. Total Hg in lake
sediment alone explained 50% of the variation in largemouth bass
MeHg concentrations. These results were consistent with several
studies that have suggested that broad land use characteristics can
potentially influence MeHg bioaccumulation in lakes and reservoirs.
Further study at these lakes is needed to evaluate whether MeHg is
being incorporated through the pelagic or benthic pathway.

TG3-O2
DEVELOPMENT OF AN INVENTORY FOR MERCURY
EMISSIONS IN AUSTRALIA
1

1

2

NELSON, Peter F , MORRISON, Anthony L , MALFROY, Hugh
(1) Macquarie University, peter.nelson@mq.edu.au; (2) Malfroy
Envoronmental Strategies.

The United Nations Environment Programme (UNEP) has begun
a process of developing a legally binding instrument to manage
emissions of mercury from anthropogenic sources. The UNEP
Governing Council has concluded that there is sufficient evidence
of significant global adverse impacts from mercury to warrant
further international action; and that national, regional and
global actions should be initiated as soon as possible to identify
populations at risk and to reduce human generated releases. This
paper describes the development of, and presents results from, an
inventory of anthropogenic mercury emissions in Australia which is
now included in the UNEP database. Results indicate that: (1) The
best estimate of total anthropogenic emissions of mercury to the
atmosphere in 2006 was around 15 tonnes, compared with the most
recent global emission estimate reports of about 34 tonnes/year; (2)
Three sectors contribute substantially to Australian anthropogenic
emissions: gold smelting (~50%), coal combustion in power plants
(~15%) and alumina production from bauxite (~12%); (3) A diverse
range of other sectors contribute smaller proportions of the emitted
mercury. These include industrial sources (mining, smelting, and
cement production) and the use of products containing mercury. It
is difficult to determine historical trends in mercury emissions given
the large uncertainties in the data. However, it is clear that use of
products containing mercury is declining.
Emissions of mercury (broken down into elemental gaseous,
reactive gaseous and particulate mercury) from natural sources such
as vegetation, soils, water and fires, and from anthropogenic sources
including large industial complexes, commercial–domestic sources
and motor vehicles have been included in the inventory and spatial
and temporal variations are accounted for.
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RG8-P2
SENSIBLE SENTINELS: PRELIMINARY MERCURY DATA
FOR DRAGONFLY NYMPHS (ODONATA: ANISOPTERA)
ACROSS NORTHERN NEW ENGLAND CORROBORATE
EXPECTED SPATIAL PATTERN
1

2

2

NELSON, Sarah J. , CHEN, Celia Y. , ROEBUCK, Hannah J. ,
3
ZOELLICK, Bill
(1) University of Maine, sarah.nelson@umit.maine.edu; (2)
Dartmouth College; (3) SERC Institute.
Mercury (Hg) is a potent neurotoxin that is delivered to ecosystems
via deposition from a global atmospheric pool, and ultimately
bioaccumulates in aquatic and terrestrial foodwebs. Around
the Gulf of Maine, research sites in ‘pristine’ areas have fish and
other biota that exceed thresholds considered safe for human
consumption or wildlife protection. All Maine, Vermont, and New
Hampshire surface waters are under fish consumption advisory
and are considered impaired with respect to Hg because of these
patterns and the difficulty in predicting which systems are most
affected. Together with a team of citizen scientists, we are evaluating
the utility of dragonfly nymphs (Odonata: Anisoptera) as indicators
of Hg status in the Gulf of Maine region. We propose that dragonfly
nymphs will be good sentinels because they are: (1) widespread and
found in most surface waters in the region, (2) long-lived in aquatic
systems (1-5 yr as nymphs), (3) exhibit site philopatry, (4) important
prey species for fish that are consumed by humans, and (5) simple
to capture, process, and analyze at meaningful Hg concentrations.
Specifically, because dragonfly nymphs are themselves predators,
Hg concentrations are high enough for laboratory and statistical
analyses to be meaningful. The average Hg concentration in
dragonfly nymphs sampled across Maine was 0.097 ppm (wet weight
basis), greater than the proposed wildlife safety criterion (0.077
ppm). At sites across the region (ME, NH, VT, and MA), we used
our data to address hypotheses regarding whether Hg varied with
body size or by family; these characteristics were less important
than a field site’s landscape setting. Data from a survey of a variety
of surface water sites in or near four National Park areas in ME
(Acadia), MA (Boston Harbor Island and Saugus Ironworks), and
VT (Marsh Billings Rockefeller) confirmed that Hg in dragonfly
nymphs was more variable among sites than within a site, suggesting
that they are useful indicators for Hg. Further, three years of
research by citizen scientists has confirmed correlation between
Hg in dragonfly nymphs and DOC in five streams within Sunkhaze
National Wildlife Refuge. Hg in dragonfly nymphs were related to
concentrations in other media at three long term monitoring sites
within Acadia National Park where Hg in mature forests has been
shown to be greater than early successional forests. More research
on dragonfly larval life history will help to develop a mechanistic
understanding of this spatial variability in Hg bioaccumulation.

FS22-O1
CONSIDERATIONS IN MATCHING MERCURY CONTROL
TECHNOLOGIES TO POWER PLANT CONDITIONS

coal-fired power plants. In recent years, a variety of mercury
control technologies have been developed for such plants and
an understanding has emerged of their relative strengths and
weaknesses.
In applying these technologies, however, different countries are
in different situations. Each nation has its own coal supplies with
their particular chemical characteristics, its own existing fleet of
plant configurations, its own coal residue disposal practices, and
its own capability to pay for power plant emission reductions.
This presentation will explore each of these considerations – coal
characteristics, fleet configurations, and disposal practices – in
relation to the various technology options that are available in order
to assist in the minimization of costs and maximization of emission
reductions.

TS7-P7
GEOSPATIAL ANALYSIS OF MERCURY DATA IN COASTAL
CATCHMENTS
1

NEVILLE, Melinda , BEARD, Kate
(1) University of Maine, mneville@maine.edu
Issues of scale hamper the integration and modeling of abiotic and
biotic mercury (Hg) pools and fluxes across terrestrial and aquatic
ecosystems. Mercury monitoring efforts provide some evidence
regarding the effects of Hg emissions on water quality and ecosystem
health, but not a comprehensive picture because of (1) different
spatial and temporal sampling strategies and (2) the complexity
of Hg fate and transport dynamics. The role of environmental
sampling is to make inferences about the larger population; an
objective of this work is to infer spatial and temporal patterns in Hg
fate and transport from a diverse collection of sampling data. In
order to assess spatiotemporal patterns in Hg concentration across
the coastal Maine (USA) landscape, we are integrating legacy data
from more than a dozen studies with thousands of environmental
Hg samples. Mercury measurements in the coordinated database
include atmospheric deposition and several terrestrial and aquatic
media types spanning a time period from 1986 – 2010. Some key
concepts addressed while integrating disparate data are spatial and
temporal support and autocorrelation. Spatial support refers to the
physical size and extent over which an observation is made and for
any statistical analyses these different spatial and temporal supports
need to be reconciled. Spatial autocorrelation refers to the distance
over which similarity in Hg concentration values tend to persist.
The spatial autocorrelation functions for Hg concentrations are not
expected to be the same across different media. This presentation
will address the initial characterization of the range in spatial and
temporal support across the data set and an assessment of the
spatial autocorrelation structures as the first steps in developing an
inference framework. The inference framework being developed
for this project hopes to elucidate the scales at which the current,
diverse monitoring data are applicable and comparable, in order to
better predict effects of changes in Hg emissions.

1

NELSON, Sid
(1) Albemarle Corporation, Sid.Nelson.Jr@Albemarle.com
The United Nations is in the process of formulating a global
instrument for environmental mercury reductions which includes
an examination of the possibility of emission reductions from

WWW.MERCURY2011.ORG

228

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada

FS15-O6
SELENIUM PROTECTS AGAINST ADULT-ONSET, BUT NOT
DEVELOPMENTAL, METHYLMERCURY EXPOSURE.
1

NEWLAND, M. Christopher
(1) Auburn University, newlamc@auburn.edu
There is a long-standing literature on selenium’s ability to protect
against methylmercury’s neurotoxicity. In recent studies, our lab has
examined the role of methylmercury dose, selenium concentration,
and exposure window (adult-onset vs gestational) to obtain a full
picture of selenium-mercury interactions. Adult rats consumed a
purified diet containing 0.06 or 0.6 ppm of selenium, levels that
are lean or rich in selenium but still nutritionally appropriate. In a
factorial design, the rats were also exposed chronically to 0, 0.5, 5, or
15 ppm of mercury (as methylmercury) in drinking water to provide
approximately 40 to 1200 ug/kg/day of exposure. Exposures lasted
up to 18 months. Concentrations of 5 and 15 ppm of methylmercury
diminished grip strength, somatosensory function, survival and
attenuated age-related increases in spontaneous running in an dose
dependent fashion. Selenium substantially delayed the appearance
of methylmercury’s neurotoxicity by about a month in the 15 ppm
group and about 5 months in the 5 ppm group. By itself, selenium
increased running in the older rats. In the developmental model
using a similar design, but with only 0, 0.5, and 5 ppm of mercury,
rats were exposed to methylmercury and selenium during gestation.
Methylmercury exposure ended at birth but the selenium diets
were throughout life. Gestational exposure at both doses impaired
reversal learning, enhanced sensitivity to dopamine, and impaired
reward function in the rats when tested as adults. On no task did
selenium confer protection against gestational methylmercury
exposure. To test theories about selenium-methylmercury
interactions, the ability of selenium:mercury ratios and healthbenefit values will be compared against simple mercury dose for
their ability to predict neurotoxicity [SUPPORTED BY ES10865
from NIEHS]

MG6-P5
THE TEMPORAL AND SPATIAL DISTRIBUTION
CHARACTERISTICS OF THE GASEOUS MERCURY AND
THE INTERRELATED IMPACT FACTORS ANALYSIS IN
JIAPIGOU GOLD MINE IN NORTH CHINA
1

1

NING, Wang , GANG, Zhang
(1) Northeast Normal University, nwang@nenu.edu.cn
The method of amalgam process has been applied to gold mining
for 180 years in Jiapigou gold mine in north China, Which lead to
serious mercury pollution problems. During 2008-2010, along to the
river flowing through the gold mine monitoring points have been
set within 5km. LUMEX RA-915+ mercury analyzer has been used
to determine the content of total gaseous mercury(TGM) according
to summer and autumn and meteorological elements such as wind
direction, wind speed, atmospheric pressure and so on have been
determined simultaneously in order to study the laws of the TGM
distribution in seasons and analyze the reasons of the temporal and
spatial distribution of the TGM. The soil samples corresponding
to the air monitoring points have been collected and the contents
of total mercury (THg) and methylmercury (MeHg) have been
determined.
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The conclusions have been arrived: 1) the concentration of TGM
decreases with the distance increasing to the mercury source, and
based on the monitoring data, whether the gold mining work or
not impact the concentration of TGM obviously. 2) the temporal
distribution characteristic of TGM is summer>autumn, especially
near the gold mine and tailing pond which is more than 5 times. It is
concluded that high temperature lead to the mercury diffuse rapidly
and the soil and water have become the important released source.
3) In summer TGM of all sampling points are positive correlation
to the temperature and correlation index change from 0.337~0.867.
The TGM of all monitoring points are perfectly negative correlation
to the wind speed and the index vary from 0.734~0.993. However,
in autumn high winds lead to negative correlation between TGM
and wind speed and the index change 0.461~0.994. Regular low
temperature in autumn make the correlation between TGM
and temperature decrease and sometimes it is negative. 4) In
autumn thermal inversion occur frequently and impact the
TGM largely, which have become the main impact factor to the
change of TGM. 5) The difference of landform and land surface
(water,land,vegetation,and city,etc.) can impact the transport and
diffusion of mercury pollutant in atmosphere. The content of soil
mercury impacts TGM in a way.

TG10-P4
INFLUENCE OF BIOTURBATION ON MICROBIAL
PRODUCTION OF METHYLMERCURY IN CONTINENTAL
SHELF SEDIMENTS
1

1

NOGARO, Geraldine , HAMMERSCHMIDT, Chad R.
(1) Wright State University, geraldine.nogaro@wright.edu
Microbial methylation processes in sediments are an important
source of toxic monomethylmercury (MMHg) to aquatic
ecosystems. Although bioturbation activities (feeding, digging
of galleries, excavations, bioirrigation) by benthic fauna are
known to influence many biogeochemical processes, the role of
bioturbation on benthic MMHg production is poorly understood.
We investigated the effects of bioturbating fauna on microbial
production of MMHg in sediments sampled from the continental
shelf of the northwest Atlantic Ocean in September 2009.
Control (sieved) and macrofauna cores were incubated in a dark
experimental chamber. The influence of benthic macrofauna was
measured on gross rates and net MMHg production, sediment
reworking, oxygen and dissolved organic carbon concentrations,
and microbial metabolic activities. The presence of macrofauna
stimulated microbial respiration and net MMHg production but
had no observed effect on short term gross rates of Hg methylation.
This research advances knowledge and understanding concerning
the interactions between benthic fauna, microorganisms, and
Hg/MMHg dynamics in aquatic systems. Such information
will be especially useful in assessing the impact associated with
pollutant-derived Hg and its potential influence on the production,
distribution, and bioaccumulation of MMHg.
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RG8-P19

insect orders (Ephemeroptera, Odonata, Plecoptera, Megaloptera
and Trichoptera), the dragonflies (Anisoptera: Odonata) standout
as being diverse taxonomically, but very restricted in diet; all are
generalist predators as larvae and adults. As such, they tend to
bioaccumulate contaminants. However, bioaccumulation among
dragonfly species can vary across genera and families within a
single water body. For dragonfly larvae, these taxonomic levels fall
into distinct habit guilds. These habit guilds aggregate species by
modes of locomotion, attachment, and concealment. Consequently,
dragonflies from different habit guilds are likely to encounter and
consume different prey species at distinct rates. These behavioral
differences may help explain the variability in methylmercury
(MeHg) bioaccumulation among species within and across water
bodies. Habit guilds include: burrowers (most species within
the Family Gomphidae and all Cordulegastridae), sprawlers
(most Libeludidae and some Corduliidae), and climbers (most
Aeshnidae). We explored MeHg associations among guilds by
combining data from two mercury surveys conducted in northern
temperate freshwaters: (1) 15 water bodies in Voyageurs National
Park (2003-2005) and (2) 25 water bodies across 6 park units in the
Great Lakes Inventory and Monitoring Network (2008-2009). The
majority of dragonfly species collected in this region spend 2 years
as larvae underwater before emerging as terrestrial adults. Therefore
differences in MeHg concentrations among guilds are not the result
of somatic growth dilution, but likely reflect differences in foraging
habit. Our initial findings suggest that mean MeHg concentrations
among the guilds displayed similar slopes but different intercepts
across the gradient of methylmercury contamination for the water
bodies examined. Across this gradient, MeHg concentrations were
greatest in the climbers followed by the clingers, sprawlers, and
burrowers, respectively. Climbers, clingers, and sprawlers are active
hunters feeding on prey located at or above the benthic zone, while
burrowers are sit-and-wait predators feeding primarily on benthic
prey. The frequency of piscivory and/or intraguild predation among
the climbers and sprawlers (e.g., Hagenius brevistylus and Didymops
transversa) may also explain differences in MeHg bioaccumulation
among the guilds. Recognizing the differences in larval foraging
behavior among the dragonflies will improve their utility as sentinel
organisms.

METHYLMERCURY CONCENTRATIONS IN DRAGONFLY
LARVAE VARY BY GUILD: YOU ARE WHAT YOU EAT AND
WHERE YOU EAT IT

TS8-P2

MG7-P11
INFLUENCE OF A HIGH TURBIDITY ZONE ON THE
DISTRIBUTION AND SPECIATION OF MERCURY IN THE
MEKONG RIVER DELTA (TIEU ESTUARY)
1

NOH, Seam
(1) Gwangju Institute of Science and Technology, seam@gist.ac.kr
The estuarine high turbidity zone (HTZ) is well known to provide
a temporary trap for riverine and marine particles, and these
particles undergo a diagenetic reaction in sediments. However, the
involvement of Hg speciation in the estuarine HTZ is not yet fully
understood. In the current study, concentrations of Hg species, as
well as compositions of suspended particles and sediments were
investigated in both the low turbidity zone (freshwater) and the HTZ
(brackish water) of the Tieu Estuary located in the Mekong River.
As freshwater particles with high organic content (5.3±2.1%) were
mixed with suspended sediments in the HTZ, particulate organic
matter in suspended loads decreased in the HTZ (1.7±0.17%). The
total Hg concentrations in unfiltered surface waters were higher in
the HTZ (120±81 pM) than in the freshwater (28±16 pM) due to
increased suspended loads in the HTZ. In contrast, concentrations
of unfiltered monomethylmercury (MMHg) in surface water
decreased in the HTZ (0.24±0.073 pM) than in the freshwater zone
(0.12±0.045 pM). The decreased unfiltered MMHg concentration
in the HTZ was a result of decreased particulate MMHg associated
with the low particulate organic matter content. Regarding sediment
Hg speciation, the total Hg and MMHg contents were similar
between the freshwater zone and the HTZ. Large amounts of acid
volatile sulfide (AVS) detected in the HTZ sediments (3.6±2.6 mmol
g-1) appears to limit the active methylation of inorganic Hg(II) in
those sediments. Overall, despite of intense organic degradation,
increased AVS in sediment and decreased POM in SPM impeded
active production and water column transfer of MMHg, respectively,
in an estuarine HTZ.
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NORTHWICK, Reid M. , HARO, Roger J. , ROLFHUS, Kristofer
1
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R. , BAILEY, Sean W. , SANDHEINRICH, Mark B. , WIENER,
1
James G.
(1) River Studies Center, University of Wisconsin - La Crosse,
northwic.reid@uwlax.edu
The bioaccumulation of methylmercury through the lower
portions of aquatic food webs is poorly understood. This lack of
understanding is, in part, due to the diversity of strategies used
for energy acquisition among invertebrates that are secondary
and tertiary consumers. For aquatic insects alone, dietary changes
regularly occur through ontogeny. Among the “true” aquatic
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MERCURY DISTRIBUTION ACROSS 14 U.S. FORESTS:
SPATIAL PATTERNS OF TOTAL AND METHYL-MERCURY
CONCENTRATIONS IN BIOMASS, LITTER, AND SOILS.
1

2
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OBRIST, Daniel , JOHNSON, Dale , POKHAREL, Ashok ,
4
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5
LINDBERG, Steve , LUO, Yiqi , HARARUK, Okesandra
(1) Desert Research Institute, dobrist@dri.edu; (2) University of
Nevada, Reno; (3) Desert Research Insitute; (4) Oak Ridge National
Laboratory - Emeritus; (5) University of Oklahoma, Norman.
Results from a systematic investigation of Hg concentrations across
14 forests in the United States show highest concentrations of total
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Hg in litter, strongly enriched compared to aboveground tissues and
indicative of substantial post-depositional sorption of Hg. Soil Hg
concentrations were lower than in litter, with highest concentrations
in surface soils. Aboveground tissues showed no clear spatial
distribution patterns, likely due to 17 different tree species present
across sites. Litter and soil Hg concentrations strongly correlated
with carbon (C), latitude, precipitation, and clay, which together
explained up to 94% of concentration variability. We observed
strong latitudinal increases in Hg in soils and litter, in contrast to
inverse latitudinal gradients of atmospheric deposition measures.
Based on a multi-regression model, we created a distribution map of
Hg in surface soils of the United States. Concentrations of methylHg were strongly related to the presence of total Hg, and hence sites
with high concentrations and pools of total Hg correspondingly
showed high methyl-Hg concentrations and pools.
Soil and litter Hg concentrations were closely linked to C contents,
consistent with well-known associations between organic matter
and Hg, and we propose that C shapes the distribution of Hg in
forests at continental scales. The consistent link between C and Hg
distribution may reflect a long-term legacy whereby old, C-rich soil
and litter layers sequester atmospheric Hg depositions over long
time periods. Total pools of Hg were calculated for all above-ground
and below-ground pools and we discuss total ecosystem pools in
relation to dry and C pools.
A series of experimental field and laboratory studies were performed
to assess fate of C sequestered in litter and soils pools upon C
mineralization. Our results consistently show that a fraction of
Hg bound to soils and litter is subject to gaseous evasion upon C
mineralization. In litter, we found that gaseous losses of Hg were
equivalent in magnitude to losses of dry and C mass, pointing to
potentially strong release of Hg upon litter decomposition. The
observed correlations of Hg with the distribution of C in U.S. forest,
along with observed evasion losses of Hg upon C mineralization,
indicates important consequences of global change and predicated
changes in terrestrial carbon pools on the storage of Hg in terrestrial
ecosystems.

TS6-O6
PHOTO-REDUCTION AND PHOTO-OXIDATION OF
MERCURY IN OCEAN WATER AND FRESHWATER
1

1
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O’DRISCOLL, Nelson , VOST, Emma , QURESHI, Asif ,
2
1
MACLEOD, Matthew , LUKEMAN, Matthew , NEUHOLD, York2
2
Michael , HUNGERBÜHLER, Konrad
(1) Acadia University, nelson.odriscoll@acadiau.ca; (2) ETH Zurich
Photo-reduction and photo-oxidation are fundamental mechanisms
controlling mercury volatilization and accumulation in both
freshwaters and ocean water. However differences between these
processes have not been examined in these ecosystems. Oceans
are often regarded as a source of atmospheric mercury in global
transport and some lakes are known areas of retention but the
reasons for these contrasts were previously not clear. Oceans
account for about one-third of total mercury flux to the atmosphere,
in the form of dissolved gaseous mercury (DGM) or elemental
mercury, which evades from the water surface. In all surface waters
DGM is produced as a net result of the reduction of reducible
2+
mercury which believed to be primarily (Hg ) bound to specific
0
carbon-based ligands and the oxidation of elemental mercury (Hg ).
These two processes control the amount of DGM available for
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evasion across the water-air interface. However, the fundamental
rate constants and mechanisms of these reactions in ocean water
and freshwaters are poorly studied.
Here, we review recent progress our group has made and present
rate constants derived from two recent projects that quantified both
the gross photo-reduction and gross photo-oxidation of mercury
in water samples from the open Atlantic Ocean and a series of
freshwater lakes in Kejimkujik National Park, Nova Scotia, Canada.
A Luzchem temperature-controlled photo-reactor was used to
irradiate 200 mL filtration sterilized samples in quartz beakers
exposed to two intensities of either ultraviolet (UV-A or UV-B)
radiation or total UV radiation. Pseudo-first order rate constants
were derived as a function of time and cumulative radiation energy.
Both abiotic and biotic samples were analyzed to quantify the
relative importance of biotic and abiotic redox reactions.
We conclude that reduction and oxidation of mercury in ocean
water does not follow a simple reversible reaction pathway; instead,
Hg(0) can be oxidized to another (presently unidentified) mercury
species that is not available for further reduction. This reaction
step plays a major role in the net formation of DGM in surface
oceans and leads to the depletion of photo-reducible mercury
and DGM over relatively short time frames. In contrast, the netphoto-oxidation rates for freshwaters are so low that it appears that
reduction and oxidation are very close to being in balance and there
is no evidence of a depletion of photo-reducible mercury over the 24
time frame of the experiments.

TS8-P8
LACUSTRINE MERCURY DEPOSITION RECORDS IN THE
TAPAJOS RIVER REGION, BRAZILIAN AMAZON: LINKS
TO HISTORICAL LAND-USE/LAND-COVER CHANGE
1

1

OESTREICHER, Jordan , LUCOTTE, Marc , ROMANA, Christina,
1
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1
ROZON, Christine , MOINGT, Matthieu , BÉLANGER, Emilie
(1) GEOTOP-UQÀM, jsoestreicher@gmail.com
In the Tapajos River Region of the Brazilian Legal Amazon, landmanagement practices and extensive deforestation have been
identified as primary factors leading to the transport of naturally
formed soil mercury from the pedosphere to the hydrosphere.
In this same region, river-dwelling populations are exposed to
elevated levels of mercury through frequent consumption of fish
that bioaccumulate the toxic organometallic compound. Exploring
the causal relationships between punctual and prolonged land-cover
changes and ecosystem responses can inform our understanding of
mercury transport processes and mercurial exposure dynamics in
riparian populations. Given this context, the present study applies
a coupled analysis of spatio-temporal landscape changes and
vertical mercury deposition patterns. Landscape metrics in seven
lake catchments in the Tapajos region were determined through
of spectral analysis and photo interpretation of three Landsat TM
images over a twenty-year period (1987 – 2009). A geochronology
of lacustrine mercury deposition records, using lead-210 activity
analyses, was determined for sediment cores (70-100cm) taken
at the outlet of each catchment. Preliminary comparisons of
catchment-level landscape metrics with long cores suggest that the
velocity of land cover change and the spatial extent of forest, pasture,
and agriculture covers affect mercurial deposition patterns and
sedimentary mercury burdens.
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FS19-O2
SOCIAL AND ECOLOGICAL PROCESSES AND
UNDERLYING DRIVERS RELATED TO MERCURY
MOBILIZATION AND EXPOSURE: THE CASE OF THE
TAPAJOS RIVER REGION, BRASILIAN AMAZON
1

1
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1
1
Christine , VALENTIN, Juliana
(1)Université du Québec à Montréal, jsoestreicher@gmail.com
In the Tapajos River region of the Brazilian Amazon, deforestation
and slash-and-burn agricultural practices are primary drivers of
mercury mobilization from the tropical soils. Through erosion and
lixiviation processes, the mercury is transported into the aquatic
ecosystem where methylation and bio-magnification in the food
chain results in exposure of fish-eating riparian populations. Yet,
deforestation, agricultural and fishing practices are relied upon
by subsistence farmers and fishers for livelihoods and well-being.
Livelihood choices, such as how much land to deforest and cultivate,
as well as how much fish to capture and consume, is driven by
larger socio-economic forces. To illustrate the effects of these
larger, indirect forces, we demonstrate that mercury mobilization
and transport as well as human mercury exposure risks are linked
to local and global market dynamics and public policies but also
local cultural and social conditions. We present data on historical
landscape change in the region, mercury deposition patterns in
lacustrine sediments, as well as human mercury exposure levels
to exemplify this case. Though the case expounded, we argue that
mercury movement in the environment and human exposure can
no longer be exclusively conceptualized in a linear source-exposureresponse fashion that is used in (eco) toxicological research. Under
dynamic and complex conditions such as in the Tapajos River
region we observe that sources are multiple and shifting as are
conditions linked to exposure. We argue for a systemic approach of
the complex health and environmental problems related to mercury
in the region. This approach allows underlying processes that drive
deforestation and agricultural practices to be examined and seeks
to understand the underlying socio-demographic and economic
drivers of exposure risks.

FG9-O4
PRIMARY FEATHERS AS INDICATORS OF DIET AND
DIFFERENTIAL MERCURY EXPOSURE IN DOUBLECRESTED CORMORANTS (PHALACROCORAX AURITUS)
NESTING ON LAKE WINNIPEG, MB
1

2

2

OFUKANY, Amy , HOBSON, Keith A , WASSENAAR, Leonard I
(1) Environment Canada/University of Saskatchewan, Amy.
Ofukany@ec.gc.ca; (2) Environment Canada

The double-crested cormorant (Phalacrocorax auritus) is a
piscivorous waterbird with a broad distribution throughout North
America. Each spring, large populations from the Gulf of Mexico
and Lower Mississippi Valley return to Lake Winnipeg and the
Laurentian Great Lakes to breed. Eggs and moulted feathers
often serve as mercury sinks; therefore adult cormorants may
serve as long-distance mercury vectors, depending on differential
accumulation from marine, freshwater, or aquaculture-based diets
on the wintering grounds. By combining isotopic and contaminant
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data on individuals, sources and consequences of contaminant
34
loads can be interpreted. Multiple stable isotope ratios (δ S,
15
13
δ N, δ C and δD) and total mercury (THg) concentrations were
measured in winter- and summer-grown primary feathers collected
from cormorants breeding on Lake Winnipeg, Manitoba, in
34
15
13
2009 and 2010. Sulphur (δ S), nitrogen (δ N) and carbon (δ C)
stable isotopes were used to characterize diet and sources of THg
exposure. Correlations between feather isotopes and long-term
weighted average precipitation δD were used to assign feathers to
Lake Winnipeg, the Gulf Coast region, or stopover sites. Mercury
concentrations in feathers were then compared according to diet
34
15
13
type and growth location. Population-level δ S, δ N, and δ C
results indicate an increased propensity to feed on freshwater rather
than marine or aquaculture foods, with no significant difference in
feather THg concentrations between the three diet types. However,
feathers assigned to northern breeding sites (δD) have significantly
higher THg concentrations than those grown in the Gulf Coast
region. This suggests adult cormorants nesting on Lake Winnipeg
are accumulating higher levels of THg from their summer, rather
than winter, diets.

MG7-P39
MERCURY AND METHYLMERCURY IN THE WATER
COLUMN, SEDIMENTS, AND BIOTA ACROSS THE GREAT
LAKES
1

1
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1
1
1
SABIN, Thomas , TATE, Michael , THOMPSON, Charles
(1) US Geological Survey, jmogorek@usgs.gov
Elevated levels of methylmercury (MeHg) are observed in sport and
commercial fish across the Great Lakes basin. Although mercury
(Hg) is recognized as a primary issue for the Great Lakes, our
level of understanding of driving factors (sources, internal cycling,
invasive species, and climate change) remains poorly understood.
One of the primary reasons for this understanding gap is general
lack of data, especially for the Great Lakes themselves. In 2010, the
U.S. Geological Survey (USGS) and U.S. Environmental Protection
Agency (EPA) initiated a multi-year project to evaluate Hg and
MeHg abundance and distribution in water, sediment, and biota
from all five Great Lakes and their tributaries on the US side.
Acquiring data at this time is critical to establish a baseline for
quantifying the potential response of the Great Lakes to pending
national (US) Hg emission regulations; to define the relative
importance of MeHg sources (tributaries, atmospheric deposition,
internal generation); and, to help guide restoration plans and
anticipate responses to ecosystem restoration changes: nutrient
load reductions, wetland restoration, invasive species, and climate
change.
During August 2010, water, sediment, and benthos were collected
during a month-long cruise aboard the EPA’s research vessel, Lake
Guardian. During that cruise, water samples were collected in profile
at 37 stations (4 in Michigan; 4 in Huron; 9 in Erie; 8 in Ontario;
and, 12 in Superior); sediment samples from 52 stations (15 in
Michigan; 9 in Huron; 12 in Erie; 7 in Ontario; and, 9 in Superior),
and benthos from 13 stations (7 in Michigan; 2 in Huron; and, 4
in Erie). Water column profiles were acquired using a remotely
operated sampling rosette equipped with 12 Teflon-lined Niskin
bottles and an onboard water quality sensor. Samples were collected
at specific water depths: mid-epilimnion, mid-thermocline, deep
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chlorophyll layer, mid-hypolimnion, and the bottom. In addition,
water samples were acquired from 59 tributaries in the fall of 2010.
Water, biota, and sediment samples are being analyzed for Hg
and MeHg, which allows us to examine whether MeHg formation
is occurring in the water column, sediments, or both; and, to
provide mass flux estimates from streams. Results to date show
top-to-bottom declining Hg concentrations at most of the water
column sampling sites, suggesting the importance of atmospheric
deposition. Methylmercury profiles most frequently show maximum
concentrations at the thermocline or deep chlorophyll layer,
suggesting water-column methylation.

FS15-O2
ASSOCIATIONS OF PRENATAL MERCURY, SELENIUM,
AND FATTY ACID EXPOSURE WITH CHILD COGNITION
AT AGE 7 YEARS IN A US COHORT
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(1) Harvard Medical School and Harvard Pilgrim Health Care
Institute, emily_oken@hphc.org; (2) Harvard School of Public Health;
(3) Children’s Hospital Boston.
Background
Fish and other seafood may contain beneficial nutrients as well as
harmful contaminants, and the balance of risks and benefits on
brain development are not clear. The prenatal period appears to be a
time of particular susceptibility to the adverse influence of mercury
(Hg) as well as the potentially beneficial influence of nutrients
such as the elongated n-3 fatty acids docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA), and of selenium (Se). Selenium
binds Hg and may protect against its toxic effects. Several welldesigned longitudinal cohort studies have examined the potential
neurotoxicity of prenatal Hg exposure, but less information is
available about the overall influence of dietary fish intake, including
Hg, Se, and fatty acids.
Methods
In 1999-2002 we enrolled pregnant women in Massachusetts into
the Project Viva cohort, and have followed their children since
birth. Using a semiquantitative food frequency questionnaire
administered at 24-28 weeks gestation, we estimated weekly fish
consumption and intake of DHA+EPA. We collected maternal blood
at the same timepoint and assayed stored maternal erythrocytes
for total Hg (Direct Mercury Analyzer 80) and Se (DRC-ICP-MS).
When children reached age 7 years, we administered the Kauffman
Brief Intelligence Test (KBIT), which includes verbal and nonverbal
subscales. We present here preliminary results from 291 children
(approximately half of those with stored prenatal blood samples).
We performed multivariable linear regression analyses adjusting for
maternal and child characteristics including home environment and
maternal IQ.
Results
Mean (SD) values were: DHA+EPA intake 160 (136) mg/d,
erythrocyte Hg 4.5 (4.2) ppb, erythrocyte Se 286 (67) ppb, KBIT
verbal 115 (13) points, KBIT nonverbal 107 (16) points. We saw
no evidence that age 7 KBIT scores were related to prenatal Se
[per 25 ppb 0.02 (95% CI: -0.49, 0.53) verbal; -0.46 (-1.19, 0.27)
nonverbal], Hg [per ppb 0.24 (-0.11, 0.59) verbal; -0.25 (-0.75, 0.24)
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nonverbal], or the molar ratio Se/Hg [0.46 (-2.37, 3.29) verbal, -1.46
(-5.56, 2.63) nonverbal]. Prenatal dietary intake of DHA+EPA was
associated with higher verbal [per 100 mg/d 1.15 (0.12, 2.18)] but
not nonverbal [0.59 (-0.91, 2.09)] scores. Mutual adjustment did not
substantially change estimates.
Conclusion
Preliminary results suggest a beneficial association of prenatal fatty
acid intake with age 7 year verbal intelligence, but no association of
mercury or selenium levels with intelligence. Analysis of remaining
stored biosamples will be completed by the time of the ICMGP
meeting.

WS14-O7
WHICH FISH SHOULD I EAT? CHALLENGES TO
DEVELOPING CLEAR, UNIFIED FISH CONSUMPTION
ADVICE
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(1) Harvard Medical School and Harvard Pilgrim Health Care
Institute, emily_oken@hphc.org; (2) Harvard School of Public health;
(3) Dartmouth College; (4) Department of Health, Washington State;
(5) New York City Department of Health & Mental Hygiene; (6)
Toulouse School of Economics (LERNA); (7) US EPA; (8) Brigham
and Women’s Hospital.
The public faces fish consumption advice from a variety of
sources. Diverse perspectives have influenced messaging
related to fish consumption, including toxicological, nutritional,
ecological, and economic viewpoints. For example, federal and
state agencies, concerned about exposure to toxicants in fish such
as methylmercury and polychlorinated biphenyls, have issued
advisories targeting the general public, sport fishers, pregnant
women, and young children. These advisories recommend that
consumption of fish of certain types, or from certain sources,
be limited or avoided. However, national organizations of
physicians and nutritionists encourage oily fish consumption
as a way to increase dietary intake of the long-chain omega-3
fatty acids that may prevent cardiovascular disease and improve
neurological development. Meanwhile, environmental groups have
recommended that consumers avoid certain fish based on concerns
about species depletion, farming methods, site of origin, or type of
harvesting. Furthermore, many guidelines do not provide detailed
information on the range of fish available, and conversely consumers
may not have access to the facts they need to make informed
choices, for example how or where a fish was caught. Frequency
of consumption and species type consumed are also influenced by
taste, cultural tradition, recreational habits, budget constraints, and
the availability of alternative foods.
Thus, the consumer who wants to know “which fish should I eat?”
is likely to find no advice, or at times directly contradictory advice.
For example, farm-raised salmon is high in omega-3 fatty acids and
very low in mercury, but environmental groups consider it a “Fish
to Avoid” because aquaculture may adversely impact ecosystem
integrity and wild fish stocks. While some experts worry that a
complicated or overly detailed message may confuse the public, it is
likely that much of the public is already confused.
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No review exists in the scientific literature that lays out viewpoints
on fish consumption from different perspectives together in
the same paper. In this analysis, we will summarize the issue of
fish consumption advice from nutritional, toxicant, ecological,
and economic points of view. We will identify areas of overlap
and disagreement among these viewpoints. We will also review
experience with previous advisories, and discuss the key elements
of a good public advisory. The opinions are those of the authors and
do not necessarily reflect the policies of the US EPA or any other
institution.

intervention women consumed >= 200mg/d of DHA (E 31%, E+
50%, control 0%, p=0.001). Few women had estimated MeHg intake
above the RfD at baseline (n=4, 8%) or follow-up (n=3, 6%). Assays
of biomarkers for both DHA and MeHg are in progress.
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A PILOT RANDOMIZED CONTROLLED TRIAL TO
INCREASE CONSUMPTION OF LOW MERCURY FISH
DURING PREGNANCY

METHYLMERCURY FORMATION IN A MANGROVE
ECOSYSTEM UNDER DIFFERENT SALINITY CONDITIONS
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Background
US guidelines recommend that pregnant women limit fish intake to
minimize exposure to methylmercury (MeHg), a neurotoxicant to
which the developing fetus is particularly sensitive. However, fish
is the primary dietary source for docosahexaenoic acid (DHA), an
n-3 fatty acid essential for fetal neurodevelopment. Most pregnant
women do not consume the recommended 200mg/d of DHA.
Concern exists that recommendations for greater fish consumption
during pregnancy may result in MeHg exposure above the EPA
reference dose (RfD) of 0.1 mcg/kg body weight/day.
Methods
We recruited 61 pregnant women at 12-22 weeks gestation who
consumed <=2 fish servings/mo, and we randomized them to 3
arms: education on the health benefits of low-mercury/high-DHA
fish including a brochure, wallet card, and weekly emails (E);
education + grocery store gift cards worth $10/wk to purchase fish
(E+); or control messages about healthful diet not focused on fish.
At baseline and 12-week follow-up we queried intake of 31 fish
and shellfish in the past month. We estimated DHA intake using
the USDA nutrient database, and intake of MeHg using published
reference data. Among the 51 women who have completed followup visits to date, we performed linear regression analyses comparing
change in intake of fish, DHA from fish, and MeHg from fish among
the 3 groups.
Results
At recruitment, participant characteristics and mean (range) intakes
of fish [1.1 (0-2) sv/mo], DHA [90 (0-522) mg/d], and MeHg [0.03
(0-0.13) mcg/kg/d] from fish were similar in all 3 arms. From
baseline to follow-up, participants reported increased intake of
both fish [E 3.7 oz/wk (95% CI: -0.7, 8.2), E+ 5.5 oz/wk (1.0, 9.9),
p=.047] and DHA [E 83 mg/d (13, 153), E+ 156 mg/d (86, 226),
p=0.0002], compared with controls. Change in intake of MeHg did
not differ in intervention vs. control arms [E -0.01 mcg/kg/d (-0.03,
0.02), E+ 0.02 mcg/kg/d (-0.02, 0.04), p=0.50]. At follow-up more
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Conclusion
An educational intervention among pregnant women increased
self-reported consumption of fish and DHA without an increase in
MeHg intake. Future studies are needed to determine intervention
effects on pregnancy outcomes.
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Mangroves occupy extensive areas of tropical and subtropical
coast lines, possess high ecological importance concerning its
productivity and fish nursery functions and are usually located in
areas of high anthropic pressure and pollution. Although mercury
pollution generates environmental and health concerns, there
are few studies regarding its accumulation and behavior in this
ecosystem. The study was conducted in a mangrove located near Rio
de Janeiro, Brazil, with the objective of analyzing MMHg formation
in sediments under different vegetation covers (mangrove trees
and aquatic macrophytes), at different depths, incubation periods
and salinities. Adjacent litter and Spartina sp. root samples were
also analyzed for MMHg formation. The experiments consisted of
203
203
incubation with Hg, MMHg extraction (MM Hg) and counting
by liquid scintillation. Results suggest that mangrove sediment is
capable of significant Hg methylation (up to 14% of MMHg), the
latter being higher in superficial sediment fractions. Incubations
of up to 10 days showed that MMHg formation leveled off after
1-2 days.. No significant correlations were found between Eh, pH,
salinity gradients (1.5 to 28‰) and MMHg formation. Sediment
is not the only mangrove substrate in which the process can occur,
as Spartina sp. roots and litter methylated up to 3% and 1.5%
respectively. MMHg formation is present in mangrove ecosystems
and needs to be further studied since this metal represents a
contamination risk to local biota and human populations that feed
on them.

RS3-P11
ATMOSPHERIC MERCURY NETWORK AUTOMATED
QUALITY ASSURANCE PROGRAM OVERVIEW AND LIVE
DEMONSTRATION
1

OLSON, Mark
(1) NADP, mlolson@illinois.edu
The Atmospheric Mercury Network (AMNet) became an official
network within the National Atmospheric Deposition Program
(NADP) in the fall of 2009. The goal of this network is the
measurement of the atmospheric mercury species on a continuous
basis. Currently the AMNet consists of 25 sites across North
America and stores over 60 years of mercury species measurements
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which is available to public on the NADP web site. Prior to
public release, all data needs to be validated by three different
interconnected reviews: the site operator, the site liaison, and the
automated AMNet Quality Assurance program. Site operators
upload data directly through a FTP protocol or manual methods.
Site operators fill out a NADP AMNet field form while on site which
is submitted electronically to NADP monthly. This field information
is brought into the AMNet database and linked to the ambient Hg
records [QA level 1]. Once received, the data are processed by an
automated quality assurance program to flag data as valid or invalid
with corresponding QA codes [QA level 2]. After automatic review,
the Site Liaison reviews all data and updates automated QA program
flags [QA level 3]. Next, the site operator is requested to review data,
having final say regarding the QA flags for their data. Once changes
are made and agreed to by the Site Liaison, the data is finalized and
ready for public display [QA level 4].

RG8-P13
MARINE SNOW AS A POTENTIAL TRANSPORT VECTOR
AND SOURCE OF BIOACCUMULATION OF MERCURY IN
THE BIVALVE MYTILUS EDULIS.
1

1

1

ORTIZ, Veronica L. , MASON, Robert P. , WARD, J. Evan
(1) University of Connecticut, veronica.ortiz@uconn.edu

Bioaccumulation of mercury in the aquatic food web is a continuous
concern to public health. Extensive research has been conducted
regarding the uptake of mercury by various aquatic animals via
three main vectors: sediment, food (i.e. phytoplankton) and water,
but virtually no research exists with respect to uptake of mercury
from aggregated particulate organic matter. Marine snow (a.k.a.
flocs or aggregates), composed of transparent exopolymers (TEP),
phytoplankton cells, detritus and dissolved organic matter has been
studied as an effective vertical transporter of nutrients and metals
scavenged from the euphotic zone to the benthos. Various aquatic
species utilize this organic matter as a food source, particularly
suspension feeding bivalve molluscs. Therefore, if mercury is
incorporated into the aggregates these organisms could potentially
assimilate and accumulate the heavy metal into their tissues. For
this study, marine snow was produced from sieved seawater (210
o
μm) in 1L glass bottles at 18 C using the roller-table method.
Prior to rolling, water was spiked with inorganic mercury and
methylmercury standards. Marine snow was then fed to blue
mussels, Mytilus edulis, for a maximum of two hours. Following
the assay, feces were collected to analyze for mercury assimilation
whereas the animals were dissected for tissue analysis. Feces were
analyzed by cold vapor atomic fluorescence spectrometry (CVAFS).
Mercury accumulation in the mussel tissues was analyzed using
a Direct Mercury Analyzer (DMA-80). Tissues were analyzed in
groups: the mantle and the gill, the foot and adductor muscles, and
the visceral mass, thereby defining a total mercury body burden in
each animal. Results indicate formation of marine snow increased
incorporation of Hg into particulates compared to unrolled control
water. Tissue and feces analyses are being conducted and results will
be presented at the conference. This research will help to elucidate
another important mechanism of mercury transport into the food
chain.
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MS11-O12
ASSESSMENT OF NEUROTOXIC EFFECTS OF MERCURY
IN SELECTED ARCTIC MARINE MAMMALS
1

1

OSTERTAG, Sonja K , CHAN, Laurie HM
(1) UNBC, ostertag@unbc.ca

Environmental contaminants are a potential threat to the health
of Arctic ecosystems. However, little information is available on
the toxic effects on wildlife health. We will provide an update on
mercury (Hg) concentrations found in the brains of three marine
mammal species in the Canadian Arctic and compare these data
to threshold levels established from previous studies on mercury
neurotoxicity. The concentration and proportion of total mercury
(THg), soluble methylmercury (MeHg) and soluble inorganic
mercury (iHg) vary greatly for beluga whales (Delphinapterus
leucas), ringed seals (Phoca hispida), and polar bears (Ursus
maritimus). The THg concentration was 15.65±9.96 mg/kg dry
weight (dw) in the cerebellum of beluga whale (N=21), 0.7+/-0.47
mg/kg dw in ringed seal cerebellum (N=51) and 0.25±0.07 mg/
kg dw in polar bear cerebellum (N=36). The proportion of soluble
MeHg and iHg also varied between animal species; only 16% of
THg was soluble MeHg in beluga whale cerebellum, yet 100% of
THg was in the form of MeHg in polar bear cerebellum. The lowest
observable effect level (LOEL) of Hg neurotoxicity has not been
established for marine mammals. Subtle neurochemical changes
were reported in captive mink exposed to low doses of MeHg at
brain THg concentrations between 1.5±0.34 and 7.13±0.94 mg/
kg dw. This is lower than THg concentrations linked to clinical
effects in animal feeding trials; for example 8.15±5.73 mg/kg in
wild mink brain, 12.3 and 7.3 mg/kg in male and female rat brain
respectively and 16.3 mg/kg in cat brain, although to our knowledge,
there is no established LOEL for THg concentration in brain
tissue for neurotoxic effects. The conservative THg concentration
associated with neurochemical changes is selected for assessing
the risk associated with Hg exposure in marine mammals. The
concentration of THg in polar bear was lower than this threshold;
however, the concentration of THg in the cerebellum of beluga
whales and in some ringed seals exceeded this threshold and these
species therefore may be at risk of Hg neurotoxic effects such
as subtle neurochemical changes. There are many uncertainties
regarding the implications of Hg exposure to the health of marine
mammals. We will address several data gaps concerning neurotoxic
effects of mercury in both laboratory and wildlife animals and
suggest directions for future research.

MS11-O14
ASSESSING POTENTIAL NEUROTOXICITY ASSOCIATED
WITH MERCURY EXPOSURE IN BELUGA WHALES
(DELPHINAPTERUS LEUCAS) FROM THE WESTERN
CANADIAN ARCTIC
1

1

1

OSTERTAG, Sonja K , CHAN, Laurie H.M. , SHAW, Alyssa C.
(1) University of Northern British Columbia, Ostertag@unbc.ca

Elevated levels of mercury (Hg) have been detected in the brains
of cetaceans. Hg levels in the brains of beluga whales in the
western Canadian Arctic may exceed the lowest observable effect
levels based on neurotoxicity observed in animal feeding trials
involving cats, mink and rats. To elucidate the potential effects
of Hg on the nervous system of belugas, brains were sampled
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from hunter-harvested whales in 2008 and 2010 on Hendrickson
Island in the Beaufort Sea (N=35). A series of neurochemical and
genetic biomarkers were selected to assess potential neurochemical
disruption in the cerebellum. Six genes that encode N-methyl
d-aspartate subunits 2b and 2c, gamma-aminobutyric acid (GABA)
receptors 2 and 4, monoamineoxidase-A and the muscarinic
acetylcholine receptor subunit 1, were sequenced and primers were
designed within conserved nucleotide regions of the genes. Levels
of cDNA for six target genes were measured by reverse transcription
quantitative polymerase chain reaction in samples collected in 2008
and 2010 (N=33). Total monoamineoxidase activity was quantified
by fluorescence assays in samples collected in 2008. In addition,
hunters were asked to respond to specific questions regarding whale
behaviour in 2010 (N=11) to assess whether belugas with elevated
mercury were harpooned more quickly than animals with low
exposure. Mean (± se) mercury concentration in cerebellar tissue
was 17.6 ± 4.0 mg/kg dw (1.5 – 84.5 mg/kg dw, N=20) in 2008 and
9.1 ± 2.0 (1.7 – 29.6 mg/kg dw, N=15) in 2010. These concentrations
exceeded the concentrations associated with neurochemical
disruption in mink (between 1.5 ± 0.34 and 7.13 ± 0.94 mg/kg dw).
GABA-2 expression decreased with increasing Hg exposure (χ2
value of 10.325 and p = 0.01600). MAO activity did not vary with
Hg exposure (F1,18= 0.05, p= 0.8213).There was no relationship
between the ease of hunting success observed by the hunters and the
brain Hg concentrations of the beluga. The results from this study
suggest that gene expression for the GABA-2 receptor may vary
with Hg exposure in harvested whales. Although THg reached 84.4
mg/kg in the cerebellum of belugas sampled in 2008 and 2010, this
study did not reveal systematic effects of Hg on neurochemistry or
behaviour.

RS9-P3
CONTROLS ON THE SPATIAL DISTRIBUTION OF
AMBIENT MERCURY AND APPLIED MERCURY ISOTOPE
IN A BOREAL SHIELD SOIL LANDSCAPE
1

2

3

OSWALD, Claire J , BRANFIREUN, Brian A , HEYES, Andrew
(1) University of Toronto, claire.oswald@utoronto.ca; (2) University
of Western Ontario; (3) Chesapeake Biological Lab - University of
Maryland.
Upland soil landscapes are a significant reservoir of atmosphericallyderived mercury (Hg) and an important indirect source of Hg to
aquatic ecosystems via runoff in many watersheds. Understanding
the spatial controls on Hg storage in upland soil landscapes is
essential for accurate predictions of the timing and magnitude of Hg
fluxes and how they are related to hydrological and biogeochemical
processes. The potential controls on Hg spatial distribution fall into
three categories: controls related to deposition; controls related to
the accumulation of soil organic carbon (SOC); and controls related
to the movement of dissolved organic carbon (DOC) in runoff. In
this study, we examined the spatial distributions of historicallydeposited ambient Hg and an experimentally-applied Hg isotope
(spike Hg), and the stoichiometry of the Hg-SOC relationship in
different soil layers across the METAALICUS (Mercury Experiment
to Assess Atmospheric Loading in Canada and the U.S.) catchment
in northwestern Ontario. Specifically, we tested the hypotheses that
canopy density and species type affect the mass of Hg in the soil
profile and that there is a downslope increase in SOC and Hg in the
soil landscape related to drainage conditions.
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Our results showed significantly higher amounts of both ambient
and spike Hg under old growth coniferous canopy than under
deciduous canopy; however, correlations between the areal mass
of ambient and spike Hg and leaf area index, an index of canopy
density, were weak and not significant. The spatial distribution of
spike Hg in all soil layers was best explained by the spatial patterns
of cumulative spike Hg aerial loading. We found weak positive
correlations between ambient and spike Hg mass in the wellhumified organic soil layer and the topographic wetness index,
which is higher in poorly-drained areas than well-drained areas.
However, despite strong positive correlations between both ambient
and spike Hg and SOC, we found no evidence of a downslope
accumulation of SOC, ambient Hg, or spike Hg. Our results
suggest that the dominant spatial controls on the Hg distribution
in the soil landscape are deposition-related, and more specifically,
related to tree species type and the ability of species to accumulate
Hg from atmospheric deposition. Our results also suggest that
in a topographically complex landscape where soil cover is
discontinuous and hydrologic connectivity is limited, vertical fluxes
of mercury into the soil profile dominate over horizontal fluxes that
translocate mercury downslope.

RS9-O12
HYDROLOGICAL CONTROLS ON MERCURY
CONCENTRATION-DISCHARGE DYNAMICS IN A BOREAL
SHIELD CATCHMENT
1

2

OSWALD, Claire J , BRANFIREUN, Brian A
(1) University of Toronto, claire.oswald@utoronto.ca; (2) University of
Western Ontario.
Mercury (Hg) emitted from industrial sources has resulted in Hgcontamination of remote aquatic ecosystems. Although there is
strong movement to regulate these sources, uncertainty surrounding
the release of historically-deposited Hg that has accumulated in
upland soils presents a regulatory challenge. Both biogeochemical
and hydrological processes are expected to exert a major control on
the timing and magnitude of the boreal upland response to changes
in Hg loading. In this paper, we assessed the relative importance of
hydrological and soil biogeochemical controls on event-scale upland
mercury export in the METAALICUS (Mercury Experiment to
Assess Atmospheric Loading in Canada and the U.S.) experimental
catchment in northwestern Ontario. In this catchment, antecedent
water storage deficits in large, soil-filled bedrock depressions exert a
primary and predictable control on runoff generation by regulating
subwatershed hydrologic connectivity. Surface organic soil horizons
dominate the soil Hg pool, and are dynamic in terms of Hg release
into soil water. Thus, the boreal shield landscape topography
enhances the flushing of DOC and associated Hg from this nearsurface zone. To assess the relative importance of hydrological and
soil biogeochemical controls on Hg fluxes in runoff, we compared
total Hg (THg) and DOC fluxes for two storm events with different
antecedent moisture conditions (AMCs). We observed a distinct
shift in the concentration-discharge relationship for THg and
DOC with varying AMCs. The event with relatively wet AMCs
exhibited nearly constant THg and DOC concentrations, whereas
concentrations of THg and DOC increased with discharge for the
event with dry AMCs. This difference suggests that biogeochemical
processes, such as the decomposition of soil organic matter,
dominate over hydrological processes in the release of Hg from soils
after dry periods and may play an important role in regenerating the
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pool of mobile Hg in the catchment. A common assumption is that
as catchments become drier in a warmer climate there will be less
runoff, and hence less DOC and Hg will reach the lake. However,
our results suggest that the pool of potentially mobile DOC and
Hg grows as catchments become drier and that re-wetting events
after warm and dry periods enhance the flushing of these pools.
Therefore, correct predictions of the effects of climate warming on
lake chemistry must consider the balance between runoff generation
and the development of the potential DOC and Hg pools on longer
time scales.

MS20-P7

significantly reduced fish Hg bioaccessibility by 50- 60%, whereas,
corn starch did not. This study suggests that fish consumers may
reduce Hg exposure by favoring cooked fish over raw fish and by
consuming tea or coffee during their meal. Consideration must
be given to the dietary habits such as cooking type and food
components in mercury exposure and risk assessment.

TG3-O1
MERCURY EMISSIONS ON A GLOBAL SCALE AND THEIR
CONTROL OPTIONS
1

MERCURY CONTAMINATION IN AFRICAN SUB-SAHARAN
FRESHWATER RESERVOIRS (BURKINA FASO)
1

1

OUEDRAOGO, Ousséni , AMYOT, Marc
(1) Université de Montréal, ousseno@yahoo.fr
Artisanal gold mining with metallic mercury (Hg) amalgamation
is a common practice in Africa, and is on the rise in Burkina Faso
since 1990. However, there are no data on the potential impact
of these activities on Hg contamination of aquatic systems in
Burkina Faso. Total mercury (THg) and methylmercury (MeHg)
concentrations were determined in water and 350 muscle tissues of
fish samples from 13 reservoirs in Burkina Faso in order to provide
a first assessment of environmental mercury contamination. Hg
−1
concentration ranged from 0.45 to 17.04 ng l and 0.02 to 0.071
−1
ng l for THg and MeHg in water, respectively. Hg was mostly
associated with particulate matter due to rainfall runoff. Fish THg
−1
levels ranged from 0.002 to 0.607 μg g (wet weight). Most of fish
mercury concentrations were below the Health Canada guideline
−1
limit of 0.2 μg g (wet weight) to protect people at risk. Only one
fish species (Bagrus bajad) had Hg level above the World Health
Organization (WHO) international trade guideline limit of 0.5
−1
μg g (wet weight). These results suggest that, in general, most
fish species are not significantly contaminated by Hg, with the
exception of Bagrus bajad. In order to assess risk and develop policy
recommendations, future studies should also consider consumption
patterns of different subpopulations.

MG14-P7
EFFECT OF DIETARY HABITS ON BIOACCESSIBILITY OF
MERCURY FROM FISH
1

1

OUEDRAOGO, Ousséni , AMYOT, Marc
(1)Université de Montréal, ousseno@yahoo.fr
Fish consumption is the main source of human exposure to
mercury. Studies from specific human populations have reported
Hg levels lower than those modeled from consumption data. These
discrepancies between expected and measured Hg levels may be
explained by differences in dietary habits such as cooking methods
and food components on fish Hg bioavailability. We assessed the
effects of three cooking methods (no cooking, frying and boiling)
and of the co-ingestion of selected food items (tea, coffee and corn
starch) on Hg bioaccessibility in three fish species (tuna, shark
and mackerel). Bioaccessibility of Hg and methylmercury (MeHg)
was determined by simulated human digestion. Boiling and frying
reduced Hg bioaccessibility by 40 % and 60% respectively, compared
to raw fish Hg bioaccessibility. Black coffee, green and black tea
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1

1

PACYNA, Jozef M. , SUNDSETH, Kyrre , PACYNA, Elisabeth G. ,
2
2
3
MUNTHE, John , KINDBOM, Karin , WILSON, Simon
(1) NILU-Norwegian Institute for Air Research, jp@nilu.no; (2)
IVL Swedish Environmental Research Institute; (3) AMAP, Arctic
Monitoring and Assessment Programme.
Global atmospheric emissions of mercury from human activities
in 2005 were estimated to be approximately 1920 tonnes. Burning
of fossil fuels (primarily coal) is the largest single source of
emissions from human sources, accounting for about 45% of the
total anthropogenic emissions. Artisanal/small-scale gold mining
was responsible for about 18%, with industrial gold production
accounting for an additional 5–6% of global emissions from
human activities. Other mining and metal production activities
are responsible for about 10% of global anthropogenic releases to
the atmosphere. Cement production releases a similar amount.
Emissions from waste incineration and product-use sources are
more difficult to estimate. These emissions could be considerably
higher than the generally conservative estimates of 150 tonnes
included in the 1920 tonnes global estimate. Power plants are the
largest single source in most countries with high mercury emissions,
although in Brazil, Indonesia, Columbia, and some other countries
(in South America, Asia and Africa in particular) artisanal/smallscale gold mining is the largest single source. Geographically, about
two-thirds of global anthropogenic releases of mercury to the
atmosphere appear to come from Asian sources, with China as the
largest contributor worldwide. The United States of America and
India are the second and third largest emitters, but their combined
total emissions are only about one third of China’s.
Several measures are available for reducing mercury emissions;
however, these measures differ with regard to emission control
efficiency, cost, and environmental benefits obtained through
their implementation. Measures that include the application of
technology, such as technology to remove mercury from flue
gases in electric power plants, waste incinerators, and smelters, are
rather expensive compared with non-technological measures. In
general, dedicated mercury removal is considerably more expensive
than a co-benefit strategy, using air pollution control equipment
originally designed to limit emissions of criterion pollutants, such as
particulate matter, sulfur dioxide, or oxides of nitrogen. Substantial
benefits can be achieved globally by introducing mercury emission
reduction measures because they reduce human and wildlife
exposure to methyl mercury. Although the reduction potential
is greatest with the technological measures, technological and
non-technological solutions for mercury emissions and exposure
reductions can be carried out in parallel.
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TS16-O16
INFLUENCE OF HYDRO-GEOLOGICAL CONDITIONS ON
MERCURY TRANSPORT WITH UNDERGROUND WATERS:
APPLICATION OF MATHEMATICAL MODELING FOR RISK
ASSESSMENT IN CONTAMINATED SITES AND OPTION
OF REMEDIATION TECHNOLOGY
1

2

PANICHKIN, Vladimir Yu. 1, RANDALL, Paul. M ,
1
3
MIROSHNICHENKO, Oxana L. , ILYUSHCHENKO, Mikhail A. ,
3
YAKOVLEVA, Lyudmila V.
(1) Institute of Hydrogeology and Geoecology, v_panichkin@mail.kz;
(2) US Environmental Protection Agency; (3) Almaty University of
Power Engineering and Telecommunications.
Research experience of cases of groundwater mercury
contamination in Northern industrial area in Pavlodar City,
Kazakhstan, within the territory of Kiev City, Ukraine and in
Northern industrial zone of the town of Usolie-Sibirskoe, Russia
(in all three cases mercury cell chlor-alkali production was a
source of mercury contamination) allows coming to a conclusion
that character of contamination depends substantially on hydrogeological conditions and technogenic factors influencing it.
In Pavlodar region water-bearing rocks involve sands interlaid
with uneven layers of clay. In Kiev relatively uniform thick waterbearing stratum prevails which involves sands predominantly. In
Usolie-Sibirskoe groundwater are enclosed within sands with clay
interlayers which are underlain with karstic rocks.
Methods of mathematical modeling which enable to assess
risks and predict application of different technological solutions
for remediation were used in the research along with field and
laboratory methods. In case of Pavlodar the prognosis was managed
to compare with results of post-demercurization monitoring.
Hydro-geological conditions determine configuration of
contamination aureole as well as direction and rate of its spread.
Alteration of these conditions as a result of reconstruction of
sewerage and water supply systems, construction of extensive
underground engineering structures including protective ones can
result in quite quick change of direction of the contamination spread
as well as in substantial decrease in both concentration of dissolved
mercury there and the contamination aureole itself.

TS6-O7
ASSESSING THE EFFECT OF ENVIRONMENTAL
VARIABLES ON MERCURY VOLATILIZATION FROM
NATURAL SOILS UNDER CONTROLLED CONDITIONS
1

2

1

PANNU, Ravinder , O’DRISCOLL, Nelson , SICILIANO , Steve ,
3
RENCZ, Andy
(1) University of Saskatchewan, r.pannu@usask.ca; (2) Acadia
University; (3) Natural Resources Canada.
Elemental mercury is a volatile metal at standard temperatures
which can be transformed into several species in ecosystems some
of which are persistent, bio-accumulative and highly toxic. Natural
emissions and re-emissions of mercury from soils have been
identified as a major contributor to the global mercury budget and
conservative estimates of global mercury fluxes suggest a total of 700
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to 1000 tonnes anumm-1 volatilized from soils (Lindqvist, 1991).
The growth of research in soil Hg emissions has made us recognize
a large number of uncertainties associated with our estimation of
the contribution of soil Hg emissions to the atmospheric Hg pool
and the effects on global Hg cycling. Quantification of mercury flux
from natural soils as influenced by environmental variables presents
a large gap in current predictive models for a better understanding
the role of natural surfaces in the mercury biogeochemical cycling
and developing emission budget.
This research quantifies the effect of soil moisture (measured as
percent water filled pore space (WFPS) - 15, 30, 45 and 60%) on
the kinetics of elemental mercury Hg(0) released from 14 soils
collected from Kejimkujik National Park and Antigonish County,
NS, Canada. The samples represent a wide range of texture, pH,
organic matter and total mercury contents to cover different types
of soils present in the region. Quartz beaker chamber was used to
measure mercury flux by manipulating variables of interests under
controlled conditions Mercury flux increased from 15% to 30%
to 45% WFPS and decreases at 60%. The soils maintained at 45%
WFPS were found to facilitate greatest release of elemental mercury
and negligible mercury was emitted as the soils tend to attain
near saturation levels. First-order exponential reaction for values
(the reaction rates constant) depicting mercury release kinetics
from soils derived by fitting the first order exponential curve to
cumulative Hg released over 24 hour period were found to decreases
as the WFPS increases from 15% to 45% indicating limited amount
of water addition tend to liberate more elemental mercury but over
a longer period of time. We will also present the preliminary data on
the effect of soil surface temperature manipulations (5, 10, 20 and 30
o
C) on mercury fluxes from the same soil samples.

TS2-O5
MODELLING HG LEVELS IN NORTHERN PIKE
AND WALLEYE USING LAKES AND WATERSHED
MORPHOMETRIC CHARACTERISTICS AND LAND USE IN
QUEBEC (CANADA).
1

1

PAQUET, Serge , LUCOTTE, Marc-Michel , BAULNE, Jean1
1
1
Sébastien , ROZON, Christine , MOINGT, Matthieu
(1) GEOTOP, paquet.serge@uqam.ca
Most studies aiming at predicting mercury (Hg) levels in fishes
of boreal lakes require extensive, time consuming and expensive
sampling campaigns of key biogeochemical variables. In a first step
of our study within Environment Canada’s Clean Air Regulatory
Agenda (CARA) program, we managed to model Hg levels in
predatory fish frequently consumed by Québec fishers of the
Abitibi-Temiscamingue administrative region simply using readily
available GIS data for 38 lakes. To build our models, we namely used
watershed morphometrics (lake order, drainage density, weak slopes
in the drainage basin, drainage area on lake area ratio and mining
activities) and land cover characteristics (fraction of watershed
comprised of forested, unforested and wetland areas). Our northern
pike (Esox lucius) model explained 71% of Hg level variations with
three variables, the fraction of weak slope in the watershed being
the strongest predictor followed by the percentage of catchment as
forest and the lake order (32.1%, 22,6% and 16,3% of total value
predicted respectively). Our northern pike model failed to explain
Hg levels in walleye (Sander vitreus), a more pelagic fish species.
To model Hg levels in walleye, we had to split lakes into three
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categories to obtain significant results. The number of mining sites
in the watershed explained 77% of walleye Hg level variations. In
the absence of mining sites, the geographic positioning of the lakes
over the Ojibway-Barlow clay plain or not gave different responses
both regulated by the fraction of the catchment as wetlands (86% of
the variability explained for lakes located over the clay plain, 57%
outside the clay plane). As our first walleye model was not of general
use, we upgraded it by adding 30 new lakes in the Northern Québec
administrative region and by including fish growth rates as a key
variable that by itself explained 74% of Hg variability in walleye
flesh. After having validated our northern pike and walleye models
with new data collected in lakes not sampled so far, we tested the
long-term influence of intensive logging in watersheds on fish Hg
levels. To do so, we also validated our models with fish Hg data
gathered over the past three decades in a series of 10 lakes sampled
twice or three times since the 1980’s, and with watershed that have
been altered by intensive logging during that period.

TG3-P7
EMISSION CHARACTERISTICS OF MERCURY FROM
COAL-FIRED POWER PLANTS IN KOREA
1

1

1

PARK, Jung-Min , LEE, Sang-Bo , KIM, Hyung-Chun , SONG,
1
1
1
1
Duk-Jong , KANG, Kyoung-Hee , LEE, Dae-Gyun , YOO, Chul ,
1
1
1
KIM, Min-Jung , HONG, Ji-Hyung , LEE, Suk-Jo
(1) National Institute of Environmental Research, ilikepaul@korea.kr
In this study, mercury emissions from coal-fired power plants in
Korea, were measured. Coal-fired power covers about 30% (1.5GW)
of total electricity generation capacity in Korea and most of the
coal-fired power plants (about 1.2GW) are equipped with both
electrostatic precipitator (ESP) and wet flue gas desulfurization
(FGD) that are used for particulate and SOx removal, respectively.
The US EPA 101A and the Ontario Hydro method were used to
sample the mercury containing combustion flue gases, at the inlet
of the APCDs and at the stack, in order to understand the change
in forms of mercury in such processes. The fates of Hg in a coalfired power plant and a municipal waste incinerator, including its
removal by APCDs were quantified by collecting and analyzing
gaseous samples as well as solid and liquid samples such as fuel (coal
or wastes), fly ash from hopper, bottom ash, gypsum (by-product
from FGD), lime or limestone, and effluents. The assessment of
mercury emission and total mercury mass balance from a coal-fired
power plant and a municipal waste incinerator were estimated by
gathered sample data. Mercury concentration in the flue gas were
-3
1.63~3.03μg/m in CPP#1~2 using Anthracite as a fuel, 1.95~3.33
-3
μg/m in CPP#3~4 using Bituminous. When comparing two
methods of error was 10~20%. Distribution of mercury speciation
in flue gas were oxidized, elemental, particulate mercury order was
emission. Emission factor were estimated as 19.83~32.45 mg/ton
in CPP using anthracite as a fuel, 7.43~20.63 mg/ton in CPP using
bituminous. Approximately 86% of in/out Hg balance was obtained
with this study and major Hg outgoing was fly ash in hopper. Large
amount of Hgp, above 50% of Hg could be removed by ESP and Hg
compounds seemed to be oxidized to Hg2+ through ESP, which
resulted in increase of Hg2+. Then wet FGD unit could remove
Hg2+ with lime-slurry scrubber solution, which covers less than
10% of Hg, and about a quarter of mercury emits to the atmosphere
through stack. Hg speciation changes with increasing oxidized
portion through ESP and reduction of absorbed Hg to Hg0 in the
wet FGD scrubber solution are reported from other investigations,
however, need more comprehensive study with field experiments.
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TG3-P17
IMPACT OF ENVIRONMENTAL FACTORS ON HG
EMISSION FLUX FROM SOIL SURFACES
1

1

PARK, Sang-Young , HAN, Young-Ji
(1)Kangwon National University, beleth302@Gmail.com
Atmospheric mercury (Hg) plays an important role for
approximately 50-70% of total Hg emissions (Nriagu, 1990; Mason
et al., 1994). However since natural sources are widely distributed
and difficult to pinpoint (Kim and Lindberg, 1995; Cobos et al.,
2002) the uncertainty of natural Hg emission rate is rather large.
Among natural sources , soil becomes the largest source, as well
as the ocean. Like water surfaces soil has the potential to act as
a source and a sink in global mercury cycle, depending on the
Hg concentration gradient and/or both meteorological and soil
conditions.
In this study we measured Hg emission flux from soil surfaces
using dynamic flux chamber (DFC) in both field and laboratory
conditions. Inlet and outlet lines of DFC were connected to the
Tekran 2537B instrument through the Tekran 1110 synchronized
0
two-port sampling unit in order to continuously measure Hg
concentration. In field study Hg emission flux was measured at
two different sites including lawn and forest soil floors in campus
of Kangwon National University in Korea. Between October 2010
and November 2010 the average of Hg emission flux was 0.05
-2
-1
-2
-1
± 1.96 ng m hr and 0.15 ± 1.14 ng m hr at lawn and forest
sites, respectively. In previous research, the Hg emission flux was
positively correlated with ambient air temperature, soil surface
temperature, and solar radiation, and negatively correlated with
relative humidity and soil wetness (Gabriel et al., 2006; Wallschlager
et al., 2000; Wang et al., 2005). However the variation of Hg
emission flux was tended to be opposite to the results of previous
investigations, showing that Hg emission flux was negatively
correlated with soil surface temperature, ambient air temperature,
and solar radiation in this study. Laboratory experiments measuring
variation of Hg emission flux from soil surfaces by changing
influence factors will also produce the interesting results in this
presentation.

MG6-O4
ENVIRONMENTAL IMPACTS OF HISTORICAL MERCURY
AMALGAMATION AT GOLD MINES IN NOVA SCOTIA,
CANADA
1

2

3

PARSONS, Michael B. , HALL, Gwendy E.M. , DALZIEL, John ,
3
4
5
3
TORDON, Rob , WINCH, Susan , DOE, Ken G. , MROZ, Rita ,
6
PALACE, Vince P.
(1) Geological Survey of Canada (Atlantic), Dartmouth, Nova Scotia,
Michael.Parsons@NRCan.gc.ca; (2) Geological Survey of Canada,
Ottawa, Ontario; (3) Environment Canada, Dartmouth, Nova Scotia;
(4) Dept. of Earth Science, University of Ottawa, Ottawa, Ontario; (5)
Environment Canada, Moncton, New Brunswick; (6) Fisheries and
Oceans Canada, Winnipeg, Manitoba.
Historical stamp milling and Hg amalgamation activities at
lode gold mines in Nova Scotia have generated tailings deposits
containing Hg, As, and other potentially toxic elements. From 1861
to the mid-1940s, gold was produced from 64 mining districts in
the southern part of the province, resulting in approximately 3
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million tonnes of tailings. Most of the gold was recovered using
Hg amalgamation, and an estimated 9000 kg of Hg were lost to
the tailings and to the atmosphere. Tailings from these operations
were generally slurried into local rivers, swamps, lakes, and the
ocean. This presentation will summarize results from recent multidisciplinary studies of the distribution, mobility, and fate of Hg in
terrestrial and marine environments surrounding abandoned gold
mines throughout Nova Scotia. Between 2003 and 2007, samples of
tailings, soil, till, rock, sediment, and surface water were collected
at 15 past-producing mines. Chemical analyses of 77 near-surface
soils overlying mineralized bedrock in these gold districts show
that baseline Hg concentrations range from approximately 0.060.49 mg/kg (median 0.14 mg/kg). In contrast, analyses of total Hg
concentrations in more than 400 samples of tailings range from
0.01-350 mg/kg (median 2.0 mg/kg), with Hg concentrations
<1.0 mg/kg restricted to sites where cyanidation was used as the
primary method of gold extraction. Sequential extraction analyses
show that Hg in tailings and contaminated stream sediments is
0
present in elemental form (Hg ), amalgam (AuxHgx), secondary
phases (e.g. HgS), and is sorbed to Fe-oxides and organic matter.
Measurements of gaseous Hg in ambient air over two tailings sites
showed continuous diurnal Hg evasion at the soil surface. Surface
waters in these mine districts are generally circumneutral, and
dissolved Hg concentrations are relatively low (1.2-61 ng/L; median
10 ng/L; n=181) at all sites. Concentrations of methylmercury are
high in tailings and pore waters, but low in overlying surface waters.
Methylmercury concentrations are highly variable, and influenced
by a complex set of in situ factors including total Hg concentrations
in the tailings and pore waters, organic content, hydrological
conditions, abundance and activity of sulfate-reducing bacteria, and
demethylation processes. Biological sampling has demonstrated that
Hg has bioaccumulated to various degrees in freshwater and marine
biota, including perch, eels, clams, and mussels. Results from these
studies have been used by the Nova Scotia Historic Gold Mines
Advisory Committee to assess the human and ecological health
risks associated with these sites, and to help guide risk-management
decisions.

FS22-O2
SORBENT-BASED MERCURY CONTROL STRATEGIES AT A
PLANT COMBUSTING SUBBITUMINOUS COAL
1

1

1

PAVLISH, John H. , LENTZ, Nicholas B. , KAY, John P. , HAMRE,
1
Lucinda L.
(1) University of North Dakota Energy & Environmental Research
Center, jpavlish@undeerc.org
The Energy & Environmental Research Center (EERC) has been
evaluating and developing sorbent-based strategies for mercury
control that are both effective and cost-efficient for well over a
decade. Mercury control strategies that can concurrently capture
other trace metals are very valuable. The EERC conducted such
an evaluation of two sorbent-based strategies at a 400-MW
subbituminous power plant that included baseline, parametric, and
long-term measurements. Testing included commercial sorbentbased strategies—commercial carbons and a suite of proprietary
sorbent enhancement additives and sorbents (carbon and
noncarbon based)—with special emphasis on evaluating balanceof-plant impacts. Trace metal measurements were obtained by coal
analysis, continuous mercury monitors, and sorbent traps. Fly ash
was analyzed for halogens, mercury, and loss-on-ignition changes as
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a result of using the technologies. This project showed the benefit of
coupling proprietary sorbent enhancement additives with sorbents
to achieve high levels of mercury removal with concurrent removal
of other trace metals.

WS10-O5
STUDY OF THE TRANSFORMATION RATES AND
LOCALIZATION OF HG SPECIES AT SUB-CELLULAR
LEVEL IN ANAEROBIC BACTERIA
1

2

1

PEDRERO ZAYAS, Zoyne , BRIDOU, Romain , PERROT, Vincent ,
1
2
MOUNICOU, Sandra , GUYONEAUD, Remy , MONPERRUS,
1
1
Mathilde , AMOUROUX, David
(1) LCABIE CNRS Pau, zoyne.pedrerozayas@univ-pau.fr; (2)
Equipe Environnement et Microbiologie, CNRS UMR 5254 IPREM,
Université de Pau et des Pays de l’Adour, Pau, France.
Bacterial methylation is one of the major processes which
transform inorganic mercury into toxic monomethylmercury.
The methylation potential of some bacteria, as well as their MeHg
assimilation potential could be directive to evaluate their impact
on the ecosystem. Despite the understanding of the microbial of
Hg methylation in aquatic ecosystems and the characterization of
the involved bacteria, its mechanism at cellular scale is still poorly
understood. The advantages of the use of stable isotopically labeled
Hg species are exploited in this work to evaluate the extent and the
localization of such processes.
Two pure bacteria strains, Desulfovibrio desulfuricans (G200) and
Desulfovibrio sp. BerOc1 (EU137840), were incubated in presence
199
201
of isotopically labelled mercury species ( IHg and MeHg)
under controlled anoxic conditions. The first one is used as a non
methylating biotic control, while BerOc1 is well recognised for its
methylating potential. A kinetic experiment was also carried out to
follow the distribution of added and formed species during 24h of
incubation.
Hg speciation analyses in each sub-cellular fraction (extracellular,
membranes, cytoplasm) were carried out by GC-ICP-MS, and
quantification was performed by reverse species-specific isotope
dilution analysis. The use of isotopically enriched Hg species not
only allows the determination of methylation and demethylation
rates simultaneously, but also the comparison of the localization
of the originally added and resulting species of such metabolic
processes. A dissimilar Hg species distribution is observed. In
general terms, MeHg added and formed show a similar pattern,
being mainly present in the extracellular fraction. In contrast, IHg
added to the culture is associated to the cells but when resulting
from demethylation processes it is found in the extracellular
fraction. The analysis of the cytosol and the extracellular fraction
by size exclusion chromatography-ICP-MS revealed divergences on
the profile of biomolecules binding mercury corresponding to the
control and the methylating strain. The results confirm the use of
isotopic tracers as a unique tool to investigate the relative rate of the
cell uptake and further metabolic transformation, contributing to
the elucidation of such metabolic mechanisms.
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RG1-P29
MERCURY SPECIATION IN DOLPHIN LIVER SAMPLES
BY GC-ICP-MS AND HPLC-ICP-MS COMBINED WITH THE
USE OF ISOTOPIC TRACERS
1

1

PEDRERO ZAYAS, Zoyne , MOUNICOU, Sandra , MONPERRUS,
1
1
Mathilde , AMOUROUX, David
(1) LCABIE CNRS Pau
In this work Hg stable isotopically labeled species were used to
assist the investigation of Hg species (i.e. IHg and MeHg) binding
biomolecules in the aqueous soluble fraction of white-sided dolphin
(Lagenorhynchus acutus) liver homogenate (QC04LH4). Little is
known about the bioaccumulation and metabolism of mercury
in marine mammals. It has been suggested that Hg can bind thiol
containing proteins/biomolecules. However most of the speciation
studies are restricted to the discrimination between IHg and MeHg
and carried out in the fish muscle due to its human consumption.
The aim of this study was to develop an analytical method to
determine Hg species (i.e. IHg and MeHg) binding biomolecules
in the liver sample. The partition of mercury species into the
different tissue fractions revealed that MeHg is mainly found in the
cytoplasm, and 80% of IHg is present in the solid residue.
The screening by size exclusion chromatography-ICP-MS analysis
of the water-soluble fraction revealed the association of Hg with
biomolecules in a wide molecular weight range. The analysis by GCICP-MS of the different size exclusion chromatography fractions has
shown different ratios of IHg and MeHg. The cytosol was incubated
with Hg isotopically labelled species isotopes, demonstrating an
unambiguous specific affinity of the different biomolecules by IHg
and MeHg.

RG1-P3
MERCURY MOBILITY AND AVAILABILITY IN SOIL
SAMPLES NEARBY ABANDONED CHLOR ALKALI PLANT
NEXT TO LAKE XOLOTLÁN IN MANAGUA, NICARAGUA
1

2

PENA, Emilio J.1 , FERNÁNDEZ-MARTÍNEZ, Rodolfo , GALÁN,
Pilar, GÓMEZ-MANCEBO, Belén, MATSUYAMA, Akito3,
RUCANDIO, Isabel
(1) Nicaraguan Research Center for Aquatic Resources of the National
Automous University of Nicaragua, emilio.pena@cira-unan.edu.
ni; (2) Unidad Espectroscopía, División Quimica / Dpto. Tecnología
/ CIEMAT, Madrid, Spain; (3) National Institute for Minamata
Disease, Minamata, Japón,
During the period of 1967-1992, there existed a Mercury-cell chlor
alkali plant that produced chlorine and caustic soda, close to the
shore of Lake Xolotlan, Managua City. During a period of 13 years
(until 1982), the factory is estimated to have dumped about 40 tons
of inorganic mercury into the Lake Xolotlan. Despite contamination
of the Lake Xolotlan and the associated health risks, local
communities and the population living on the coast of the lake are
dependent on the lake resources for their livelihood and economic
well-being.
Chlor alkali plants around the world still account for roughly
15% of global mercury demand, and are a significant source of
local and global mercury pollution. In this work Hg mobility
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and availability were studied in soil samples collected nearby this
lake. For this purpose a novel and specific five-step sequential
extraction scheme was used. Mercury was then separated into
the following operationally defined fractions: Labile Hg Species
(0.5 M nitric acid extractable), humic and fulvic complexes (0.1
M sodium pyrophosphate extractable), mercury sorbed into
amorphous Fe and Mn oxihydroxides (0.25 M hydroxilamine
hydrochloride extractable), elemental mercury (50% v/v nitric acid
extractable) and bound to sulphide mercury (0.03 M potassium
iodide extractable). The total mercury concentrations varied
-1
between 1.0 and 7.1 mg.Kg . Fractionation measurements indicated
elemental as the predominant mercury fraction followed by a humic
and fulvic bound mercury fraction. Moreover, accumulation of
elemental Hg in soils decreased with the increasing distance from
the mercury emission source. The presence of elemental mercury in
soils is important because it could be reemitted to the atmosphere
by volatilization and even it has been established that bacteria
transform this species into the more toxic methylated mercury
2
compounds. Similarly, the strong positive correlation (R = 0.90)
found between elemental and humic and fulvic complexes fractions
suggests that a significant part of deposited mercury is complexed
by soil organic matter. In conclusion, surrounding soils appear to be
affected by mercury emissions from the plant.

MS20-P9
ASSESSMENT OF ATMOSPHERIC HG INPUTS IN THE
LAST 700 YEARS IN LAKE MORENO WEST, PATAGONIA
ARGENTINA
1

2

1

PEREZ CATÁN, Soledad , DAGA, Romina , ARCAGNI, Marina ,
1
ARRIBERE, María A.
(1) Laboratorio de Análisis por Activación Neutrónica, Centro
Atómico Bariloche, spcatan@cab.cnea.gov.ar; (2) 1Laboratorio de
Análisis por Activación Neutrónica, Centro Atómico Bariloche
Mercury is a global contaminant from natural and anthropogenic
0
sources, present in the atmosphere as Hg , Hg (II) or adsorbed to
suspended particulate. Hg can impact on ecosystems located at
great distance from the sources, through dry and wet deposition,
because the atmospheric residence time is approximately of two
years. Previous studies in northern Patagonian lakes have reported
high Hg levels in different compartments of lacustrine ecosystems.
The aim of this work is to assess the atmospheric contribution of Hg
from a sedimentary sequence extracted from Lake Moreno West.
The lake is situated in the center of the Nahuel Huapi National
Park, Patagonia Argentina, which is considered a pristine area
without industrial development, but high levels of total Hg had been
reported in this lake. The atmospheric Hg fraction as inorganic
0
mercury (Hg (II)) plus dissolved gaseous mercury (Hg ) and also
those that is weakly bound to inorganic and organic dissolved
complexes was determined following acid digestion procedure
and Hg concentrations were analyzed by cold vapor atomic
fluorescence spectrometry (CV-AFS). The accuracy and precision
of the method were evaluated using estuarine-certified reference
materials (IAEA-405). On the other hand, eight tephra layers were
identified and geochemically characterized, allowing the correlation
with other lacustrine sequences in the area. The stratigraphy of the
sequence and tephrochronological framework allowed the dating
of the sedimentary record, indicating that the sequence recovered
from Lake Moreno West spans approximately 600-700 years. The
fraction of Hg measured showed background levels lower than
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-1

0.018 μg.g dry wt. with three peaks reaching concentrations of
-1
0.508 μg.g dry wt. The oldest peak corresponds to the XIV-XV
century, the intermediate to middle of the XVI century and the
most recent peak, to the last 50-60.. From another point of view, Hg
results pointed out that in the last hundred years the atmospheric
contribution of Hg exceeded 60% of the total Hg present in the
sediments. Even thought we can not discriminate inputs from local
natural sources, these results reaffirm the contribution of the global
impact of Hg.

TS12-P2
EFFECT OF EXPERIMENTAL DEEPENING OF THE
THERMOCLINE ON MERCURY BIOACCUMULATION IN A
CANADIAN SHIELD LAKE
1

1

2

PERRON, Tania , AMYOT, Marc , CHÉTELAT, John , GUNN,
3
John
(1) GRIL, Université de Montréal, tania.perron@umontreal.ca; (2)
National Wildlife Research Centre; (3) Canada Research Chair in
Stressed Aquatic Systems, Biology Department, Laurentian University.
Methylmercury (MeHg) is a neurotoxin that bioaccumulates in
organisms and biomagnifies through food webs following its
formation in anoxic waters and sediments. Thermals stratification
influences the volume of anoxic hypolimnetic water and the area
of anoxic sediment, although it is unclear how thermocline depth
controls MeHg cycling. Environmental disturbances including
forest clear cutting and climate warming can affect the thermal
structure of lakes, which may in turn modify the amount of MeHg
in water and aquatic food webs. In a four year experiment called
TIMEX (Thermocline Deepening Experiment), one basin of a small
Canadian Shield lake was isolated with a plastic curtain, and its
thermocline was artificially lowered by mechanical stirring. Mercury
cycling in the manipulated basin was compared to a separate
reference basin in the same lake. In the manipulated basin, water
MeHg concentrations at 1.5 meters above the sediment were 88 to
92 % lower than concentrations in the reference basin at the same
depth. Similarly, MeHg concentrations were reduced by 19 to 45%
in bulk zooplankton, by 65% in Chaoborus larvae and by 40 to 49%
in brown bullhead (Ameriurus nebulosus). No effect was observed
on MeHg concentrations in mayflies and creek chub (Semolitus
atromaculatus). Lower water MeHg in the manipulated basin likely
resulted from a reduction in the volume of anoxic hypolimnetic
water and associated sediment. Thermocline deepening also
affected plankton community structure and, consequently, the
MeHg concentrations found in zooplankton. The two fish species
responded differently to a deepening thermocline because of their
distinct feeding habits. Overall, a deepening of the thermocline
reduced MeHg concentrations in bottom waters and in some
organisms. It is therefore likely that changes in thermocline depth
resulting from climate change or watershed land use will ultimately
affect mercury contamination.
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MG2-O2
EVALUATION OF SPECIES-SPECIFIC MERCURY ISOTOPIC
FRACTIONATION DURING BIOTIC AND ABIOTIC
METHYLATION EXPERIMENTS
1

2

PERROT, Vincent , JIMERNEZ-MORENO, Maria , BRIDOU,
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Romain , GUYONEAUD, Remy , EPOV, Vladimir. N. , BERAIL,
1
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Sylvain , MONPERRUS, Mathilde , AMOUROUX, David
(1) IPREM-LCABIE UMR5254 CNRS-UPPA, v.perrot@etud.
univ-pau.fr ;(2) University of Castilla-La-Mancha; (3) IPREM-EEM
UMR5254 CNRS-UPPA
Alkylation of inorganic mercury (IHg) to organic Hg species (i.e.
MeHg) is one of the most important transformations occurring
in the biogeochemical cycle of Hg because MeHg accumulate
in food webs and is a highly toxic form in the environment. Hg
is predominantly methylated by sulphate-reducing bacteria in
aquatic environment at the water-sediment interface, but it can be
also methylated via abiotic pathways, notably by methyl donors
such as methylcobalamin (MeCo), a vitamin B12 derivative.
Stable isotopes of Hg have recently been used to assess the extent
of Hg fractionation during either biotic and/or methylation,
demethylation and reduction pathways.
The aim of this study was to compare and clear up the isotopic
fractionation of each Hg species during laboratory kinetic studies
of either biotic or abiotic Hg methylation. Biotic methylation
2+
experiments have been carried out incubating inorganic Hg
(NIST 3133) with Desulfovibrio sp. (BerOc1) under fermentative
and for the first time under sulphate-reducing conditions. Abiotic
methylation experiments have been carried out incubating
2+
Hg (NIST 3133) with MeCo under different conditions. Both
experiments have been done during 48h with sampling of aliquots
at different time. Hg isotopic signatures of species were determined
simultaneously by coupling Gas chromatography with a multicollector ICP-MS after a derivatization step. Quantification of the
species has been done by isotopic dilution GC-Q-ICP-MS.
Quantification of the species at each sampling time has shown
good recovery of initial Hg concentration and has allowed to
determine rate constants of methylation/demethylation reactions.
Biotic methylation, both under fermentative and sulphate-reducing
conditions, produces MeHg which is enriched in lighter isotopes
202
(δ MeHg between -0.88 and -0.45 ‰) in comparison with residual
202
IHg (δ IHg between +0.32 to +0.62‰). Abiotic methylation
experiments also show an enrichment of the products in lighter
isotopes relative to the reagents (δ202MeHg of -0.56 to -0.35‰),
while the inhibition of the methylation extent by the addition of
NaCl yields higher isotope fractionation (δ202MeHg from -2.11 to
-1.07‰).
This study demonstrates that biotic and abiotic methylation of Hg
provides kinetic mass-dependent fractionation of Hg isotopes which
may help to unravel Hg isotopic signature in environmental samples.
For example, Hg methylation by anaerobic bacteria seems to be
independent from the bacteria physiology (i.e. sulphate-reductoin vs
fermentation) and closely controlled by an intracellular methylation
step.
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FG8-O6

FS3-O8

TRACING MERCURY BIOACCUMULATION PATHWAYS
IN DIFFERENT TROPHIC LEVELS OF THE LAKE BAIKAL
– BRATSK RESERVOIR ECOSYSTEM USING MERCURY
SPECIES AND ISOTOPES

DRY DEPOSITION OF ATMOSPHERIC MERCURY TO THE
GREAT SALT LAKE
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1
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AMOUROUX, David
(1) IPREM-LCABIE UMR5254 CNRS-UPPA, v.perrot@etud.univpau.fr; (2) Institute of Geochemistry SB RAS, Irkutsk; (3) University of
Copenhagen.
Mercury has been largely introduced in the environment by
human activities and the complexity of its biogeochemical cycle
makes difficult the complete understanding of its sources and
transformations in a specific target organism or food chain. Hg
stable isotopes were demonstrated to be useful to track its sources
and transformations using both mass dependent fractionation
(MDF) and “odd isotope anomaly” (or MIF). This study presents the
comparison of speciation and isotopic signatures of Hg in different
compartments of an aquatic ecosystem of Russia: the pristine Lake
Baikal located upstream to the Bratsk-Water Reservoir (B-WR),
contaminated by Hg from chlor-alkali plant.
Sediments, water, zooplankton, herbivorous and carnivorous
fish muscle (roach, perch, ...), and endemic Baikal seal samples
have been analysed for Hg speciation by GC-ICP-MS and Hg
stable isotope (sediment, biota) by cold-vapor MC-ICP-MS.
Determination of diet, mass, length, sex, age and carbon and
nitrogen stable isotope analysis has allowed the characterisation of
the biota samples.
Hg species concentration in sediments, water, plankton and fishes
at both sites showed significant higher amounts (2 to 40 times) in
B-WR than in Lake Baikal. In the contaminated reservoir (B-WR),
Hg isotopic signature recorded in all trophic levels exhibits a close
influence from the isotopic composition of the contaminated
sediment which is characterised by typical direct anthropogenic
pollution (i.e. no MIF anomaly). These results suggest that biota
from contaminated sites may preserve the Hg isotopic signature
of the anthropogenic source, especially when feeding in benthic
environment. In the pristine Lake Baikal, Hg species concentration
ratio (MeHg/IHg) depends both on the trophic level and the age of
the specimen in the case of seals. Stable isotope Hg signature of Lake
Baikal fish and seal tissues showed positive correlation between
202
δ Hg (from -0.90 to 3.00 ‰) and trophic level. Furthermore,
the anomaly of Hg odd isotope (MIF) observed in tissues of biota
199
(δ Hg from 0.20 to 6.25 ‰), suggests the bioaccumulation of
MeHg originating from the pelagic environment, in which it has
been exposed to MIF photochemical pathways.
The comparison of the results obtained for both contaminated
and pristine sites suggests that Hg isotopic signature in aquatic
organisms reveals both MeHg pathways in aquatic environments
and trophic bioaccumulation routes.
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PERRY, Kevin D. , LISONBEE, Joel R. , PARDYJAK, Eric R.
(1) University of Utah, kevin.perry@utah.edu; (2) University of Uah.
The Great Salt Lake (GSL) in the western United States has been
identified as the most mercury-laden body of water in the United
States with a median water mercury concentration of 42 ng
-1
L . When Hg enters an aquatic ecosystem it can be converted
to methylmercury which bioaccumulates up the food chain.
Methylmercury contamination has resulted in many consumption
advisories for game fish in lakes and rivers throughout the
Intermountain West. In 2005, the Utah Department of Health
and the Fish and Wildlife Service placed a similar consumption
advisory on waterfowl on the GSL. The primary goal of this study is
to identify the pathway of greatest influx of Hg pollution to the GSL
to give insight toward the source and an eventual solution to the Hg
pollution problem.
Speciated atmospheric mercury measurements have been collected
at the UT96 field site on the eastern shore of the GSL from July 1,
2009 to the present. The atmospheric mercury concentrations, along
with high-frequency atmospheric turbulence measurements, were
used as input to a resistance-in-series dry deposition model (based
on Wesley and Hicks 1977). The dry deposition flux of mercury
was determined from the modeled dry deposition velocity and the
measured concentrations. This dry deposition flux was compared
to the wet deposition flux measured by the National Deposition
Network and the riverine influx measured by the USGS. It was
found that in the first year of sampling (i.e., July 1, 2009 through
-2
June 30, 2010) 10.7 μg m of Hg was deposited into the GSL by dry
deposition from the atmosphere.
Dry deposition makes up 60% of the total Hg influx from all
measured pathways. The flux from the dry deposition of the global
-2
background pool of gaseous elemental mercury (1.5 ± 0.2 ng m )
dominated the dry deposition flux, making up 82.5±8.5% of the
dry deposition flux and 50% of the total Hg influx to the GSL. Lake
sediment cores from the GSL suggest a much larger annual flux
-2
of 68 μg m for the last 27 years. This discrepancy suggests that
measurements of coarse particulate mercury and gaseous elemental
mercury oxidation within the surface boundary layer should be
undertaken at this location.

RG8-P6
ALGAL MERCURY AND TRACE METAL ACCUMULATION
DURING BIOFUEL PRODUCTION
1

1

PETERSON, Christianna , GUSTIN, Mae
(1) University of Nevada, Reno, cpeterson@cabnr.unr.edu
Evolving demands for biofuel production and limited water
resources have lead researchers to explore the possibility of
growing algae colonies in diluted wastewater centrate. The growth
medium offers a dual benefit, by reducing total processing load
for wastewater treatment plants and providing nutrients for
algal growth. This technique would reduce total nitrogen and
phosphorous contributions to natural ecosystems, produce viable
oil for biofuels and a dried algal byproduct for use in animal feed
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and fertilizers. However, little is known about the bioaccumulation
of mercury (Hg) and other trace metals in the algal colonies and
subsequent solid byproducts. We have set out to identify the
potential for accumulation of total and methyl Hg in three algal
strains (freshwater, saltwater and a local freshwater strain), in
addition to 6 trace metals identified as phytotoxic and of byproduct
concern (As, B, Cd, Fe, Pb and Zn). The three strains will each grow
in multiple centrate dilutions (10 to 40% centrate) for 6 weeks. We
will then quantify Hg and trace metals in the initial and exhausted
growth medium and dried algal biomass. Initial results indicate that
-1
total and methyl Hg concentrations in the centrate (30 ng L and 6
-1
ng L ; respectively) are higher than reported for natural waters, and
-1
only As, B and Fe are above analytical detection limits (80 μg L ,
-1
-1
0.3 mg L , 1.9 mg L ; respectively). Total Hg in dried algal biomass
-1
grown in an identical manner to our study is 47 μg kg , which is
higher than that reported for marine-based algae species (20 μg
-1
kg ; Almela et al., J. Ag. and Food Chem. 2002). Over the next 4
months we will determine the accumulation of Hg, methylation
rates between algal strains and growth media, and trace metals in
our three algal strains and varying centrate dilutions. We plan to
report on total and methyl Hg and trace metal concentrations and
accumulation for two algal strains.

RS1-P8
ESTIMATION OF MERCURY DRY DEPOSITION AT THREE
TMDL SUPERSITES ACROSS FLORIDA, USA
1

1

2

PETERSON, Christianna , GUSTIN, Mae , WEISS, Peter
(1) University of Nevada, Reno, cpeterson@cabnr.unr.edu; (2)
University of California, Santa Cruz.
Wet deposition rates reported by the Mercury Deposition Network
in Florida are some of the highest in the United States. Little
however is known about the magnitude of dry deposition to the
region. To address this uncertainty, dry deposition of gaseous
oxidized mercury (GOM) was estimated for three Florida TMDL
Supersites using surrogate surfaces and a dry deposition model.
The latter applied air GOM concentrations measured on-site using
a Tekran air speciation system. Passive samplers for monitoring
GOM concentrations were also deployed. The TMDL sites were
located near industrial and urban sources, with coal fired power
plants located near the Pensacola and Tampa sites, while the Davie
location was in a large urban area. From July 2009-2010 surrogate
and passive samplers were deployed for two week intervals. Air
Hg speciation data, trace gas concentrations and meteorological
parameters were collected by the SEARCH and TMDL networks.
Samplers located in Pensacola had the lowest annual Hg dry
-2
-1
-1
deposition rate and GOM uptake (0.2 ng m hr and 0.4 pg h ;
-2
-1
respectively), while the highest rates (0.4 ng m hr and 0.6 pg
-1
h ; respectively) were observed at the Davie site. Sampler Hg
concentrations were highest across all sites during the spring and
lowest in the fall and winter. Tekran derived GOM concentrations
followed the same seasonal and spatial patterns, with Pensacola
having the lowest mean concentration in the winter and Davie the
-3
-3
highest mean in the summer (2 pg m and 7 pg m ; respectively),
-3
while the highest hourly GOM concentration (157 pg m ) was
recorded at Tampa. Hg dry deposition to surrogate surfaces was
significantly correlated to mean GOM concentrations measured
over the same time period at Pensacola and Tampa, while GOM
uptake by the passive samplers was significantly correlated to mean
GOM at Pensacola and Davie (p<0.05). Modeled dry deposition
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followed the same spatial and seasonal trends, and was significantly
correlated to dry deposition to the surrogate surfaces and passive
samplers (p<0.05). Based on deposition to the surrogate surfaces
and modeled values, dry deposition in Florida accounts for 3 to 15%
of total annual Hg deposition (wet + dry). Variations between the
samplers and real-time Hg concentrations indicate that the samplers
are a good method for understanding seasonal and spatial variations
in Hg dry deposition, even at low concentration sites. Further use
of these methods will allow for greater understanding of Hg cycling
across large areas.

TG5-P15
CONCEPTUAL MODEL OF PRIMARY MERCURY SOURCES,
TRANSPORT PATHWAYS, AND FLUX AT AN INDUSTRIAL
FACILITY IN OAK RIDGE, TENNESSEE
1

PETERSON, Mark
(1) ORNL, petersonmj@ornl.gov
A conceptual model of mercury flux from an industrial facility
to a stream in Oak Ridge, Tennessee was developed to assist in
environmental management decisions and in mitigating the impacts
of mercury on the surrounding environment. The task of developing
a comprehensive conceptual model for the facility was challenging
because of widespread distribution of mercury sources and the
complex or not well understood mercury transport pathways. To
develop the current model, a multi-organizational team reviewed
existing conceptual models from a variety of sources, consolidated
historical data and source information, gathered input from staff
members with extensive site knowledge, and used recent mercury
flux data from a variety of sampling programs. The conceptual
model indicates that the nature and extent of mercury concentration
and contaminant flux at the facility has significantly changed in the
ten years since conceptual models were used for previous remedial
action decisions. A new water treatment system has effectively
reduced mercury inputs to the creek and is removing substantially
greater quantities of mercury from groundwater than was expected.
Flux from one large outfall at the creek’s headwaters appears to
be a greater percentage of the overall flux leaving the site than
previous years, albeit year to year variation in flux is large, and the
many small sources of mercury identified in the model may also be
important if the goal is to reach very low mercury levels in stream
water and fish. One of the most important results of the conceptual
model exercise was the identification of data gaps and potential
research needs. Research necessary to develop a more robust
conceptual model for the facility and creek include evaluation of
mercury speciation within the facility, using new tools to detect
and quantify elemental mercury; evaluation of the importance
of mercury concentration versus flux on downstream media and
bioavailability; evaluation of the importance of base flow versus
storm flow flux; and understanding of the connections between
concentrations of inorganic mercury precursors and methylmercury
concentration, bioavailability, and bioaccumulation.
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RG1-P4

MG14-O16

THE DETERMINATION OF HG IN COSMETICS USING
A MERCURY ANALYZER EMPLOYING THERMAL
DECOMPOSITION

EVALUATION OF HEALTH IMPACTS AND COSTS OF
METHYLMERCURY IN FRANCE

1

1

PFEIL, David , MACALLISTER, Bruce
(1) Teledyne Leeman Labs, dpfeil@teledyne.com
Co-operation on cosmetics regulation and control is of international
importance. At the fourth annual meeting of the International
1
Cooperation on Cosmetic Regulation (ICCR) mercury was
recognized as one of three trace contaminants requiring framework
documentation.
In the United States, the Food and Drug Administration (FDA)
has authority over the marketing and distribution of cosmetics
under the Federal Food, Drug and Cosmetic Act (FD&C). This
act prohibits the interstate commerce of cosmetics that are either
adulterated or mislabeled. One of several ways a cosmetic may be
considered adulterated is if it “contains a poisonous or deleterious
substance which may render it injurious to users under the
conditions of use prescribed in the labeling thereof ”.
The toxicity of mercury compounds is well known. These
compounds can produce allergic reactions, skin irritation and
neurological disorder. As mercury can be absorbed through the
skin and has a tendency to accumulate in the body over time, it
clearly constitutes a deleterious substance. In the US most cosmetics
with a mercury concentration of more than 1 ppm are regarded
as adulterated. Specific products used around the area of the eye,
such as mascara, with a mercury content above 65 ppm are deemed
adulterated.
2

Last year the FDA published an alert which prohibited the import
of adulterated creams from the Dominican Republic and Mexico
without further inspection because they had been found to contain
as much as 8% mercury.
One of the strongest advantages of the thermal decomposition
technique is its ability to release mercury from a wide variety of
matrices without any sample digestion. This ability enables the rapid
analysis of cosmetics with very different matrices such as lipstick,
makeup foundation, mascaras, creams and lotions.
In this presentation, we will provide data on the mercury content
found in a variety of commercially available cosmetic products
manufactured inside and outside the United States.
1

2

The International Cooperation on Cosmetic Regulation is a
group of regulatory authorities from Canada, the European
Union, Japan, and the United States.
Import Alert #53-18 Detention without physical examination
of skin whitening creams containing mercury.
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1

1

PICHERY, Celine , BELLANGER, Martine , ZMIROU-NAVIER,
1
2
3
Denis , FRÉRY, Nadine , CORDIER, Sylvaine , ROUE-LEGALL,
1
3
4
Anne , HARTEMANN, Philippe , GRANDJEAN, Philippe
(1) EHESP, celine.pichery@ehesp.fr; (2) InVS; (3) INSERM; (4) Health
SDU, Harvard SPH.
Evidence of a dose-response relationship between prenatal
exposures to methylmercury (MeHg) and neuro-developmental
disorders suggests the need for an evaluation of the economic
consequences of MeHg-mediated neurotoxicity. The effects of
MeHg exposure in children include a reduction of IQ and therefore
generate societal costs. The latter have been estimated in some other
countries, but not in France. So the purpose of our research was to
assess the French health impacts and costs due to MeHg exposure.
We used data on hair-mercury concentrations in French samples of
childbearing age women (18-45 years). These data were collected
from three sources. The first came from a sample of 126 women
at the national level (InVS 2006-2007). The second consisted of
two sets of data available from two French coastal regions (n=161
and n=503, respectively). We converted these results into cord
blood concentrations that have been used for dose-response
relationships. A linear dose response function with a slope of
0.093 [0.059–0.124] IQ points per μg/L increase of the cord-blood
mercury concentration was based on the recommendations by the
U.S. National Research Council. We used an updated estimate of
€2008 17,363 per IQ point decrement for the calculation of costs. We
conducted a sensitivity analysis using three cut off points for MeHg
neurotoxicity (2.9, 5, and 12.5 μg/L). We then compared the French
national results with those based on regional exposure estimates.
On the basis of national data, we estimated a mean annual economic
impact of €0.73 billion, €0.34 billion, €0.02 billion, respectively using
the three different points. Above 2.90 μg/L, we estimated mercuryrelated losses of cognitive function ranging from 0.20, 0.89 and
2.10 IQ points/person and a loss of €3,473, €15,453 and €36,462/
person at 5 μg/L, at 12.5μg/L and at the maximum, respectively.
Above 5μg/L, we estimated a loss of 0.70 and 1.91 IQ points/person
and a loss of €12,154 and €33,163/person at 12.5μg/L and at the
maximum, respectively. Above 12.50μg/L, we estimated a loss of
1.21 points/person and a loss of €21,009/person at the maximum.
These results highlight how reduction of exposures to this pollutant
could have high social benefits for France. These benefits should
be taken into account when considering options for controlling
mercury emissions to protect the most highly exposed and
vulnerable populations.
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WS1-O5
ATMOSPHERIC MERCURY CONCENTRATION
MEASUREMENTS USING CAVITY RING-DOWN
SPECTROSCOPY
1

1

PIERCE, Ashley , FAIN, Xavier, OBRIST, Daniel , MOOSMULLER,
1
Hans
(1) Desert Research Institute, ashley.pierce@dri.edu
Current measurement techniques for atmospheric elemental
0
mercury (Hg ) require several liters of sample air and several
minutes for each analysis. Measurements with improved temporal
and spatial resolution will enhance our ability to understand and
track chemical cycling of mercury in the atmosphere such as high
0
frequency Hg fluctuations that may correspond to atmospheric
sources, sinks, and chemical transformation processes. We are
developing a new sensor using cavity ring-down spectroscopy
0
(CRDS) to measure Hg mass concentration. CRDS is a direct
absorption technique that uses path lengths up to multiple
kilometers in a compact absorption cell and has much higher
sensitivity, temporal resolution, and reduced sample volume
requirements (<0.5 l of sample air) than conventional absorption
spectroscopy. Our current prototype includes a frequency-doubled,
dye-laser emitting pulses tunable from 215 to 280 nm with a pulse
0
repetition frequency of 50 Hz. CRDS measurements of Hg are
0
linearly related to Hg concentrations determined by a Tekran 2537B
0
-3
analyzer over an Hg concentration range of 0.2 ng m to 573 ng
-3
m , suggesting a linear response for both instruments.
Recent results using the first ambient air measurements of
atmospheric mercury with this sensor show a CRD sensor detection
0
-3
limit of 0.09 ng Hg m at a temporal resolution of 10 sec, which is
similar in range to the detection limit estimated using laboratory
tests. We present a new method to control the laser wavelength by
202
locking it to the hyperfine structure of the Hg isotope Hg using
an external low-pressure mercury cell and differential extinction
measurements by two photodiodes. We found that the best method
for calibration of the sensor is by quantification of the system’s
baseline losses using ambient air filtered from ambient mercury
(using a charcoal filter) and from interfering constituents such as
fine particulate matter (using a HEPA filter) and ozone (by means of
an ozone denuder). We present measurements of the CRD system
in ambient air of the urban atmosphere of Reno, NV, and discuss
the value and new opportunities of high-resolution measurements
for better air mass characterization and source quantification of
mercury. Potential future applications for our system include use
with micrometeorological techniques such as Eddy Covariance,
in situ and laboratory chemical and physical transformation and
speciation studies of mercury, and airborne measurements if the
sensor can be operated from an aircraft platforms.

RS3-P2
THE SPATIAL AND TEMPORAL TRENDS OF HG
SPECIATION IN THE UPPER ST. LAWRENCE VALLEY,
IMPACT OF AN INDUSTRIAL AREA ON THE NEARBY
RURAL ENVIRONMENT
1

1

2

PILOTE, Martin , POISSANT, Laurier , BEAUVAIS, Conrad
(1) Environment Canada, Martin.pilote@ec.gc.ca; (2) Environnment
Canada.
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Mercury is known to impact the aquatic and terrestrial
environment. The dominant form in the atmosphere is gaseous
elemental mercury (GEM). The residual forms are the reactive
gaseous mercury (RGM) including HgCl2, particulate mercury
(PM) and various organic mercury forms. Atmospheric mercury
speciation and deposition are critical to understanding the fate
of mercury in the environment. Atmospheric mercury speciation
and deposition were investigated in the upper St. Lawrence Valley
in at rural site, St. Anicet, and in a small nearby industrial town,
Valleyfield. One year measurements (2009) of GEM, RGM and
PM concentrations in St. Anicet were respectively 0.48 - 12.58 ng/
m³ (average 1.45 ng/m³), 0 - 548.92 pg/m³ (average 3.86 pg/m³),
0 - 2871.71 pg/m³ (average 15.49 pg/m³). The annual average of PM
and RGM measured in St. Anicet were < 1.5 % of the total mercury.
In addition, the backward trajectory calculated for some Hg values
reveal various sources, from New England and the Maritime
Provinces to northern Québec and the Hudson Bay. Spatial trends
of Hg were investigated during an intensive field campaign at both
sites between June 16 and August 15, 2009. GEM, RGM and PM
measurements at the industrial site were respectively higher than
at the rural site, 2.27 and 1.49 ng/m³, 14.18 and 2.72 pg/m³, as
well as 19.51 and 12.69 pg/m³. The windrose drawn at both sites
pointed out some similar industrial mercury sources. Further,
mercury speciation fluxes were estimated in St. Anicet, August
24 to September 29, 2009. For this purpose, a well demonstrated
technique using synchronized automated high-time-resolution
mercury speciation fluxes and dry deposition measurements of
GEM, RGM and PM was used. The average GEM flux was -88.92
ng/m²/h (positive sign means volatilization, negative sign indicates
deposition) with a maximum deposition value of 1723.30 ng/
m²/h and a maximum volatilization value of 1002.54 ng/m²/h. The
average RGM flux was -0.87 ng/m²/h with a maximum deposition
value of 36.25 ng/m²/h and a maximum evasion value of 26.73 ng/
m²/h. The average PM flux was -3.75 ng/m²/h with a maximum
deposition value of 315.75 ng/m²/h and a maximum resuspension
value of 115.94 ng/m²/h. The median dry deposition velocities
calculated from flux and concentration measurements were 0.03
cm/s (GEM) < 0.33 cm/s (RGM) < 1.38 cm/s (PM). Emission
sources, regional atmospheric chemistry, and near-ground
micrometeorological conditions may all influence the distribution of
the atmospheric mercury speciation and deposition.

RG8-P21
MONITORING OF TOTAL MERCURY IN THE PLANKTON
COMMUNITY OF PARA RIVER BASIN, AMAZON, BRAZIL
1

PINHEIRO, Samara Cristina Campelo , OLIVEIRA, Diomar
1
1
Cavalcante , GUIMARES, Clodoaldo Júnior Viana , DA COSTA,
1
1
Vanessa Bandeira , ALVES,Francisco Arimateia Santos , DE SA,
1
1
Lena Líllian Canto , LIMA, Marcelo de Oliveira , DE JESUS, Iracina
1
Maura
(1) Evandro Chagas Institute, samarapinheiro@iec.pa.gov.br
In the Amazon region the presence of mercury (Hg) in soils, rivers
and atmosphere is attributed to natural processes and human
activities as the process of amalgamation in gold mining. The use
of plankton community as bioindicators of mercury environmental
exposure is due to its importance in energy transfer to other aquatic
trophic levels, including some species of fish consumed by local
coastal communities. The aim of this work was to contribute to
studies on mercury concentrations in organisms belonging to the

246

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
plankton community in the Amazon region. Plankton samples were
collected in the basin of the Pará River, the stretch between the
towns of Barcarena and Abaetetuba, State of Pará, in two sampling
points RPA03 (1°41’25.03”S) and RPA07 (1°34’59.07”S) during the
months of January/09, April/09, July/09,October/09 and April/10.
To collect plankton were performed in the sub-surface water with
the use of plankton nets with mesh size of 20, 64 and 120μm.
After collection, the plankton concentrated material was packed
in amber glass bottles (1.0 L) and transported to the laboratory
where were lyophilized. The total mercury determination, the
samples were acidified, according to methodology described by
Akagi (2004). The levels of total Hg were determined using Cold
Vapor Atomic Absorption Spectrometry (CV-AAS). For quality
control were used Certified Reference Material (BCR 060) with
a good analytical recovery. The average concentrations recorded
ranged from 0,038 ± 0,004 μg/g during the month July/09 (RPA03)
to 0,584±0,546 μg/g in the month of January/09 (RPA07). The
highest concentrations in both points were recorded during the
month of January/09, this month considered of greatest rainfall for
this region. These higher concentrations may relate to the entry of
particles embedded in the Hg from soil to the aquatic environment
through the leaching processes in the natural environment. The
levels found in the plankton were indications that these organisms
accumulate mercury and should be better investigated regarding
their origins, occurrence, transport and importance in the steps of
biomagnification through the aquatic food chain.

Currently, there is no coordinated global observational network
for mercury that could be used by the modelling community or to
establish recommendations to protect human health and ecosystems
on a global scale. Current national/regional monitoring networks
are inadequate for a global scale assessment. Recognizing that
TGM and Hg in wet deposition are spatially heterogeneous, several
studies have aimed to set up monitoring networks in order to
compare trends between sites in the same region, between regions,
and to determine the influence of local and regional emission
sources. It is important to stress that the measurement of Hg by
itself is not sufficient to improve our understanding of Hg sources
and impacts. Measurements of other key atmospheric constituents
at the global monitoring sites are necessary to develop a better
understanding of the global redistribution of Hg, and to further
refine the parameterisation of key processes in global and regional
atmospheric mercury models. GMOS is a five year project (www.
gmos.eu) funded by the European Commission; it is aimed to
establish a worldwide observation system and will include groundbased monitoring stations, shipboard measurements over the Pacific
and Atlantic Oceans and European Seas, as well as aircraft-based
measurements in the UTLS. GMOS will support UNEP F&T,
GEOSS, and UNECE-TF HTAP and will benefit and will cooperate
with on-going monitoring programs in Europe, North America and
Asia. The specific objectives of GMOS are:
a)

MS18-O1
UNEP GLOBAL MERCURY PARTNERSHIP

b)

1

PIPER, David
(1) United Nations Environment Programme, david.piper@unep.org
In February 2009, the Governing Council of the United Nations
Environment Programme (UNEP) agreed to develop a global legally
binding instrument on mercury by February 2013. The agreement
is being developed by an intergovernmental negotiating committee.
UNEP acts as a Secretariat to the negotiation process. At the same
time, UNEP coordinates the UNEP Global Mercury Partnership
through seven priority work areas. The Partnership is the vehicle for
immediate actions on mercury and is the primary interface between
UNEP’s work and the global scientific community.
The purpose of this session is to highlight how scientific information
is currently playing into the UNEP program and also to outline
opportunities for the scientific community in light of the future
mercury treaty and the work areas of the UNEP Global Mercury
Partnership.

TG4B-P18
THE GLOBAL MERCURY OBSERVATION SYSTEM (GMOS)
1

2

3

PIRRONE, Nicola , CINNIRELLA, Sergio , EBINGHAUS, Ralf ,
4
5
6
HORVAT, Milena , MUNTHE, John , PACYNA, Jozef M. ,
3
2
7
MATTHIAS, Volker , SPROVIERI, Francesca , TRAVNIKOV, Oleg
(1) CNR-Institute of Atmospheric Pollution Research, pirrone@iia.
cnr.it ;(2) CNR-Institute of Atmospheric Pollution Research, Division
of Rende, Italy; (3) Helmholtz-Zentrum Geesthacht, , Germany; (4)
Institute Jozef Stefan, Slovenia; (5) Swedish Environmental Institute,
Sweden; (6) Norwegian Institute for Air Research, Norway; (7)
Meteorological Synthesizing Centre - East of EMEP, Russia.
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c)

d)

To establish a Global Observation System for Mercury
able to provide ambient concentrations and deposition
fluxes of mercury species around the world, by combining
observations from permanent ground-based stations, and from
oceanographic and tropospheric measurement campaigns.
To validate regional and global scale atmospheric mercury
modelling systems able to predict the temporal variations and
spatial distributions of ambient concentrations of atmospheric
mercury, and Hg fluxes to and from terrestrial and aquatic
receptors.
To evaluate and identify source-receptor relationships at
country scale and their temporal trends for current and
projected scenarios of mercury emissions from anthropogenic
and natural sources.
To develop interoperable tools to allow the sharing of
observational and models output data produced by GMOS,
for the purposes of research and policy development and
implementation as well as at enabling societal benefits of Earth
observations, including advances in scientific understanding in
the nine Societal Benefit Areas (SBA) established in GEOSS.

MS18-O3
THE UNEP FATE AND TRANSPORT PARTNERSHIP AREA:
AN OVERVIEW OF SIX YEARS ACTIVITY AND FUTURE
PLANS
1

2

2

PIRRONE, Nicola , FINO, Alessandra , STRINCONE, Marco
(1) CNR-Institute of Atmospheric Pollution Research, pirrone@iia.cnr.
it; (2) CNR-Institute of Atmospheric Pollution Research, Italy
The Mercury Air Transport and Fate Research UNEP Partnership
(F&T) area started its activity in 2005 and since have provided
a valuable contribution to the UNEP Mercury Program and
established a close cooperation with other international programs
(i.e., GEO Task HE-09-02d / GEOSS) and conventions (UNECETF HTAP) (http://www.unep.org/ hazardoussubstances/Mercury/
tabid/434/Default.aspx). The UNEP F&T aims to increase global
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understanding of international mercury emissions sources, fate and
transport by:
•

•
•
•

Accelerating the development of sound scientific information
to address uncertainties and data gaps in global mercury
cycling and its patterns (e.g., air concentrations and deposition
rates, source-receptor relationships, hemispheric-global air
transport/transformation emission sources, transboundary
movement through hydrological and atmospheric pathways,
air/water exchange, mercury fate in contaminated sites, aquatic
mercury cycle and exposure in biota, particularly fish);
Enhancing sharing of such information among scientists and
between them and policymakers;
Providing technical assistance and training, where possible, to
support the development of critical information;
Enhancing the development of a globally-coordinated mercury
observation system to monitor the concentrations of mercury
species into the air and water ecosystems in cooperation with
the GEO Task HE-09-02d “Global Observation Network for
Mercury” as part of GEOSS 2009-2011 workplan. Enhancing
the exchange of information and cooperation with the Task
Force on Hemispheric Transport of Air Pollutants (TF HTAP)
of the UNECE-LRTAP Convention.

At present, considering the importance of an integrated evaluation
of mercury impacts on the whole environment, the scope of the
Partnership’s research activities is being extended to include aquatic
transport and fate of methylmercury to biota as well as human
exposure.
The F&T will continue not only to act as an integrator of scientific
information among the partnerships but will continue to support
the overarching goals of the UNEP Mercury Programme, including
contributing to, coordination and liaison with various organizations
and programs (such as UNECE-TF HTAP, AMAP, GMOS, UNEP
Regional Seas, GEOSS-Task HE-09-02d).

RG1-P13
NEW APPROACH TO CONTINUOUS DETERMINATION
OF MERCURY IN INDUSTRIAL WATER USING ZEEMAN
ATOMIC ABSORPTION SPECTROMETRY
1

2

PITIRIMOV, Pavel V. , SHOLUPOV, Sergey E. , POGAREV, Sergey
3
2
E. , RYZHOV, Vladimir V.
(1) St. Petersburg State University, p.p@list.ru; (2) Lumex Ltd; (3)
St.Petersburg State University.
Presently, the analytical task of mercury monitoring of industrial
and waste water is rather vital. On-line mercury determination in
such water is complicated by the presence of dissolved compounds
at high concentration, e.g., industrial water of some coal-fired
power plants contains about 3% of chlorides and sulfates. Sample
pretreatment steps are necessary for total mercury determination
using conventional CV (cold vapor) technique. Field experience of
such kind shows that capillaries used as sampling line are very often
get clogged by precipitated salts. Therefore, mercury monitors based
on the CV technique are unsuitable for long unattended operation
since they call for frequent maintenance. An alternative technique
for mercury atomization, namely, thermal destruction of samples
(pyrolisys) can be used in a water mercury monitor. One of the
problems of the pyrolisys technique is the presence of dissolved
compounds at high concentration. Being evaporated in the oven, the
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dissolved compounds are converted to fine particles, aerosols and
vapor, and then are transported by a carrier gas into the analytical
cell where they cause certain spectroscopic interference in AA
measurements and partially precipitate on the windows. Therefore,
the final detection technique should be highly selective relative to
such kind of interferences.
As a final detection technique, the Zeeman AAS meets these
requirements. In a monitor considered here, a sample is injected in
the oven continuously through a nebulizer. Programmably, distilled
water and calibration solution are injected in the system to perform
the zero test and check the calibration coefficient. To reduce
interferences of chlorides, the cell is maintained at a temperature
higher than 650 OC. The contamination of the windows is reduced
due to a special design of the cell. Thus, the mercury detection limit
lower than 1 ug/l has been obtained at a response time shorter than
20 s for industrial water with a high salt background (up to 3%).

MG6-O6
HG BIOACCUMULATION IN A CONTAMINATED FLOWING
WATER SYSTEM-SEDIMENT, MACROINVERTEBRATES,
AND FISH INTERACTIONS.
1

1

PIZARRO-BARRAZA, Claudia , GUSTIN, Mae S
(1) University of Nevada, Reno, claudiakeka@hotmail.com
Across the globe there are aquatic ecosystems impacted by ongoing
and the historic use of elemental mercury (Hg) for gold extraction.
The headwaters of Steamboat Creek (SBC), a major tributary of
the Truckee River Nevada/California USA, were, in the 1800’s,
a location where Hg was used to extract gold and silver from
ore. The impacts of this activity remain to this day in the creek
and the river as demonstrated by concentrations of Hg in fish
that exceed the US EPA consumption advisory. Additionally, Hg
concentrations in water, sediment and macroinvertebrates below
the confluence of the creek are elevated relative to those measured
upriver. We investigated the distribution of Hg in abiotic and biotic
components along the length of the river, as well as the potential
for Hg concentrations in water, sediments and macroinvertebrates
to be latent indicators of potential sources of methylmercury
(MeHg) for fish species. Fish Hg concentrations increased down
river as did filtered water MeHg concentrations and those in some
macroinvertebrate species (Caddisflies, Mayflies, Crayfish, Aq.
Earthworms, and Flatworm). In general, sediments associated
with the river shore and a restoration area had higher MeHg
concentrations and as such these environments are likely a source
of MeHg to the water column during high flow conditions. Specific
macroinvertebrates (Water striders and Damselflies) that frequent
these areas also had a Hg concentration trend similar to sediments.
Mercury inputs to the river are primarily as particulate bound form.
Mercury concentrations in sediments showed that deposition of Hg
is important in the shore environments where often fine particulate
bound Hg may settle, water is slow moving and even stagnant, and
more vegetation is present, promoting MeHg production.
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RG1-P7
SPECIFIC FEATURES OF THE PYROLYSIS TECHNIQUE
USING THE ZEEMAN AAS FOR MERCURY
DETERMINATION IN VARIOUS MATRICES
1

2

2

POGAREV, Sergey , RYZHOV, Vladimir , SHOLUPOV, Sergey ,
1
1
MASHYANOV, Nikolay , PITIRIMOV, Pavel , SENICHENKOV,
2
Vasily
(1) St. Petersburg State University, Hg@lumex.ru; (2) Lumex
Recent trends in mercury analysis give rise to the expanding use
of direct sample combustion (pyrolysis) without its preliminary
treatment, which supersedes the cold vapour (CV) technique even
in analyses of such complex-matrix samples as foodstuff, crude oil,
biological materials, etc. The direct combustion technique rules
out rather complicated and time-consuming sample pretreatment
that is necessarily involved in the CV method. This also eliminates
analytical errors specific to wet digestion and other steps of sample
preparation for CV analyses, improves the detection limit, and
increases the analysis throughput.
A set of the Zeeman mercury spectrometer RA-915+ and PYRO915 attachment was used to optimize the pyrolysis technique for
analyses of solid and liquid samples, such as soil, marine sediments,
coal, biological materials, foodstuff, plastics and resins, medicine
and cosmetics, water and water solutions, crude oil, naphtha, etc..

suggest that other factors may be underpinning these trends. Recent
work on mercury stable isotopes fractionation in seabird eggs from
the Alaskan arctic revealed that mercury cycling may be linked
to ice cover. Complementary measurements were performed on
cryogenically archived marine mammal liver samples to document
the extent of Hg stable isotopes fractionation in the Alaskan marine
foodweb. Mercury stable isotope measurements were conducted in
beluga whale (Delphinapterus leucas), ringed seal (Phoca hispida)
and polar bear (Ursus maritimus) liver samples collected since 1988.
Significant variations in Hg MDF and MIF existed between the
different species investigated and between individuals at the
colony, group or stock level. Results on beluga whale showed
clearly that Gulf of Alaska, Bering Sea and Chukchi Sea stocks were
characterized by unique Hg MIF signatures, with values changing
with latitude and matching earlier results obtained on seabird
eggs. These results indicated that Hg-MIF may be used as a robust
geographical tracer for describing habitat utilization and food webs
connectivity between the grand Alaskan regions.

TS8-P3
FOREST REGENERATION INCREASE MERCURY AND
METHYL MERCURY EXPORT LOAD FROM UPLAND
BOREAL FOREST CATCHMENT
1

The PYRO-915 attachment is specially designed for analysis of
complex-matrix samples. In its double-section atomizer, the
temperature inside the first section (evaporator) is programmable
O
in a range of 100 – 800 C, and the temperature inside the second
section (catalytic converter) and analytical cell is maintained at
O
700 C. For example, it was ascertained that the temperature of the
O
analytical cell should be above 500 C to provide correct analysis of
crude oil. At a lower temperature, the measurement error may be
O
as large as 100%. A higher cell temperature above 650 – 700 C is
necessary to prevent mercury recombination with active radicals,
such as chlorine, whereby accurate analysis of samples with a high
content of halogens is ensured.
Special temperature conditions were implemented for highly
contaminated samples with the mercury concentration up to
500 ppm. Our comprehensive study of the combustion behavior
and selective--nonselective absorption ratio provides optimal
temperature conditions to be specified for pyrolysis of various
complex-matrix samples.

RS4-O6
MERCURY STABLE ISOTOPES FRACTIONATION IN THE
ALASKAN ARCTIC MARINE FOOD WEB
1

2

3

POINT, David , MASBOU, Jeremy , SONKE, Jeroen E , BECKER,
4
Paul R
(1) IRD, david.point@ird.fr; (2) UPS; (3) CNRS; (4) NIST.
Mercury impacts are enhanced at high latitudes with record
concentration levels in Arctic marine wildlife, posing a health risk
for northern people who consume these subsistence resources.
Whereas a cascade of processes might ultimately link atmospheric
Hg emissions to Hg concentrations in Arctic biota, the different
temporal trend series in the Western and Eastern Arctic sectors
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PORVARI, Petri , VERTA, Matti , LAURÉN, Ari , LINJAMA,
1
Jarmo
(1) Finnish Environment Institute (SYKE), petri.porvari@ymparisto.fi;
(2) Finnish Forest Research Institute.
We studied the effects of forestry practices on total mercury (TotHg)
and methyl mercury (MeHg) concentrations in outflow stream
and on output fluxes from a small (0.071 km2) boreal spruce
forest catchment in southern Finland. (61°01’N, 24°45’E) using
paired-catchment experiment. The soil in the treatment catchment
was composed of coarse sand till overlain by a thin humus layer.
Approximately 5 % of the treatment catchment area was covered by
peat soil. The dominant tree species forest stand was Norway spruce.
The treatment catchment was clear cut in 1997, mounded in 1998
and afforested in 1999. Runoff was measured continuously from
1994 to 2009 and discrete water samples for analysis of TOC, TotHg,
MeHg, SO4 and general stream water chemistry were collected from
weirs at the outlet of the treatment and the reference catchments.
We observed significant increases in the outflow of TotHg and
MeHg from a forest catchment after clear cutting. The annual
runoff ranged only between 50-280 mm in the control catchment,
while the rainfall in the region was 450-710 mm indicating high
filtration to deep soil layers and low surface water outflow from the
untreated catchments. Clear cutting increased the runoff from 14 to
180 mm. The background total Hg export ranged between 0.25 and
-2 -1
-2 -1
1.70 g km a , while the export of MeHg was 0.02-0.11 g km a .
-2 -1
The TotHg export increased from 0.25 to 4.2 g km a and MeHg
-2 -1
export from 0.07 to 0.50 g km a in the years after treatment.
The MeHg increase was significant in all years but TotHg only in
the first year after the treatment. Further, the highest surplus of
MeHg output was measured during the five last years of monitoring
and indicated no signs of recovery to background levels. We will
discuss the fundamental and long lasting effects on environmental
characteristics that may be developed after clear cutting and soil
treatment and lead to MeHg formation in forest soils.
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There was no clear leveling off of MeHg concentrations after twelve
years of the treatment, which necessitate further monitoring. In
recent years there has been extensive felling of timber in Finland.
This may cause elevated fish Hg levels in wide areas with forest lakes.

TS2-P8
MODELLING MERCURY CYCLING IN FORESTED
CATCHMENTS USING INCA-HG
1

2

1

POSTE, A.E. , FUTTER, M.N. , DILLON, P.J.
(1) Trent University, amandaposte@trentu.ca; (2) Swedish University
of Agricultural Services.
Although there are several models that seek to describe the
behaviour of mercury (Hg) in natural and semi-natural
environments, there are no existing catchment-scale models that
can be used to link the effects of changing Hg deposition to soil and
water Hg processes. Such a model is needed to provide estimates
of Hg fluxes from the terrestrial to the aquatic environment and to
parameterize models of Hg contamination in aquatic food webs.
INCA-Hg is based on the Integrated Catchment biogeochemical
modelling framework, and provides a model of mercury cycling and
transport in boreal and temperate forested catchments. INCA-Hg
0
2+
simulates three species of Hg: elemental (Hg ), ionic (Hg ) and
methyl mercury (MeHg). Inputs to the model include land use
within catchments and sub-catchments, climate and hydrologic
data, and atmospheric deposition of mercury. The model output
includes estimates of the flux from the catchment of the simulated
Hg species to downstream lakes. We have used INCA-Hg to model
mercury transport in several sub-catchments of two headwater
lakes in the southern boreal region of Ontario (Harp and Dickie),
and have been successful in calibrating the model for both total and
methyl mercury at these sites. Our goal is to link INCA-Hg with
atmospheric deposition and lake Hg models to provide an integrated
whole-catchment capability, and to link INCA-Hg with DOC
and sediment transport models already developed in the INCA
framework so that DOC- Hg complexes and particulate Hg can be
included as chemical species.

FG8-O4
BIOACCUMULATION AND BIOMAGNIFICATION
OF MERCURY IN SEVERAL UGANDA LAKES: THE
IMPORTANCE OF LAKE TROPHIC STATUS
1

2

3

2

POSTE, A.E. , GUILDFORD, S.J. , MUIR, D. , HECKY, R.E.
(1) Trent University, amandaposte@trentu.ca; (2) University of
Minnesota Duluth; (3) Environment Canada
Although mercury has been well studied in temperate and arctic
aquatic systems that often are characterized by low primary
productivity, relatively little is known about the behaviour of
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mercury in tropical eutrophic lakes. The distribution and trophic
transfer of mercury was characterized in several Ugandan lakes
including the East African great lakes Victoria, Albert and
Edward as well as four smaller lakes. The large lakes sampled all
support substantial commercially important fisheries, while the
smaller Ugandan lakes support subsistence fisheries that provide
a critically important source of protein and income for riparian
communities. These lakes ranged in trophic status from mesotrophic
to hypereutrophic. Consistent biomagnification of mercury was
observed at all study sites; however, total mercury concentrations
in fish were generally low, and would not be expected to pose a risk
to even the most frequent fish consumers. Mercury dynamics were
strongly linked to lake trophic status; with biomagnification rates
and mercury concentrations in fish lower at the hypereutrophic
study sites than at the mesotrophic and eutrophic study sites.
Year-round high phytoplankton biomass and growth rates in highly
productive tropical lakes may act to mitigate the potential for high
mercury concentrations in fish, whereby growth and biomass
dilution at the base of the food web can act to reduce mercury
concentrations entering the food web, and growth dilution of
mercury at consumer trophic levels can act to reduce the realized
biomagnification rate of mercury. In these tropical lakes the highest
mercury concentrations in fish were observed in the lakes with
the lowest phytoplankton biomass (and often the lowest mercury
concentrations in water). These results may demonstrate the critical
role of lake trophic status in modifying bioaccumulation and
biomagnifications rates in food webs.

TS16-P18
DYNAMICS OF MERCURY RELEASE IN FLOODED SOILS
FROM OAK RIDGE, TENNESSEE
1

1

2

POULIN, Brett A. , AIKEN, George R. , RYAN, Joseph N. , NAGY,
3
Kathryn L.
(1) United States Geological Survey, poulinbrett@gmail.com; (2)
University of Colorado at Boulder; (3) University of Illinois at Chicago.
Mercury transport from contaminated East Fork Poplar Creek
floodplain soils in Oak Ridge, TN contributes to downstream
mercury pools available for methylation, but the environmental
controls of soil-to-stream mercury release are not well understood.
Factors such as fluctuations in soil redox status, soil geochemistry,
dissolved organic matter and mineral colloids likely control
the mobilization and subsequent transport of mercury from
contaminated soils to nearby streams. In this study, mercury release
was assessed from two Oak Ridge soils, a stream bank site and a
floodplain site. Soil characterization of each site included total
mercury concentration, mercury physiochemical speciation via
selective sequential extraction, organic matter content, elemental
composition, cation exchange capacity, and soil mineralogy.
Undisturbed, intact soil cores were collected at the sample sites from
the O/A (0-30 cm depth) and subsurface B (35-65 cm depth) soil
horizons. In the laboratory, soil cores were flooded with deionized
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water. To simulate the effects of a fluctuating water table, flooded
cores were drained, allowed to dry for 7 d, and subjected to second
and third flooding events. During flooding events, which lasted a
period of 21 d, porewater was sampled at 6-48 h intervals. Porewater
analyses included pH, total dissolved mercury (0.2 μm-filtered),
total dissolved iron, dissolved iron(II), dissolved sulfate and
sulfide, dissolved organic carbon (DOC), DOC specific ultraviolet
absorbance, and colloid characterization. Analysis of porewater
colloids included elemental and mineralogical composition,
morphology, and size. Soil characterization data identified
significant differences between the two sample sites including total
mercury concentration, mercury speciation, and organic matter
content. Our results aim to identify the dominant source(s) of the
mobile soil mercury pool by comparing mercury release dynamics
(in soil cores) between sample sites and soil horizons. Under
reducing conditions, we observed a relationship between changes
in soil geochemistry and the subsequent effect on porewater
composition and mercury release. Data from second and third
flooding events showed evidence of mercury desorption, diffusion,
and precipitation dynamics driven by a fluctuating water table.

TS5-P13
ARCHIVED FISH REVEAL HG BIOMAGNIFICATION
TRENDS IN THREE LARGE LAKES DURING THE 20TH
CENTURY
1

1

POULOPOULOS, John , CAMPBELL, Linda M
(1) Queen’s University, 5jp37@queensu.ca

In the Great Lakes region, scientific consensus is that fish Hg
concentrations were generally greatest in the mid-20th century,
when anthropogenic Hg emissions peaked. However, most
monitoring programs began in the 1970s, and there are few records
of pre-1970s fish Hg concentrations with which to determine earlier
contamination levels. We used archived ichthyology collections
from museums to measure concentrations in fish captured as early
as the 1920s, long before the presumed peak in contamination. Our
study lakes, Lakes Nipigon, Simcoe and Champlain, are among
2
the largest inland lakes in the region (744-4848 km ) and range
from remote to urban. For each lake, we collected fish from many
trophic levels in both historical (1920s-60s) and modern (2006-7)
time periods. We measured stable C and N isotopes to determine
food web structure, and related these to Hg concentrations. Using
results from a separate study, we applied correction factors to the
data to account for tissue preservation effects. We determined the
15
historical and modern Hg vs. δ N regressions of Lake Nipigon had
the same slopes, as did those of Lake Champlain. This indicates
long-term stability in the biomagnification rate of Hg. Correlations
15
between Hg and δ N in historical and modern Lake Simcoe food
webs were not significant, possibly due to small sample size. In both
Lakes Simcoe and Champlain, historical fish tended to have higher
Hg concentrations than modern ones. This is consistent with the
declines in fish Hg concentrations observed in urban or semi-urban
areas throughout the Great Lakes region in recent decades. In
contrast, historical and modern Hg concentrations in Lake Nipigon
broadly overlapped, as expected for this remote and relatively
unimpacted lake. Our results provide a historical target for Hg
abatement efforts throughout the Great Lakes region, and highlight
the power of retrospective analyses using archival material.
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FS3-O1
NORTH AMERICAN ATMOSPHERIC MERCURY
SPECIATION NETWORKS: USING HIGH QUALITY DATA
FOR MULTIPURPOSE ANALYSIS
1

2

3

PRESTBO, Eric , GAY, David , SCHMELTZ, David , BLANCHARD,
4
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Pierrette , TORDON, Robert , OLSON, Mark , SHARAC, Timothy ,
2
BERGERHOUSE, Thomas
(1) Tekran Research & Development, eprestbo@tekran.com; (2)
University of Illinois; (3) U.S. Environmental Protection Agency; (4)
Environment Canada.
The Canadian Atmospheric Mercury Measurement Network
(CAMNet) and the Mercury Deposition Network (MDN) of
the National Atmospheric Deposition Program (NADP) were
both established in 1996 for the measurement of total gaseous
mercury and mercury wet-deposition, respectively. While these
networks offer important long-term monitoring data, a lack of
scientific information on atmospheric mercury species, as well
as limited coverage over various geographic scales has resulted
in gaps with regard to mercury atmospheric fate and transport
and total (wet + dry) mercury deposition across North America.
Over the past several years, NADP and Environment Canada have
worked to remedy the situation. In Canada, atmospheric mercury
measurements have been folded into the larger CAPMoN program.
In the United States, the Atmospheric Mercury Network (AMNet)
has been established by the NADP as a new coordinated and
standardized network. Under AMNet, U.S. and Canadian agencies,
along with the academic research community, industry, and others
are coordinating to monitor the three atmospheric mercury species
that contribute to dry deposition - gaseous oxidized mercury
(GOM), particulate-bound mercury (PBM2.5), and gaseous
elemental mercury (GEM). With the development of AMNet,
joint cooperation between U.S. and Canadian scientists has led to
a more cohesive network of standardized, full mercury speciation
measurements based on harmonized methods for field operations,
data management and quality assurance. As an introduction to
Special Session, S3, we will present: 1) an overview of the networks,
2) summary atmospheric mercury speciation data, 3) a comparative
analysis of sites receiving different air mass types and 4) an approach
for the estimation of mercury dry deposition on a network wide
basis.

RS3-P12
AN ANALYSIS OF CO-LOCATED ATMOSPHERIC MERCURY
SPECIATION DATA FROM AMNET
2

3

PRESTBO, Eric1, GAY, David , EDGERTON, Eric , LUKE,
4
4
5
6
Winston , KELLEY, Paul , FELTON, Dirk , HOLSEN, Thomas ,
6
7
HUANG, Jiaoyan , CHOI, Hyun-Deok
(1) Tekran Research & Development, eprestbo@tekran.com; (2)
University of Illinois; (3) Atmospheric Research & Analysis; (4) NOAA
Air Resources Laboratory; (5) New York Department of Enviromental
Conservation; (6) Clarkson University; (7) National Institute of
Aerospace.
Atmospheric mercury speciation measurements are being made
and reported on-line as part of the new Atmospheric Mercury
Network (AMNet). It is easy to overlook that mercury is the only
atmospheric constituent routinely and continuously measured at
the part per quadrillion level (ppqv, mixing ratio). Typical values
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range from a few hundred ppqv for gaseous elemental mercury
(GEM) to 0.5 to 10 ppqv for gaseous oxidized mercury (GOM)
and particulate-bound mercury (PBM). For contrast, background
ozone concentrations are roughly 30 million times higher than
average GOM concentrations. Because of the exceedingly low
atmospheric mercury species concentrations, it is technically very
difficult to generate and deliver stable and traceable standards to
the inlet of automated measurement systems for quality assurance
and calibration purposes. Thus, quality assurance has normally
consisted of 1) routine automated internal calibration of the
detector with a traceable elemental mercury permeation source, 2)
manual injections of elemental mercury at locations upstream of
the detector and 3) direct intercomparisons of measurements with
two or more instruments over a short time period. Both manual
injections and direct intercomparisons are done infrequently and
few are reported in the literature. Fortunately, within AMNet, there
have been 4 sites where two instruments have been co-located for
an extended period of time and operating under harmonized and
well-defined standard operating procedures. At several sites, the
co-located instruments are normally run asynchronously to get
hourly GEM, GOM and PBM with no data gaps. However, there are
periods over the course of time where the instruments are operated
synchronously. A statistical analysis of co-located, synchronous
atmospheric mercury speciation data will be presented in order
to quantify the uncertainty of the measurements. Additionally, a
summary of historical atmospheric mercury speciation quality
assurance data will be shown and compared to the results of this
study.

TS16-O6
SOLID-PHASE REACTIVE MATERIALS FOR
THE STABILIZATION OF MERCURY IN FLUVIAL
ENVIRONMENTS
1
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PTACEK, Carol J. , BLOWES, David W. , DAUGHERTY, Shannon
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TORDIFF, James , LIU, Peng , LINDSAY, Matthew B.J. , LANDIS,
2
2
2
Richard C. , DYER, James A. , GROSSO, Nancy R. , BERTI, William
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R.
(1) University of Waterloo, ptacek@uwaterloo.ca; (2) DuPont Co.
The addition of solid-phase reactive materials has the potential
to modify (bio)geochemical conditions within watersheds and
thereby reduce contaminant fluxes and lessen biotic exposure.
This study evaluates the effectiveness of solid-phase reactive media
for stabilizing Hg in fluvial environments. Potential applications
include use of reactive materials in sediment caps, as floodplain
amendments, in permeable reactive barriers and in flow-through
treatment systems. The reactive media selected for evaluation
included a range of carbon-based adsorbents, clays and organicallymodified clays, complexing agents and strong reductants.
Laboratory batch-style studies were conducted to evaluate Hg
uptake from river water by reaction with the solid-phase materials
under aerobic and anaerobic conditions. The observed removal of
Hg was variable, with reductions in concentrations ranging from
70 to > 99%. Sediment stabilization experiments were conducted
by blending Hg-containing river sediment with reactive media.
Aqueous concentrations of Hg were observed to decrease by 0 to >
99% relative to unamended controls. Aqueous Hg concentrations
-1
could be maintained in the low ng L range for extended times
within mixtures containing carbon-based adsorbents, organically
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modified clay and strong reductants. The influence of dynamic
flow conditions on Hg treatment was evaluated through a series
of column experiments. Reactive media was blended with
sediment and the column effluent was monitored to determine
changes in water chemistry as column flow rates varied. Effluent
-1
Hg concentrations were consistently < 50 ng L in the columns
containing sediment amended with organically modified clays and
strong reductants, independent of variations in flow velocity. In the
unamended sediment, effluent concentrations of Hg increased after
periods of stagnation. Field implementation of reactive media in a
river environment requires consideration of the interactions among
(bio)geochemical and hydrological processes.

MS18-P2
COMPARISON OF NATIONAL MERCURY RELEASE BY
UNEP TOOLKIT AND REAL MEASUREMENTS
1

1

1

PUDASAINEE, Deepak , SEO, Yong-Chil , JUNG, Seung-Jae ,
1
2
KIM, Jeong-Hun , PARK, Jung-Min , HONG, Ji-Hyung
(1) Yonsei University, S. Korea, deepu003@hotmail.com; (2) National
Institute of Environmental Research, S. Korea.
Mercury pollution is a global environmental problem. Mercury from
anthropogenic sources is released into the different environmental
media. Due to its toxicity, controlling mercury release from
anthropogenic sources has been prioritized worldwide. The broad
objective of this study was to have a national inventory of mercury
releases into all media (air, water, land, products, and wastes) in
order to develop regulatory and the management guideline in
Republic of Korea. Mercury release inventory was developed firstly
by using “United Nations Environmental Programme (UNEP)
Toolkit”. Secondly, emission into the atmosphere was estimated
based on the real measurements at the facilities in operation. Total
mercury release, release from each sectors and distribution into
air, water, land, impurity in products, general waste, sector specific
treatment/disposal were estimated. More than half of the mercury
was released into the air followed by sector specific waste treatment/
disposal, by-products and impurities, land, general waste, water.
The most important categories of mercury release were primary
metal production, waste incineration, extraction and use of fuels/
energy sources. Whereas contribution from other sources such
as production of other minerals and materials with mercury
impurities, consumer products with intentional use of mercury,
crematoria and cemeteries, production of recycled metals etc were
less.
Mercury emission into atmosphere from real facilities was estimated
with mass balance study. Emission factors and total emission
from each source types were estimated. The annual Hg emission
into the atmosphere for the year 2007 from major anthropogenic
sources ranged 6.5 to 20.2 tons, with average emission of 12.8 tons.
Annual mercury emission was contributed by thermal power plants
(26%), oil refineries (25%), cement kilns (21%), hospital/medical/
infectious waste incinerators (9%), iron manufacturing (7%), and
sludge incinerators (5%) other sources (crematory, pulp and paper
manufacturing, non ferrous metals manufacturing, and mobile
sources) was 7%. Further, total input of mercury and releases into all
media (air, water, land, products, and wastes) will be quantified and
its fate in the environment will be discussed.
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MG14-P26
AN EVALUATION OF THE POTENTIAL FOR JOINT
TOXICITY AND CUMULATIVE RISK FOLLOWING
COMBINED EXPOSURE TO MERCURY VAPOUR,
METHYLMERCURY AND LEAD.
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DOUMA, Stephanie , GRAVIERE, Julien , WILSON, Ross
(1) SNC-Lavalin Environment, colleen.purtill@snclavalin.com
0

Concurrent exposure to mercury vapour (Hg ), methylmercury
(MeHg) and lead (Pb) is occurring in the US population. Hg and
Pb were #3 and #2, respectively, on the 2007 list of substances at
Superfund Sites, ranked according to potential threat to human
0
health. Evidence for concurrent exposure to Hg , MeHg and Pb
was provided in the 2003-2004 National Health and Nutrition
Examination Suvey (NHANES) conducted under the US National
Centre for Health Statistics (NCHS). These data indicated the
simultaneous presence of Hg in urine, MeHg and inorganic Hg
in blood, and Pb in blood for a total of 1,008 survey participants.
Using population weighting factors provided by the NCHS these
1,008 participants represented over 120 million members of the US
population, which suggests approximately one-third of Americans
0
were concurrently exposed to Pb, MeHg and Hg .
A detailed review of the toxicokinetic and toxicodynamic
characteristics of these substances was conducted. This review
focused on the potential for joint toxicity following combined
0
exposures to Hg , MeHg, and Pb. Similarities were observed
for the absorption, distribution, transformation and storage
characteristics for these substances. Similar targets for neurological
effects were also identified for combinations of these substances,
including: stimulus evoked CNS and PNS activity; neurotransmitter
release; and neuronal damage/apoptosis as a result of oxidative
stress (generation of reactive oxygen and nitrogen species),
alterations in calcium homeostasis, alterations in excitatory
amino acids (glutamate), and lipid peroxidation. Several studies
reported that both MeHg and Pb adversely affected significant
stages of neurodevelopment, including neuronal differentiation,
synaptogenesis and planned apoptosis.
0

Given the ubiquitous nature of Hg , MeHg and Pb and indications
of potential joint toxicity, guidance provided by the ATSDR for the
assessment of chemical mixtures was used to determine potential
risks associated with concurrent US exposure (i.e., NHANES data)
to these metals. Hazard Index values, representing the sum of
Hazard Quotients for each substance, >1 were estimated for over
120 million Americans. The Hazard Index should not exceed a
value of 1 to be reasonably guaranteed of public health protection.
It is noted that these risk estimates were based on measured levels
of Hg and Pb in the urine and/or blood and therefore the margin
of safety generally afforded by the conservative nature of exposure
assumptions in human health risk assessment does not apply to
these risk estimates.

RG1-P1
ANALYSIS OF MERCURY IN DIFFICULT DISCHARGES
1

PURVES, William
(1)Mercury One LTD, wpurves330@gmail.com
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Abstract:
The analysis of mercury at the part per trillion level has become
a challenge that most laboratories and field operations would
like to avoid. At Mercury One part per trillion level analysis has
become routine in the laboratory. Though analysis seems simple,
sample preparation has become a major part of the challenge o9f
generati8ng accurate data. The two methods that are currently
utilized in the laboratory for the analysis of mercury have accuracy
issues that are not fully understood by the average laboratory. The
fluorescent process that is currently sited in each of the methods
discussed in this paper is relatively accurate as long as samples are
relatively clean.
However, 65% of the samples received at Mercury One do not
fit this category. Method 1631E and 245.7 have unique digestion
and purging processes that do not always generate accurate data.
Poor data generation can directly affect treatment and removal
of mercury from discharges. Modifications to the digestion and
purging process in the current methods have been developed
by Mercury One to help the laboratory generate more accurate
data. These changes discussed in this paper have assisted in the
development of a treatment system that is effectively reducing some
difficult discharges from and average 5 ug/L discharge to less than 5
ng/L discharge.
Results and Conclusion
One of the key components to determining accuracy when
analyzing mercury samples is spiking and spike recoveries. Mercury
One has the only ultra low level instrument that allows the analyst
to see the mercury vapor evolve in real time. The evaluation of real
time data as well as interference data has evolved into digestion and
analysis procedures that work for 99% of the samples received by
Mercury One. The results have also helped in the development of a
very effective treatment system that is removing more than 99.9%
of the mercury in a very difficult discharge. The real time evolution
of the mercury vapor found issues with the discharge that were
corrected by adjustments in the removal process that resulted in an
effective treatment system removing mercury to less than 5 ng/L.

RG1-P23
DIRECT DETERMINATION OF TOTAL MERCURY
CONCENTRATIONS IN FOREST DITCH AND PEAT WATER
SAMPLES USING CV-ICP-MS TECHNIQUE
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(1) Finnish Forest Research Institute, University of Oulu, heidi.
pyhtila@metla.fi; (2) University of Oulu; (3) Finnish Forest Research
Institute; (4) University of Helsinki.
The aim of this study was to determine total mercury (Hg)
concentrations directly from natural water samples using cold
vapor inductively coupled plasma mass spectrometry (CV-ICPMS). Sampling was performed in eight drained peatland forest
catchments located in eastern Finland. Six of the catchments had
been harvested using whole-tree harvesting (including removal
of stumps) or stem-only harvesting method. Water samples were
collected from ditches in each area. In addition, peat water samples
were collected from pools of standing water, which had formed after
stump lifting.
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In the method studied, Hg was not preconcentrated and the analyses
were performed from non-filtered water samples to avoid the
possible contamination and analyte losses during filtration. Samples
were preserved and oxidized with bromine monochloride (BrCl)
2+
solution to convert all Hg species into ionic form (Hg ). In the
CV-ICP-MS method the sample is mixed on-line with a reducing
2+
0
agent (SnCl2) subsequently transforming Hg to volatile Hg that
is carried using argon flow to the plasma and detected by mass
spectrometer.
Samples analyzed in this study contained significant amounts of
-1
dissolved organic matter (10 - 100 mg DOC L ) which is known
to interact strongly with Hg. The organic matter was observed to
have an effect on the oxidation efficiency of BrCl in the sample
pretreatment step and on the analyte signal during measurements.
The causes of matrix effects were investigated to understand better
the behavior of Hg in our samples. Based on our results, the CVICP-MS method appears to be suitable for determining low Hg
concentrations directly from natural water samples.

RS1-P7
ATMOSPHERIC SPECIATED MERCURY
CONCENTRATIONS AT URBAN STATION IN ZABRZE,
POLAND
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PYTA, Halina , PAWLOWSKI, Marek
(1) Institute of Environmental Engineering of the Polish Academy of
Sciences, pyta@ipis.zabrze.pl; (2) TSI Sp. z o.o.
Mercury exists in the air mainly as a gaseous elemental mercury
2+
(Hg0) with minor amounts of divalent reactive gaseous (Hg )
and particle-bound mercury (Hgp). The different physicochemical
properties of atmospheric mercury define its tate in the
environment. Measurements of atmospheric mercury species have
been made in different parts of the world, but significant gaps in
description of mercury transport and chemical conversion still exist,
particularly in the complex urban environment.
The study presents the initial results of the measurements of
0
2+
atmospheric mercury speciation (Hg , Hg , Hgp bound with PM2.5)
in Zabrze obtained in winter season 2010/2011. Zabrze is a city
(ca. 190,000 inhabitants) in Upper Silesia Agglomeration, the most
industrialized part of southern Poland. The air was sampled from
the roof of the two-storey building of Institute of Environmental
Engineering of the Polish Academy of Sciences. The measurements
were performed using Tekran Model 2537A together with a Model
2+
1130 Speciation Unit and a Model 1135 Hgp Unit. Hg is captured
in the Model 1130 (KCl-coated denuder), while Hgp is trapped onto
0
a regenerable filter inside the Model 1135. Hg remaining in the
air stream is then directed into the Model 2537A analyzer and
detected using Cold Vapour Atomic Fluorescence Spectrometry.
After sampling, 1130 and 1135 Units are flushed with zero air and
2+
Hg and Hgp are sequentially thermodesorbed and analyzed. The
0
-3
concentrations of Hg (5-minutes data) were from 1 to 22 ng m ,
-3
2+
with 3,2 ng m as a mean value. Hg concentrations (1-hour) varied
-3
-3
from 0,7 to 700 pg m , a mean was 31 pg m . The concentrations
-3
-3
of Hgp (1-hour) ranged from about 6 pg m to 1,5 ng m , on
-3
0
average 90 pg m . While the concentrations of Hg did not diverge
generally from the levels recorded in urban and industrial areas in
Western Europe and Northern America, the concentrations of two
remaining Hg species, that can be considered as results of hard coal
combustion and coking processes, were distinctly higher.
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RS1-P6
THE BACKGROUND CONCENTRATIONS OF TOTAL
GASEOUS MERCURY IN AMBIENT AIR IN
POLAND
1

PYTA, Halina
(1) Institute of Environmental Engineering of the Polish Academy of
Sciences, pyta@ipis.zabrze.pl
In Poland there are four regional background stations that monitor
concentrations of total gaseous mercury (TGM). At one of them
the measurements are taken periodically with manual sampling.
At three remaining stations they are conducted continuously by
applying the automatic method. The study presents the results
of TGM monitoring recorded at the last three stations. These
stations work within the air monitoring network of Inspection
for Environmental Protection. One of the stations is situated in a
village Granica in east-central Poland, 40 km to the west of Warsaw.
It lies within Kampinos Forest. The second station is located in
a village Zielonka in northern Poland, over 90 km to the southwest of Gdańsk, in the area of Tuchola Forest. The third station is
situated near a village Zloty Potok within Eagles’ Nests Landscape
Park (Czestochowa County) in southern Poland. It lies 40 km to
the north of Upper Silesia Agglomeration, the most industrialized
region of Poland.
TGM was measured between January and December 2010 using a
Tekran 2537A. The hourly average concentration of TGM (as well
-3
as minimum and maximum) was 1.53 (0.8-3.9) ngm in Granica,
-3
-3
1.69 (0.7-8.4) ngm in Zielonka and 2.00 (0.7-18.2) ngm in Zloty
Potok. An average concentrations at the station in Granica and
Zielonka were within the range of the global TGM background
-3
concentrations (1.5-1.8 ngm ). Higher concentrations in Zloty Potok
were caused by the advection of mercury from industrial sources
of Czestochowa and Upper Silesia. All higher concentrations (>8
-3
ngm ) were observed in Zloty Potok between 1:00 and 7:00 CET.
Seasonal distribution of TGM concentrations was smooth, typical
for background conditions, particularly in Granica. In winter
the concentrations were the highest, in summer they were the
lowest (except Zielonka – the lowest concentrations were noticed
in autumn). In spring and autumn the distribution of TGM
concentrations was similar.

MG6-O5
MERCURY POLLUTION IN MERCURY MINING AREAS IN
CHINA
1

QIU, Guangle
(1) Institute of Geochemistry, Chinese Academy of Sciences,
qiuguangle@vip.skleg.cn
Cinnabar ore reserves in China ranks the third largest and most
of Hg mines in the region currently abandoned because of the
increasing environmental issue. The primary concern on Hg
mines is the biological accumulation of Hg in local environmental
compartments, namely the conversion from inorganic to organic
Hg, such as methylmercury (MeHg). Approximately 10 abandoned
Hg mines as well as a living Hg mine, distributed over 5 provinces
were selected for investigation of total mercury (THg) and
MeHg in soil, surface water, and vegetations. Atmospheric Hg
concentrations (TGM) in ambient air in those Hg mining areas
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+

were also investigated with Tekran 2537A and Lumex RA915 . By
202
++
198
+
adding isotope of Hg and Me Hg , the rate of Hg methylation/
demethylation in paddy soil and surface water were calculated. The
preliminary results indicated that high MeHg concentrations (up
-1
to 20 μg kg ) were observed in paddy soil, exhibiting a high rate
of Hg methylation/demethylation (kd value ranged from 0.13×10
3
-3 -1
to 0.83×10 d ). The rice plant could uptake and accumulate
-1
high levels of MeHg (up to 170 μg kg ) its edible part. Though Hg
mines abandoned 10 years, mine tailing were still as the dominant
emission source of atmospheric Hg in ambient air.

MG4A-O3
QUANTIFYING UNCERTAINTIES IN THE GLOBAL
MULTIMEDIA MASS BALANCE OF MERCURY
1

2

QURESHI, Asif , MACLEOD, Matthew , HUNGERBÜHLER,
1
Konrad
(1) ETH Zürich, asif.qureshi@chem.ethz.ch (2) Stockholm University
It is widely acknowledged that there are large uncertainties in our
understanding of the global mercury cycle. However, uncertainty
analysis of current global-scale models for mercury (e.g., CTM-Hg,
GRAHM, ECHMERIT, GEOS-Chem) has not been conducted.
This is likely because of the heavy computational costs associated
with modeling the atmospheric chemistry and transport of mercury
using these models. In this work we use a multimedia modeling
approach to estimate the uncertainties in the global mass balance
(fluxes, concentrations and inventories) of mercury in active
circulation in air, oceans, soil and vegetation. A new spatiallyresolved, descriptive multimedia model was developed to explicitly
describe mercury cycling in the environment and a Monte Carlo
uncertainty analysis conducted on its unit-world variant which has
high computational efficiency (25,000 simulations in < 8 hours on
a desktop computer). This efficiency is achieved by representing
all processes as pseudo-first order, and by modeling atmospheric
chemistry of mercury using species concentration ratios. Results
from our modeling agree well with observations and with results
from the above listed chemistry-transport models. We find that
the 95% confidence level in the modeled atmospheric deposition
varies within a factor ~36-45; modeled residence time of mercury
in the atmosphere varies within a factor of about 10. We further
identify a limited number of model input parameters whose
uncertainties contribute most to the uncertainties in the global
mercury cycling. Processes described by these parameters are: (i)
reduction and oxidation reactions in surface oceans and the amount
of reducible mercury present in surface oceans (up to 50% or
more contribution to the uncertainty in many model outputs); (ii)
mercury interconversion reactions in the atmosphere (up to 20%
contribution to the uncertainty in some outputs); (iii) mercury mass
transfer processes (up to 10-30% contribution in some outputs);
and (iv) vegetation characteristics (mostly influencing the mercury
exchange between air and land surface). Uncertainties in these four
processes contribute more than uncertainties in anthropogenic
emissions, which only contribute 10% or less to the uncertainties in
many model outputs. We therefore recommend that more research
is directed towards a better representation of the above identified
four processes.
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RS13-P2
CAN MERCURY BE USED AS GLOBAL INDICATORS
FOR THE TRANS-BOUNDARY WATERS ASSESSMENT
PROGRAMME ? (TWAP)
1

1

1

BOWIE, Deborah , RAGONE, Alba , KEENAN, Helen. E
(1) University of Strathclyde, alba.ragone@strath.ac.uk

Can Mercury be used as global indicators for the Trans-boundary
Waters Assessment Programme ? (TWAP)
The basis of this project was to collect research data for Mercury,
from the sixty-four Large Marine Ecosystems (LMEs), as well as
from Open Oceans; the data for integration can be found in global
database archives-environment monitoring programmes, such as
government organisations, non-government organization, scientific
reports and articles. The need to collect data on Mercury Pollution
from Anthropogenic and Natural sources is required for establishing
baselines and global trends in Large Marine Ecosystems and Open
Oceans. Research indicates that Pollution is often trans-boundary
as hydrological inter-linkages between River basins, Marine
Ecosystems, and the Atmosphere have resulted in effects far away
from the sources of emission. Pollution caused by Anthropogenic
sources is of global concern and it is believed that population
growth, mobility and an increasing need for goods and services,
exacerbated Mercury pollution effects in a global scale. Mercury
has the potential as a global indicator in the Trans-boundary
Assessment Programme, however, further developments in data are
necessary.

TS17-O11
MULTIMEDIA MEASUREMENTS OF MERCURY AND
OTHER TOXIC METALS IN A SMALL-SCALE GOLD MINING
COMMUNITY IN NORTHEAST GHANA
1

2

2

RAJAEE, Mozhgon , YEE, Allison K. , LEETH, Aimee N. ,
2
3
1
MANIGAULT III, Douglas F. , RENNE, Elisha P. , BASU, Niladri
(1) Department of Environmental Health Sciences, University of
Michigan, School of Public Health, Ann Arbor, MI, USA, mrajae@
umich.edu; (2) College of Literature, Sciences, and the Arts, University
of Michigan, Ann Arbor, MI, USA; (3) Department of Anthropology,
University of Michigan, Ann Arbor, MI, USA.
It is well established that residents of small-scale gold mining
communities are exposed to potentially harmful levels of mercury,
but few have integrated mercury measurements across multiple
media and little is known about exposures to other potentially toxic
metals that may be released during mining. During the summers
of 2009 and 2010, we conducted field research in a small-scale gold
mining community in Ghana’s Upper East Region. Our studies
focused on women of childbearing age (n=91), children under five
(n=11), and miners (n=120), as these are three groups who are
exceptionally vulnerable to mercury exposure and toxicity. From
each participant we obtained hair, urine, and survey information
concerning demographics, diet and fish consumption, health
status, and occupation. For many we also collected information
on household location (particularly in relation to mining sites),
drinking water, yard soil and data from a personal air monitor.
From the at-large community, we obtained samples of fish, water,
and soil. We also took geographic coordinates of households,
mining activities, and ecological samples, and mapped these data
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with Esri’s ArcGIS software. Mercury levels are being measured in
all samples, and in a subset of miners we measured exposures to
11 other metals. Several results are of note. More than one-fifth of
miners had moderately high levels of urinary mercury (>10 μg/L),
and in a subset of 57 male miners we found that 10-40% of the
participants had urinary chromium, arsenic, aluminum, copper,
manganese, nickel, selenium, and zinc that fell outside reference
range values. Women of CBA in the mining community had
elevated levels of urinary (7.74 ± 37 μg/L, n=86) and hair (1.7 ± 10.3
mg/L, n=80) mercury. Preliminary stream sediment samples (n=6)
and household yard soil samples (n=7) had total mercury levels of
28.0 ± 12.3 μg/kg and 3323.8 ± 4414.9 μg/kg, respectively. We are
currently assembling data from all other media and will present
a multimedia assessment of mercury exposure and make use of
GIS-derived maps to document spatial trends. In general, our data
show elevated mercury levels in human biomarkers and ecological
samples throughout the community, regardless of individual use of
or involvement with mercury.

MS11-P9
EFFECTS OF ENVIRONMENTAL SELENIUM ON
BIOACCUMULATION OF MERCURY IN RIVER AND
STREAM FISH FROM THE WESTERN UNITED STATES
1

2

1

RALSTON, Nicholas , PETERSON, Spencer , RALSTON, Carla ,
1
RAYMOND, Laura
(1) University of North Dakota, nralston@undeerc.org (2) U.S. E.P.A.
(retired)
The environmental availability of selenium (Se) must be
considered when assessing mercury (Hg) bioaccumulation in
aquatic ecosystems. High Hg–Se binding affinities result in the
formation of insoluble mercury selenide (HgSe), potentially
explaining the . inverse relationships between Se availability and Hg
bioaccumulation that have been noted in previous studies of Hg-Se
interactions in lake fish.
The purpose of this study was to examine the influence of
environmental Se on Hg bioaccumulation in fish from rivers and
streams in the western United States. Since tissue Se content reliably
reflects dietary Se intake, fish Se was used to indicate environmental
Se availability. We hypothesized that formation of HgSe in tissues
of prey animals would limit uptake of Hg by predators. Therefore,
we expected increased availability of Se in the food web to be
accompanied by diminished Hg bioaccumulation in fish tissue. To
test this hypothesis, 15 species of fish were collected from 130 sites
across the western United States (total n = 659), and whole body
Hg and Se contents were analyzed and evaluated in relation to fish
weight and length.
We found significant inverse relationships between Hg and Se in
three piscivorous species (northern pike, northern pikeminnow,
and walleye) and four nonpiscivorous species (common carp,
white sucker, shorthead redhorse, and black bullhead). Mercury
occurred in molar excess of Se in only 13 of 659 fish, primarily
northern pikeminnows. Only six of the fish in this study exceeded
the methylmercury water quality criterion. As expected, molar
Hg:Se ratios in the fish increased significantly with increasing
weight and length in all piscivores studied (northern pike, northern
pikeminnow, walleye, and smallmouth bass) as well as in five
nonpiscivores (common carp, white sucker, shorthead redhorse,
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largescale sucker, and brown trout). However, Hg:Se molar ratios in
excess of equimolar stoichiometries appear unlikely to occur except
in locales directly influenced by point source emissions.
In summary, our findings support the hypothesis that Se availability
is inversely related to Hg bioaccumulation in freshwater fish from
rivers and streams. In certain fish species such as walleye, the
influence of Se availability on total body Hg in fish was greater than
the influence of size. It appears likely that poor Se availability may
be a major influence on Hg “hot spots” that are often observed in
low-Se regions.

FS15-O8
PHYSIOLOGICAL AND ENVIRONMENTAL IMPLICATIONS
OF MERCURY-SELENIUM INTERACTIONS-THE
1

RALSTON, Nicholas
(1) University of North Dakota, nralston@undeerc.org
Selenium (Se) is an essential trace element required at the active
sites of enzymes that protect the brains of all higher organisms from
-45
oxidative damage. Mercury (Hg) binds to Se with affinities (Kd 10 )
-39
a million times greater than Hg’s affinity for sulfur (Kd 10 ). As a
result, Hg and methylmercury (MeHg) become increasingly potent
neurotoxicants as their tissue concentrations approach those of Se
(~1μM). MeHg covalently binds to the Se present at selenoenzyme
active sites. Therefore, MeHg is, by biochemical definition, a highly
specific irreversible inhibitor of selenoenzymes. When Se is available
to replace Se lost to binding with MeHg, no increase in oxidative
damage occurs. However, if the rate of Se-sequestration by MeHg
exceeds the rate of dietary Se replacement, increased oxidative
damage and other effects occur due to loss of selenoenzyme
activities.
The intracellular abundance sulfur is >100,000 fold greater than
that of Se, so binding to sulfur is kinetically favored. However,
intracellular thiols are constantly acted upon by selenoenzymes.
Since the Se in the active sites of these enzymes is the most
potent intracellular nucleophile, Hg that is initially bound to
thiols inexorably transfers to Se. Physiological and environmental
interactions between Hg and Se reflect the reciprocal effects these
elements have on each other’s abundance:
Physiological interactions involve Hg-dependent Se-retirement.
These occur through irreversible inhibition of selenoenzymes and
secondary mechanisms due to loss of selenoenzyme functions.
Therefore, toxicity of MeHg is accentuated when Se status is poor,
but diminished when Se status is enriched.
Environmental interactions involve Se-dependent Hg-retirement.
These effects occur through food chain mechanisms related to
formation of HgSe in the tissues of prey species that is poorly
absorbed by predators. Therefore, Hg bioaccumulation is enhanced
in freshwater fish from regions with low-Se status and diminished in
fish from regions with enriched environmental Se availability.
In summation, MeHg risk criteria need to consider dietary Se
and Hg:Se molar ratios present in fish to accurately assess risks
vs. benefits of maternal fish consumption by humans and wildlife.
Regulatory policies that ignore the importance of Se in brain
physiology and overlook the pivotal role of Se in the Hg issue may
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fail to adequately protect the public. Improved public health policies
will require clear understanding of Hg-Se biochemical interactions
and their physiological and environmental implications.

MS11-O9
METHYLMERCURY EXPOSURE ALTERS PITCH AND
COMPLEXITY OF LEARNED SONGS IN THE ZEBRA FINCH
1

1

RAMOS, Claire W. Varian , SHERIDAN, Ellie R. , CRISTOL, Daniel
1
1
A. , SWADDLE, John P.
(1) College of William and Mary, cwramos@wm.edu
Methylmercury is a potent neurotoxin causing numerous
neurological symptoms. Methylmercury can pass through the
blood-brain barrier and the placenta and has higher toxicity
during early development. Prenatal methylmercury exposure has
been correlated with adverse effects in complex behaviors such as
language skills and memory. A recent model system that is being
used to study the neurological development of a complex behavior
is song learning in the zebra finch (Taeniopygia guttata). In addition
to humans, songbirds are one of only a few vertebrate groups that
learn their vocalizations. The process of vocal learning is analogous
in songbirds and humans, with similar timing, required inputs,
and even similar genes involved. Because of these similarities,
songbirds, and zebra finches in particular, have recently become a
model system for studying speech learning in humans. In addition,
mercury contamination in the field has been shown to correlate
with aberrant song in three songbird species that learn their song
but not in a species with innate song. We used a dosing experiment
with environmentally relevant mercury exposures to investigate the
effects of methylmercury exposure on birdsong in the lab. Pairs of
zebra finches were exposed to methylmercury at a constant level
in the diet and allowed to raise offspring normally. Male offspring
exposed to methylmercury prenatally through the maternal diet
and postnatally through juvenile diet produced significantly
different songs than those raised on a control diet. Exposed males
sing significantly less complex and lower pitched songs than
control males. This study demonstrates a developmental effect of
methylmercury on a complex behavior and opens the door to a
study of the mechanisms through which mercury affects behavior in
this model system.

biological, geological and anthropogenic environmental processes.
It is believed that the associated Hg contamination in aquatic
systems can be decreased by imposing effective management and
monitoring strategies of contaminated sediment. Environmental
project managers face several challenges in the management of
contaminated sediment sites, primarily due to the large volumes
of sediment that are typically involved. The complexities and high
costs associated with characterization and cleanup are magnified
by evolving regulatory requirements and the difficulties inherent
in tracking the contaminants in aquatic environments. Generally,
four basic options for remediation of contaminated sediments exist
for environmental project managers; they are: (1) Containment
in-place, (2) Treatment in-place, (3) Removal and containment, and
(4) Removal and treatment. Existing technologies for remediating
Hg-contaminated sites focus primarily on highly polluted areas, and
are not suitable for remediating vast, diffusely polluted sediment
areas where pollutants occur at relatively low concentrations. The
speciation of Hg, which concerns the identification and quantitation
of specific forms of Hg, is a critical determinant of its mobility,
reactivity, and potential bioavailability in Hg-impacted sedimentwater systems. Common Hg-contaminated sediment remediation
strategies include dredging, capping and natural attenuation. Since
each remedial action can result in a change in the physical, chemical
and biological conditions of the sediment, it is expected that the
speciation and transport properties of Hg might change as the result
of implementing a remedial action. However, the effectiveness of
such remediation practices has not been adequately assessed and
long-term reliability has not been proven. The aim of this poster is
to discuss the characterization, assessment, and approaches for the
cleanup of mercury contaminated sediments from past industrial
operations, contaminated rivers, lakes, swamps, coastal areas, and
gold and mercury mines. Case studies include characterization,
assessment, and remediation efforts made at Lavaca Bay, Texas,
Onondaga Lake in Syracuse, New York, Lake Turingen, Sweden,
Sulphur Banks Mercury Mine near Clear Lake, California, a
mercury cell chlor-alkali plant in the Southeastern U.S. and other
characterization and assessment efforts at the Nura River and Lake
Balkyldak in Kazakhstan.

TS16-P7
EVALUATION OF SELECTED SORPTION MATERIALS FOR
CAPPING MERCURY-CONTAMINATED FRESH WATER
SEDIMENTS

TS16-P6
MERCURY CONTAMINATED SEDIMENT SITES: A REVIEW
OF REMEDIAL SOLUTIONS

1

RANDALL, Paul
(1) USEPA, randall.paul@epa.gov

1

RANDALL, Paul
(1) USEPA, randall.paul@epa.gov
Mercury (Hg) can accumulate in sediment from point and nonpoint sources, depending on a number of physical, chemical,

WWW.MERCURY2011.ORG

Fate and transport of mercury (Hg) and methylmercury (MeHg)
within the aquatic environment involves many complex and
interconnected pathways. MeHg is formed mainly at the sedimentwater interface, just below which there is a transition from oxic
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to anoxic conditions. The formation of MeHg is mediated by the
complex interaction of inorganic Hg and microorganisms. Transport
of Hg and MeHg into the overlying water, particularly in lacustrine
environments, can be mitigated by the placement of a sediment
cap. Traditional caps are used as physical isolation barriers between
the source sediments and the sensitive ecological receptors of the
overlying aquatic ecosystem. Contaminant transport from source
sediments through a sediment cap and into the overlying water is
promoted by groundwater upwelling and processes that contribute
to sediment re-suspension, such as bioturbation and gas ebullition.
The function, capacity and longevity of traditional isolation caps
can be augmented through the strategic use of both permeability
control and reactive materials. Reactive capping materials, in
metals-impacted sediments, typically have high sorptive capacities,
hypothetically rendering the metals non-bioavailable and limiting
the transport of contaminants into overlying surface water. In the
case of Hg, a reactive cap with requisite sorptive characteristics can
also render the Hg non-bioavailable and thereby mitigate the rate
and extent of methylation.
The aim of this project is to characterize the extent of mercury
methylation under conditions simulating those at a mercurycontaminated superfund site in Alabama, both during baseline
(non-reactive capping) conditions and with the implementation of
reactive capping materials. In order to evaluate the performance
of each reactive capping material, a three-stage experimental study
was developed. The adsorption of Hg and MeHg onto the five
materials (bauxite, AquaBlok®, local soil, local dredged sediment,
and Ottawa sand as a control) was evaluated in Stage 1 (Sorption
Study). The ability of two candidate capping materials (local soil and
local dredge material) to inhibit the methylation of Hg relative to
the quantity of MeHg produced during the incubation conditions
was evaluated in Stage 2 (Incubation Study). The capacity of one
candidate capping material (local soil) to inhibit translocation of
Hg and MeHg with respect to ebullition-facilitated contaminant
transport was evaluated in Stage 3 (Column Study). This
presentation will report the results of this study.

TS10-P14
DESIGNING A PCR-KIT FOR DETECTION OF POTENTIAL
BACTERIA METHYLATING MERCURY
1

1

RANNEKLEV, Sissel Brit , REFSETH, Unn Hilde , VEITEBERG
1
1
BRAATEN, Hans Fredrik , LARSSEN, Thorjørn
(1) Norwegian institute for Water Research, SRA@niva.no
The key entry of Hg into the aquatic food web is through MeHg.
Anoxic sediments and wetlands are believed to be the parts of
the catchment where MeHg is produced, and the main factors
controlling Hg methylation is assumed to be: i) sulphate availability,
ii) organic matter availability, iii) temperature, iv) bioavailability of
mercury, and v) anoxic conditions.
It is generally believed that methylation is principally mediated
through sulphate (SRB) and iron reducing bacteria. Today Geobacter
sulfurreducens and Desulfovibrio desulfuricans are known bacteria
capable of mercury methylation. Unfortunately, the mechanisms
and parameters that control the methylation process in aquatic
environments are not well understood which may be due to
lack of adequate microbial tools. Today most of the studies done
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on methylation of bacteria are based on conventional growth
techniques using plate count and MPN techniques. With the
knowledge that about 98% percentages of bacteria in general are
non-culturable, it is obvious that the methylation process is not well
understood.
In this study a PCR-kit has been designed in order to detect
and enumerate species of Geobacter sp., Desulfovibrio sp., and
Desulfomicrobium sp. in environmental samples related to Hg
methylation. Pairs of primers were designed to amplify particular
target regions of the various species. Primer pairs and the particular
region to be amplified were selected from 2 to 23 previously known
sequences of the various species.
Presences of the potential methylation bacteria were determined
in lake sediments from oligotropic and dystrophic lakes. In the
dystrophic lake Langtjern, presence of Desulfovibrio sp. was
detected. Enumeration of Desulfovibrio sp. under spatial and
temporal variation in the sediment will be shown, reflecting the
dept, season, and redox potential, and with concurrently analyses of
MeHg in the sediments, Hg methylation hotspots can be detected.
Results will be discussed in view of the extensive work that recently
has been done on budget estimates of Hg/MeHg in the lake and
mercury accumulation in the food chain in the lake and streams in
the catchment.
In order to enlarge the numbers of potential methylation bacteria in
the PCR-kit, metagenomics focusing on the highly conserved 16S
rRNA gene is under progress to be performed on sediments from
Lake Langtjern.

RS15-P6
SELENIUM FROM OCEAN FISH PREVENTS
METHYLMERCURY TOXICITY
1

RAYMOND, Laura
(1) Energy & Environmental Research Center / UND, lraymond@
undeerc.org
Supplemental selenium (Se) has been known to counteract mercury
(Hg) toxicity since 1967, but the mechanisms of this effect have only
recently become clear. Methylmercury (MeHg) is a highly specific
irreversible inhibitor of Se-dependent enzymes (Se-enzymes).
Supplemental dietary Se replenishes Se lost to MeHg binding,
thereby maintaining normal Se-enzyme activities. Our prior animal
studies have shown that the normal range of dietary Se (as sodium
selenite) is effective in preventing MeHg toxicity. Since ocean fish
are among the richest sources of dietary Se, we hypothesized that
their Se contents would protect against the adverse effects expected
with MeHg exposures from seafood consumption. In this study, 120
weanling male Long Evans rats were fed low Se torula yeast based
diets for 5 weeks to deplete their tissue Se reserves. The diets were
then modified to contain either low or high MeHg (0.5 or 50 nmol
MeHg/g) and either sodium selenite (~0.1, 1.0, or 10 nmol Se/g) or
Se from delipidated protein isolates from bigeye tuna, swordfish,
or mako shark (3.5, 2.3, and 2.1 nmol/g respectively) added as 10%
of the total diet in place of an equivalent amount of torula yeast
protein; (2 Hg levels x 6 Se diets = 12 dietary treatments, 10 rats per
group). Contributions of additional MeHg in the tuna, swordfish,
and shark supplemented diets were 1.6, 2.3, and 3.6 nmol MeHg/g
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respectively. Rats fed high MeHg, low Se diets showed growth
inhibition after 4 weeks, and hind limb crossing after 9 weeks, with
brain GPx activity reduction to less than 30% of Se adequate levels.
Rats fed all other dietary treatments grew normally and did not
show symptoms of MeHg toxicity even though GPx activity in the
brains of rats fed Se deficient diets were reduced to less than 70% of
Se adequate levels. Isoprostane levels were ~4 fold higher in brains
of rats with MeHg impaired GPx activities. The results from this
study indicate that Se from the fish diets was effective in maintaining
adequate brain GPx levels and in preventing MeHg toxicity even
though the fish provided additional MeHg.

RG15-O3
MERCURY CONCENTRATIONS IN SUBTROPICAL
RESERVOIR FISH OF EASTERN CHINA
1

2

2

RAZAVI, N. Roxanna , QU, Mingzhi , ZHONG, Yang , REN,
2
1
1
Wenwei , WANG, Yuxiang , CAMPBELL, Linda M.
(1) Queen’s University, roxanne.razavi@queensu.ca; (2) Fudan
University.
China is the world’s largest emitter of mercury (Hg). As Hg
hotspots often occur in the vicinity of local sources, it is necessary
to investigate whether important Chinese inland fisheries reflect
these large Hg emissions. Fish culture in China occurs mainly in
reservoirs, ecosystems that are predisposed to high Hg accumulation
in the food web if seasonal fluctuations in water levels are frequent.
We examined the temporal Hg concentrations and food web
structure, using stable isotopes of carbon and nitrogen, of 25 fish
species from a large, oligo-mesotrophic reservoir to determine
Hg biomagnification in a food web of stocked and wild fish. Data
showed that 1) overall, fish have very low Hg concentrations,
especially in stocked species (e.g. Aristichthys nobilis and Carassius
auratus). Wild fish generally have double the Hg concentrations
compared to stocked fish, and two carnivorous wild species are
regularly above the Chinese consumption guidelines of 0.3 mg/kg
wet weight (Siniperca chuatsi and Silurus asotus); 2) overall fish Hg
concentrations were significantly related to trophic position (i.e.
delta 15-N) but not to organic matter pathway (i.e. delta 13-C); 3)
for almost all species, season did not have an effect on food web
position and Hg concentrations, except for two species with higher
Hg concentrations in the season that corresponded with their
higher delta 15-N value (Ictalarus punctatus – Fall; Pelteobagrus
fulvidraco – Spring); 3) no effect of an indicator of lipid to protein
ratio (C:N) was found on Hg among species, or within a species
between seasons; and 4) biomagnification of Hg, derived using
15
the log10[Hg]-δ N slope, was about 0.1. Though we observed
similar Hg concentrations for many reservoir species from other
regions of China, we believe species feeding preferences do lead
to important differences in Hg exposure for some fish. Differences
in biomagnification of Hg in reservoirs from other subtropical
regions will be evaluated and Hg concentrations compared to the
same species outside of China. This study finds Hg content in wild
Chinese fish can exceed consumption guidelines, despite very low
concentrations in most reservoir species.
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RG11-O6
MERCURY, SELENIUM, AND ARSENIC CONCENTRATIONS
IN FISH COLLECTED NEAR COAL-FIRED POWER PLANTS
ALONG THE OHIO RIVER: SPATIAL RELATIONSHIPS AND
FISH CONSUMPTION RISK CONSIDERATIONS
1

2

2

REASH, Robin , MERRITT, Karen , BROWN, Lauren ,
3
GOODRICH-MAHONEY, John
(1) American Electric Power, rjreash@aep.com; (2) Environ
International; (3) Electric Power Research Institute.
Recent monitoring of total Hg in fillets from sport fish collected
throughout the Ohio River by regulatory agencies has suggested
potential human health fish consumption concerns. To compliment
these existing data, skin-off fillet concentrations of total Hg, MeHg,
Se, and As were determined in samples from four species (channel
catfish, hybrid striped bass, sauger, freshwater drum) collected near
twelve coal-fired power plants. Fillet samples (mostly composite)
were analyzed by ICP-MS using EPA Method 1638 DRC (As, Se),
Method 1631 (total Hg), and Method 1630 (MeHg). A total of
47 samples were collected along a 556 river mile distance. Three
samples (one channel catfish, two freshwater drum) had MeHg
concentrations that exceeded U.S. EPA’s MeHg human health
criterion value of 0.3 mg/kg wet wt. The drum samples were from
older fish (ages 19+ to 21+), suggesting that consumption of very
large drum may be of regulatory concern. The percent of total Hg
as MeHg ranged from 66 to 100% for hybrid striped bass and from
76 to 100% for sauger. There were no evident longitudinal (spatial)
trends in fillet trace metal concentrations, suggesting relatively
similar bioaccumulation rates along the Ohio River. For all species
combined, there was no significant correlation between total Hg
and Se levels (P > 0.47). There was a significant positive correlation
(P < 0.001) between fillet Se concentration and selenium/mercury
molar ratio. These ratios exceeded 1.0 for all species evaluated.
For sauger and hyrbrid stiped bass, weight-standardized MeHg
content and Se content were significantly correlated (P < 0.001 for
sauger, P < 0.004 for hybrid striped bass). Several water chemistry
variables were evaluated as possible co-variants with MeHg tissue
concentrations in sauger and channel catfish; results of Principal
Components Analysis, however, indicated very little segregation of
MeHg levels among the water quality variables. We conclude that,
with the exception of very large, old freshwater drum, the levels of
total Hg and MeHg in fish collected near 12 power plant sites do not
constitute a fish consumption human health risk.

TG3-P12
A MULTI-MEDIA EVALUATION OF MERCURY LEVELS IN
ENVIRONMENTAL SAMPLES NEAR A 2,600 MW COALFIRED POWER PLANT IN SOUTHEASTERN OHIO, USA
1

REASH, Robin
(1) American Electric Power, rjreash@aep.com
The James M. Gavin coal-fired power plant (Gallia County, OH) has
two 1,300 MW generating units. Advanced air pollution control
equipment installed at the facility consists of a Selective Catalytic
Reaction (SCR) system for NOx control, and a magnesium-lime wet
flue gas desulfurization (FGD) system for SO2 control. The facility’s
waste streams discharge to the Ohio River and to Kyger Creek,
a tributary of the Ohio River. Annual Hg emissions (air stacks)
typically range between 170 – 350 kg/yr. A high Hg removal rate
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(coal to air stack) is typically observed (average = 90%), largely due
to high conversion efficiency of elemental to oxidized/particulate
Hg due to SCR operation. During 2004 – 2010, environmental
samples were collected to evaluate the potential contribution of
plant operations on near-field Hg enrichment. Lichen, fish, water,
and sediment samples were collected at proximal locations and
compared to reference site data. Composite samples of a lichen
species (Flavoparmelia caperata) were collected at reference
locations and sites near the power plant. The median concentration
of Hg in samples collected near the plant site (0.142 mg/kg dry wt.)
was somewhat lower than the median concentration for samples
collected at upwind reference sites (0.158 mg/kg). For analysis of
total Hg and MeHg in skin-off fillet samples, fish from two trophic
levels were collected in lower Kyger Creek and the Ohio River
during 2008 – 2010. A total of seven fish species were collected,
and the mean trophic level MeHg concentrations were 0.097 mg/
kg wet wt. (trophic level 3) and 0.121 mg/kg (trophic level 4). None
of the samples approached U.S. EPA’s MeHg human health fish
tissue criterion of 0.3 mg/kg wet wt. Median total and MeHg water
concentrations were 2.9 ng/L and 0.042 ng/L (Ohio River) and
3.02 ng/L and 0.028 ng/L (Kyger Creek), similar to reference sites.
Sediment samples from Kyger Creek downstream of the wastewater
outfalls were moderately elevated. Overall, there was no consistent
signal of elevated Hg levels in environmental samples collected
proximal to the power plant site.

RG1-O7
IN SITU MEASUREMENTS OF POREWATER HG AND
MEHG VIA DGT
1

1

2

REIBLE, Danny , BIRETA, Paul , LANDIS, Richard , GROSSO,
2
Nancy
(1) University of Texas, reible@mail.utexas.edu; (2) DuPont.
The diffusive gradient in thin film (DGT) technique is applied to
determine porewater mercury and methyl mercury concentrations
in both laboratory and field studies. DGT devices have been a
useful indicator of dissolved metals in aqueous systems, although
the technique is not as well developed for measuring mercury or
for measuring concentrations in sediments. DGT devices were
fabricated with Spheron-Thiol Resin (STR) or 3 Mercaptopropyl
Functionalized Silica Gel (3MP) as a resin layer covered by an
agarose diffusive gel and 0.45 μm polysulfone membrane filter.
Laboratory experiments showed that both resins strongly associated
with dissolved Hg2+ and that the 3MP could be used to measure
methyl Hg as well. Further the 3MP is readily available while STR
is no longer commercially produced. Laboratory testing was used to
evaluate mercury DGT probe uptake parameters from the sediment
and to develop procedures for analysis and interpretation of the
probe. Laboratory experiments were also conducted to evaluate
the fate and behavior of mercury due to biogeochemical changes
in sediments, for example, after placement of a sediment cap or
as a result of benthic activity. DGT probes were then deployed
in the field at South River (Virginia, USA). Multiple disk probes
and sediment probes were deployed in the South River in-situ
to determine overlying water Hg concentrations and sediment
porewater Hg and methyl mercury and concentration profiles.
Substantial variations in mercury and methylmercury were
observed in different locations and as a function of depth below
the sediment-water interface. The initial deployment showed that
the DGT could be a useful tool for exploring available and mobile
mercury and methyl mercury in the South River.

WWW.MERCURY2011.ORG

RG1-O8
DEVELOPMENT AND VALIDATION OF A THERMODESORPTION TECHNIQUE FOR MERCURY SPECIATION
IN SOILS AND SEDIMENTS
1

1

REIS, Ana Teresa , COELHO, João Pedro , RODRIGUES, Sónia
1
2
1
Morais , DAVIDSON, Christine M , DUARTE, Armando C ,
1
PEREIRA, Eduarda
(1) University of Aveiro, teresareis@ua.pt; (2) University of
Strathclyde.
An innovative technique for mercury (Hg) speciation by thermaldesorption with atomic absorption spectrophotometry (using
LECO® model AMA-254) was tested and validated. To date, the
AMA-254 was only used in determination of total Hg contents,
but the speciation (identification and quantification of Hg species)
was proven possible by the continuous thermal-desorption of
Hg compounds from the solid matrix at different temperatures.
Pure Hg-compounds (HgCl2, Hg-humic acids and HgS) were
characterised in a temperature range of 76-768ºC. Subsequently,
certified reference materials (CRM) BCR® 142R and RTC® CRM
021 for soil, and NRC® MESS-3 and PACS-2 for sediment, as well as
one sediment and three soil samples from Hg contaminated areas
-1
(Hg concentrations 0.067–126 mg kg ) were analyzed. Thermodesorption curves obtained for solid samples were compared to the
ones from pure compounds to identify different Hg species.
For each pure compound, one well-resolved peak was obtained at
specific intervals of temperature: 150–195ºC for HgCl2, 195–220ºC
for Hg-humic acids and 260–300ºC for HgS. It was possible to
obtain comparable peaks in the sediment and soil samples and
therefore the results of the thermo-desorption speciation allowed to
clearly distinguish different Hg species in solid samples.
Accuracy was assessed by analyzing CRM. Although the CRM are
not certified for Hg species, the sum of Hg species obtained was
compared to the certified value for total Hg; recovery was within the
range of 87–104 %.
The quantification of each Hg species applying this technique
exhibited good repeatability, as sediment and soils samples showed
an RSD inferior to 21% (n=7), which is considered satisfactory in
view of the highly complex matrices and the wide distribution of Hg
species in the solid.
The analysis of samples by this technique allows the prompt
identification of several Hg species in a solid sample. It is free of
cross-contamination and requires little or no sample pre-treatment,
since analysis is performed directly on the solid sample. No residues
are produced because no reagents are used, and a small quantity
(<1 g) of sample is required. Once operational conditions are
standardised, results between different laboratories will be easily
compared. This technique can be an important contribution for the
assessment of risks associated with Hg contamination.
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RS3-P5

TS16-P10

TRAJECTORY FREQUENCY AND PRINCIPAL
COMPONENTS ANALYSES: MERCURY SOURCERECEPTOR RELATIONSHIPS DURING THE GRAND BAY
MERCURY INTENSIVE 2010

THE HG-197 RADIOTRACER IN ENVIRONMENTAL
STUDIES

1

1

1

1

1

REN, Xinrong , COHEN, Mark , LUKE, Winston , NQAN, Fantine ,
1
2
1
KELLEY, Paul , WALKER, Jake , ARTZ, Richard
(1) NOAA Air Resources Laboratory, Xinrong.Ren@Noaa.gov; (2)
Grand Bay National Estuarine Research Reserve.
Hourly speciated mercury measurements were made at an AMNet
site in Grand Bay, Mississippi during the summer 2010 intensive
from July 29 to August 14, 2010. In addition, other chemical
and meteorological parameters were measured concurrently.
These data were analyzed using HYSPLIT back trajectory and
principal components analysis in order to develop source-receptor
relationships for mercury species in this coastal environment.
Trajectory frequency analysis shows that high mercury events
were generally associated with high frequencies of the trajectories
passing through the areas with high mercury emissions, while
low mercury levels were largely associated the trajectories passing
through relatively clean areas. Principal components analysis
reveals two main factors: combustion and photochemical process
that were clustered with high reactive gaseous mercury (RGM) and
fine particle mercury (FPM). This study indicates that the receptor
site which is located in a coastal environment of Gulf of Mexico
experienced impacts from mercury sources that are both local and
regional in nature.

RS4-O10
NEW INSIGHTS INTO MERCURY METHYLATION IN THE
ARCTIC
1

2

RENARD, Alexandre , LAROSE, Catherine , DOMMERGUE,
1
1
3
Aurélien , DE ANGELIS, Martine , COSSA, Daniel , MARUSCZAK,
1
4
1
Nicolas , SCHNEIDER, Dominique , FERRARI, Christophe
(1) Laboratoire de Glaciologie et Géophysique de l’Environnement,
Université Joseph Fourier Grenoble/CNRS; (2) Laboratoire AMPERE,
UMR CNRS 5005, Ecole Centrale de Lyon; (3) IFREMER; (4)
Laboratoire Adaptation et Pathogénie des Microorganismes.
Seasonal snow is an active media and an important climate factor
that governs nutrient transfer in Arctic ecosystems. Since the snow
stores and transforms nutrients and contaminants, it is of crucial
importance to gain a better understanding of the dynamics of
contaminant cycling within the snowpack and its subsequent release
to catchments via meltwater. Over the course two field campaigns
in the spring of 2008 and 2011, we collected snow and meltwater
samples from a seasonal snow pack in Ny-Ålesund, Norway
(78°56’N, 11°52’E), which were analyzed for inorganic and organic
chemical species, as well as total, dissolved, bioavailable (THg,
DHg, BioHg, respectively) and methylmercury (MeHg) species. We
observe a seasonal gradient for ion concentrations, with surface
samples becoming less concentrated as the season progressed. A
significant negative correlation between bioavailable Hg and MeHg
2
(r =0.26, p=0.0044, n=26) was observed in the snowpack. MeHg was
positively and significantly correlated to methylsulfonic acid (MSA)
2
concentrations (r =0.45, p=0.0022, n=18). Based on these results, we
propose a new model for aerobic methylation of mercury involving
dimethylsulphoniopropionate (DMSP).
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2

RIBEIRO GUEVARA, Sergio , STERGARŠEK, Andrej , FRKAL,
2
2
Peter , HORVAT, Milena
(1) Centro Atómico Bariloche, Bariloche, Argentina, ribeiro@cab.cnea.
gov.ar; (2) Jožef Stefan Institute, Ljubljana, Slovenia.
The understanding of mercury transformations and transport
processes in natural and contaminated environments provides basic
data for the evaluation of the overall mercury impact. There are few
analytical techniques available for these studies, which combined
with the direct measurements and speciation, allow a comprehensive
understanding of mercury impact in the system under study. These
techniques are based in spiking labelled mercury, following it
throughout the processes. The mercury can be labelled by changing
the natural isotopic composition or by a radioactive isotope. The
203
mercury radiotracer most frequently used is Hg; however, the
197
short live Hg can be employed successfully.
197

The high specific activity achieved by producing Hg from
196
enriched Hg targets enables extremely low spikes (e.g. 1-10 ng
-1
L-1 in waters, 0.01 ng g in sediments), allowing the evaluation of
recoveries as low as 0.001 to 1 % of the spike. This radiotracer can be
spiked in concentrations spanning several orders of magnitude (e.g.
-1
spikes from 0.02 to 2000 ng g in sediments studies). With a proper
197
standard, design and HPGe detector, the Hg radiotracer can be
measured in very different arrangements, materials and geometries,
without complex devices or procedures.
Nowadays, the main source of antrophic mercury emissions to the
atmosphere is associated with flue gases generated in coal power
plants. The flue gas desulphurisation system of these plants retains
mercury, but the undergoing chemical processes are not completely
197
understood. The Hg radiotracer was employed to study these
2+
processes, evaluating the Hg retention capacity of Gypsum and
mercury transformations after an Hg0 input in a water-air mixed
system in different conditions.
Moreover, the understanding of the processes associated with
2+
the transformation of Hg to organic species is basic in assessing
197
the impact of mercury inputs. The Hg radiotracer enables
simultaneous measurements of mercury methylation and reduction
in sediments, soils and waters, reproducing natural and disturbed
conditions.

MG14-O9
MERCURY EXPOSURE AND RISKS FROM DENTAL
AMALGAM IN THE US POPULATION POST-2000
1

1

1

RICHARDSON, G Mark , WILSON, Ross , ALLARD, David , PUR1
1
1
TILL, Colleen , DOUMA, Stephanie , GRAVIERE, Julien
(1) SNC-Lavalin Environment, mark.richardson@snclavalin.com
Dental amalgam is 50% metallic mercury by weight and mercury
vapour continuously evolves from in-place dental amalgam.
Increased Hg content with increasing amalgam load is observed in
urine, feces, exhaled breath, saliva, blood, and various organs and
tissues including the kidney, pituitary gland, liver, and brain. Hg
content also increases with maternal amalgam load in amniotic
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fluid, placenta, cord blood, meconium, various fetal tissues
including liver, kidney and brain, in colostrum and breast milk.
Exposure and risks from dental amalgam have not been reexamined for more than 15 years. Based on 2001 to 2004 population
statistics for the United States, 181.1 million Americans of all ages
carry a grand total of 1.46 billion restored teeth. Based on past
dental practice, and recently available data on the relative use of
different restorative materials, the majority of these restorations are
composed of dental amalgam.
Employing these recent US population-based statistics on body
weight and the frequency of dentally restored tooth surfaces in the
US population, estimates of Hg exposure from amalgam fillings
were determined for 5 age groups of the US population. Children
as young as 26 months were recorded as having restored teeth.
Four specific exposure scenarios were considered. Based on the
least conservative of these scenarios, predicting the lowest levels of
exposure, it was estimated that some 67.2 million Americans would
exceed the Hg dose associated with the reference exposure level
3
(REL) of 0.3 ug/m established by the US Environmental Protection
Agency, whereas 122.3 million Americans would exceed the dose
3
associated with the REL of 0.03 ug/m established by the California
Environmental Protection Agency. Average exposure estimates
amount to 0.2 to 0.4 μg/day per filled tooth surface, or 0.5 to 1 μg/
day/filled tooth, depending on age and other factors.

sulphate, hydronium ion and natural colour to Harp and Dickie
Lakes were calculate based on the historical data record provided
by the Ontario Ministry of the Environment Dorset Environmental
Science Centre. Correlation analyses were conducted between
watershed loading rates of the key solutes and corresponding in-lake
concentrations and physico-chemical conditions. Also included in
the correlation analyses were late august concentrations of Hg in
yearling perch. At Dickie lake, a shallow, humic lake with persistent
summertime hypolimnetic anoxia, Hg concentrations in yearling
perch were strongly and positively correlated to water year runoff
(r=0.75, p<0.01), sulphate flux (r=0.83, p<0.01) and hydronium flux
(r=0.96, p<0.001), and to a lesser extent in-lake temperature (r=0.75,
p<0.1). At Harp Lake which is a deeper, cooler, oligotrophic lake,
Hg concentrations in yearling perch were completely decoupled
from terrestrial-aquatic fluxes of water and solutes. The results
underscore the critical need for whole-ecosystem monitoring
within physiographically distinct watersheds and regions in order
to refine our understanding of how landscape characteristics, basin
morphometry, climate and weather interact and co-influence uptake
of mercury by aquatic biota in northern forested regions.

MG6-P12
MONITORING LAND USE CHANGES RELATED TO THE
ALMADEN MINE CLOSURE IN CENTRAL SPAIN
1

This work is based on a report used by the US FDA as a centerpiece
of its December 2010 Expert Panel review of the safety of dental
amalgam.

MG7-P44
A COMPARISON OF YEARLING PERCH MERCURY
VARIABILITY IN TWO HEADWATER LAKES: WATERSHED
VERSUS IN-LAKE CONTROLS
1

2

RICHARDSON, Murray , BRANFIREUN, Brian
(1) Carleton University, murray_richardson@carleton.ca; (2)
University of Western Ontario.
Throughout Canada’s northern forested regions, the fate and
transport of terrestrially sequestered atmospheric mercury and its
potential to prolong recovery of Hg impacted aquatic ecosystems is a
topic of ongoing concern. It remains unclear whether contemporary
rates of atmospheric mercury are necessarily a first-order control
on Hg accumulation in freshwater biota given the large terrestrial
supply of sequestered Hg now residing in terrestrial ecosystems,
and its potential sensitivity to interannual variability in weather
and longer term climate shifts. In Precambrian Shield landscapes,
seasonal and inter-annual variability in terrestrial watershed
processes result in large variations in terrestrial aquatic fluxes of
solutes linked to watershed Hg transport and speciation, including
sulphate, dissolved organic carbon (DOC) and hydronium ion. The
purpose of this study was to determine the extent to which such
variations can influence biotic Hg uptake in headwater lakes.
An analysis of historical monitoring data of streamflow discharges,
hydrochemistry, and Hg concentrations in yearling perch in two
contrasting headwater lake basins in the south-central Precambrian
Shield region of Ontario, Canada was conducted. For the period
between 1981-1989, annual terrestrial aquatic fluxes of DOC,
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1

RICO, CELIA , SCHMID, THOMAS , SIERRA, MARIA JOSE ,
1
MILLAN, ROCIO
(1) CIEMAT, celia.rico@ciemat.es
The Almadén district of Spain has an extended history of mercury
mining of over two millenniums. After closure of the mining
activities in 2002, the region underwent social and economic
decline, and alternative activities such as crop cultivation, livestock
breeding and tourism are major perspectives to revive the local
economy. Therefore, environmental surveying and rehabilitation
of areas affected by mining has become a central priority and
importance is given to characterize the impact of sites related to past
mercury exploitation and processing as well as determining land
uses for alternative activities.
The objective of this work is to discriminate and quantify changes
in land uses throughout the region as a result of the mine closure.
Remote sensing and GIS techniques are applied obtaining digital
cartography data from official government sources, acquiring
satellite borne data from NASA and implementing a spectral
library obtained for different surface covers throughout the area.
Furthermore, field observations, ancillary data and corresponding
laboratory analyses are included to have site specific information on
the different land uses.
The methodology integrates multispectral satellite imagery using
Landsat TM (25 March 1989) ETM+ (22 April 2002) and EO-1
ALI (3 April 2008) data. Image pre-processing and processing
techniques are applied to standardize the data (atmospheric and
geometric correction) and carry out the classification and change
detection method. Each scene was classified into several land cover
classes relating them to the corresponding human activities during
the last and post mining stage. A post classification method has
been used, which compares and determines the difference between
independently classified images. Validation is thereafter carried
out using the information from field, cartography (land use maps
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from 1980 to 1990 and from 2000 to 2009) and ancillary data (aerial
photography and NDVI data).
Results show that within the Almadén municipality for land use
such as coniferous woods, irrigated and non-irrigated crop land
have increased (33 %, 90% and 20% respectively) and while nonproductive land and mining structures have decreased (75%) since
mining activities ceased. In this case it is important to associate
factors that affect the land cover change such as the fluctuating
working population, resources demand and economical inversions.

TS5-P5
GEOGRAPHIC DISTRIBUTION OF MERCURY IN
SEDIMENT AND BIOTA AS AN INDICATOR OF MERCURY
SOURCES TO LAKE ST. FRANCIS, ST. LAWRENCE RIVER
(ONTARIO AND QUEBEC) CANADA
1

2

2

RIDAL, Jeffrey J. , NORRIS, Kristin , CAMPBELL, Linda M. ,
2
3
HODSON, Peter V. , LEAN, David R.S.
(1) St. Lawrence River Institute , jridal@riverinstitute.ca; (2) Queen’s
University, Kingston, ON; (3) Lean Environmental, Apsley, ON.
We examined potential geographic sources of mercury to the Lake
St. Francis portion of the St. Lawrence River to investigate why
concentrations in sportfish are elevated compared with upstream
fish, despite controls on local industrial sources. We sampled
amphipods and juvenile yellow perch as indicators of mercury
bioavailability from contaminated sediments and compared
concentrations in biota to sediment concentrations in solids
and porewater. Amphipod mono-methyl mercury (MeHg) was
strongly correlated to total mercury (THg) concentrations, and
the proportion of THg that was MeHg was correlated to sediment
total mercury, loss on ignition, and grain size. However, the actual
concentrations of THg and MeHg in amphipods and perch were
not related to any sediment parameter. THg concentrations in perch
were significantly correlated to amphipod concentrations of THg
2
2
(r =0.25, p=0.03) and MeHg (r =0.49, p<0.001). Perch were most
contaminated at north shore sites in Lake St. Francis, and least on
the south shore. Concentrations in perch of a common length of
14.8 cm exceeded the Ontario guidelines for sensitive consumers
of 260 μg/kg w.w. only for sites near the mouths of north shore
tributaries. Larger fish typically caught by recreational fisherman
would contain higher concentrations on average. Overall, sediment
mercury concentrations provided no basis for predicting the
contamination of resident fish or the risks to human consumers,
suggesting that ‘legacy’ contamination of sediments does not drive
mercury contamination of fish. The geographic pattern of mercury
contamination of perch suggests on-going inputs from northshore watersheds, either due to point or diffuse sources. THg water
concentrations in north shore tributaries were 2-10 times greater
than is typical of the St. Lawrence River, and with relatively high
proportions of MeHg (19-29%). However, similar inputs along
the south shore suggest a difference in the bioavailability of the
mercury discharged, perhaps related to the association of mercury
with dissolved and particulate matter. The pathway of mercury
from tributary inputs to perch appears to be the food web, based
on strong correlations with mercury concentrations in amphipods,
an important diet item of juvenile perch. These data indicate that
decisions on remediating mercury contaminated sites to protect
human consumers of fish should consider on-going mercury inputs
before implementing sediment clean-up.
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RG9-P11
ASSESSING THE RISK OF MERCURY EXPOSURE IN
THE CRITICALLY ENDANGERED EASTERN TAIWAN
STRAIT INDO-PACIFIC HUMPBACK DOLPHINS (SOUSA
CHINENSIS)
1

2

3

RIEHL, Kimberly N , ROSS, Peter S , WANG, John Y , YANG, Shih3
4
1
Chu , STERN, Gary A , HICKIE, Brendan E
(1) Trent University, kimberlyriehl2@trentu.ca; (2) Institute of Ocean
Science (DFO); (3) FormosaCetus Research and Conservation Group;
(4) Freshwater Institute/Fisheries and Oceans Canada.
The eastern Taiwan Strait (ETS) Indo-Pacific humpback dolphins,
Sousa chinensis, is a critically endangered population (numbering
<100) existing off the highly industrialized and populated west
coast of Taiwan. This population inhabits a small/narrow coastal
habitat where threats are abundant, including noise pollution, net
entanglement, habitat loss, and municipal and industrial pollution
such as persistent organic pollutants and mercury. The presence
of anthropogenically-released mercury in the environment has
long been a health concern for cetaceans as it is persistent and can
biomagnify to potentially dangerous concentrations in long-lived,
high trophic level species. Mercury is known to have deleterious
effects on the reproductive, immune, and nervous systems. Because
their conservation status prevents us from acquiring tissues samples
via biopsies, our evaluation of the risk associated with mercury
exposure was based on estimating tissue concentrations using
measured concentrations from two potential food baskets and
tissue-specific biomagnification factors (BMFs) derived from datarich odontocetes. Fish samples believed to be important prey of ETS
humpback dolphins were collected and were pooled into two food
baskets, based on our understanding of their feeding preferences.
Total mercury in these food baskets ranged from 0.06 to 0.09 mg/
kg wet weight (ww). A literature review of BMFs in odontocetes
revealed that the most robust data set was from Canadian Arctic
beluga whales (Delphinapterus leucas), where BMFs for liver
0.0921*age 2
were exponentially related to age (BMF=55.62e
, r =0.70)
and ranged from ~60 for young animals up to ~2200 for older
individuals. Estimated total mercury liver concentrations in ETS
humpback dolphins ranged from ~3-190 mg/kg ww, suggesting that
older individuals (>28 years) would exceed the effects threshold
for liver damage of 60 mg/kg ww. This assessment highlights a
number of research needs that could improve risk assessments for
mercury in cetaceans, including: the need for effects thresholds for
neurotoxicity, the need for effects thresholds that are sensitive to
mercury speciation in tissues, and extrapolation between species.

RS9-O13
CONTROLS ON STREAMWATER HGD AND DOC
EXPORT FROM THREE MID-APPALACHIAN FORESTED
HEADWATER CATCHMENTS
1

1

RISCASSI, Ami , SCANLON, Todd
(1) University of Virginia, alr8m@virginia.edu
Both soil solution pH and soil particle size distribution have
been shown to influence the adsorption of HgD to the soil matrix
and therefore the amount of HgD in soil solution available to be
transported to the stream. While prominent in laboratory literature,
no watershed-scale studies have sought to determine the effects
of basic soil properties and pH on Hg transport. We monitored
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three watersheds of similar size with comparable climate, seasonal
temperature, land use/land cover (no wetlands in any of the sites),
soil organic carbon content, watershed slope, mean discharge, and
Hg deposition, but with different underlying bedrock geology.
Differences in weathering capacity of bedrock result in a gradient in
soil composition (clays to sands) as well as acid neutralizing capacity
(ANC), resulting in a range of soil pH at the sites. From March 2008
through October 2010, 74-131 samples were collected at each of
the three streams including baseflow (every 2 weeks) and high flow
(storm events sampled every two hours). Samples were analyzed for
HgD, HgP, DOC, UV absorbance at 254nm and pH. Across all sites
there was a significant positive correlation between HgD and DOC
and the linear best fit lines were statistically similar. Relationships
improved between HgD and UV absorbance indicating that within
a site the optical qualities associated with DOC (typically assumed
to reflect aromaticity) also impact the amount of Hg transported.
Overall, SUVA254 was significantly lower in the more acidic system,
indicating less aromatic DOC as expected, yet the amount of HgD
transported per unit DOC was the same at all sites. As a result, the
more acidic stream transported more HgD per unit UV absorbance,
indicating that watershed characteristics other than DOC quantity
and quality are influencing export. Based on direct evidence from
laboratory studies and indirect field based evidence, we believe the
sandy soils are less competitive than high surface-area clay soils
for Hg binding and therefore a greater fraction of the Hg becomes
associated with organics which are subsequently transported
downstream at the more acidic, sand dominated site. This research
illustrates that in addition to DOC quantity and quality, physical soil
characteristics may also play an important role in Hg transport in
catchment stream systems.

TS5-P7
MERCURY IN LITTERFALL IN THE EASTERN UNITED
STATES
1

1

1

RISCH, Martin R. , DEWILD, John F. , KRABBENHOFT, David. P. ,
2
3
KOLKA, Randall K. , ZHANG, Leiming.
(1) U.S. Geological Survey, mrrisch@usgs.gov; (2) U.S. Forest Service;
(3) Environment Canada.
Forest canopies can accumulate more mercury from the atmosphere
than other landscapes because of their relatively large leaf areas. In
autumn in the eastern United States, the mercury mass in the annual
litterfall of deciduous or predominantly deciduous forests represents
a large portion of the atmospheric mercury dry deposition that was
retained in the forest landscape that year. The Mercury Deposition
Network (MDN) of the National Atmospheric Deposition Program
(NADP) provided a framework for litterfall mercury monitoring
because it has long-term sites, a broad geographic coverage, capacity
for supplementary sample collection, and weekly mercury wetdeposition data.
A study of mercury in litterfall at selected MDN sites, which were
thought to represent different forest-cover types and geographic
regions in the eastern US, was completed during autumn months
in 2007, 2008, and 2009. Trace-metal-free methods for collecting,
processing, and analyzing litterfall samples for mercury were
developed for the study. Data obtained in the study include total
mercury concentrations in litterfall samples and litterfall samplecatch amounts from four passive collectors randomly deployed for
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approximately 2 months each autumn in study plots located near
from 12 to 23 MDN sites in 15 states.
Mean mercury concentration in the samples and sample-catch
amount were used to estimate annual litterfall-mercury deposition
at each MDN site. Litterfall-mercury concentrations, sample catch,
and litterfall-mercury deposition differed significantly among MDN
sites and were highest in areas with deciduous oak-hickory forestcover types. Annual litterfall-mercury deposition was highest at
three sites near urban areas in Indiana and Maryland and two sites
in the Ohio River Valley in Indiana and Ohio. Litterfall-mercury
2
deposition was as high as 23.4 μg/m /yr (micrograms per square
2
meter per year) and had a median of 10.9 μg/m /yr. The mean ratio
of annual litterfall-mercury deposition to annual mercury wet
deposition was 1.2 to 1.
The results of this study provide a reference for regional mercury
deposition models and future litterfall-mercury monitoring plans.

TS5-P8
SPATIAL PATTERNS AND TEMPORAL TRENDS IN
MERCURY WET DEPOSITION IN THE LAURENTIAN GREAT
LAKES REGION, 2002-2008
1

2

1

RISCH, Martin R. , GAY, David A. , FOWLER, Kathleen K. ,
3
4
4
KEELER, Gerard J. , BACKUS, Sean M. , BLANCHARD, Pierrette. ,
3
3
BARRES, James A. , DVONCH, J. Timothy.
(1) U.S. Geological Survey, mrrisch@usgs.gov; (2) Illinois State Water
Survey; (3) University of Michigan; (4) Environment Canada.
Data from three mercury wet-deposition-monitoring networks and
two precipitation-monitoring networks in the USA and Canada,
for 2002-2008, were combined to assess spatial patterns and
temporal trends in 9 states and 2 provinces in the Laurentian Great
Lakes Region. Spatial patterns of annual mercury wet deposition
were examined by generating high resolution maps based on
precipitation-weighted annual mean mercury concentrations at 37
sites and annual precipitation depths at 1,684 sites. Temporal trends
in weekly data were determined with the Seasonal Kendall Trends
Test and the Seasonal Kendall Slope Estimator.
Year-to-year variations in spatial patterns of mercury wet deposition
were observed throughout the region. Generally, mean annual
mercury wet deposition was highest in the southern part of the
study region and lowest in the north and followed patterns of mean
annual precipitation depths. Localized areas with high annual
mercury wet deposition (15 to 20 micrograms per square meter)
were mapped in 6 of 7 years and typically corresponded with
sites having high precipitation-weighted annual mean mercury
concentrations.
Seven-year temporal trends in mercury wet deposition or mercury
concentration were observed in data for weekly samples from 20
monitoring sites. For sites with significant trends, the median annual
decrease or increase in weekly mercury concentration was less than
a nanogram per liter. For a group of monitoring sites near southern
Lake Michigan, trends of decreased mercury concentrations
coincided with trends of increased precipitation depths. Significant
7-year trends in weekly mercury wet deposition were not coincident
with trends in weekly mercury concentration.
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During the 2002-2008 study period, mercury wet deposition
was unchanged in the Great Lakes region or its sub-regions. Any
small decreases in mercury concentration apparently were offset
by increases in precipitation. Continued monitoring could detect
whether these observations are consistent over a longer time period.

RG9-P13
MERCURY CONCENTRATION IN FISH, AND CAIMANS
CONSUMED BY COMMUNITIES TAKANA IN THE BENI
RIVER BASIN BOLIVIA
1

RIVERA CÓRDOVA, Sandra Jahel
(1) Wildlife Conservation Society, sandyrbo@gmail.com
Mercury and melilmercury contamination in the Beni basin is an
important issue for the indigenous communities that live along
the river. Takana, one of such communities, feed mostly on fish
and alligators. During the years 2007 and 2009 muscle tissue
samples were collected from eight wildlife species (seven fish and
one alligator). Total mercury was extracted with acid digestion
and measured with atomic absorption spectrometer Perkin Elmer
model 3110. Non carnivorous fish species (Prochilodus nigricans
and Piaractus brachypomus) have lower concentrations (0.099
± 0.027 and 0.041 ± 0.019 μg/g respectively) than carnivorous
fish (Pygocentrus nattereri, Pseudoplatystoma tigrinum, Zungaro
zungaro, Plagioscion squamosissimus and Leiarius marmuratus),
which on average have total Hg concentrations above 0.353 μg/g
and up to 1.266 μg/g. In the alligator (Caiman yacare) the average
concentrations of total Hg was 0.210 ± 0.217 μg/g (n = 66), which
is lower than expected, considering that alligators have at least the
same trophic level as carnivorous fish and relatively long life-spans.
This may be because concentrations in caiman muscle may not
reflect the concentrations in the whole organism. It is possible
that mercury in caimans is accumulated in other organs, distinct
from the ones sampled in this study, but it is also possible that
physiological mechanisms are involved that help caimans get rid
of ingested mercury. However, our data allow us to recommend
caiman muscle consumption despite their apparent trophic position,
size and life span.

MS11-P3
LASER-ABLATION INDUCTIVELY COUPLED PLASMA
MASS SPECTROMETRY (LA-ICP-MS) IMAGING OF
MERCURY DISTRIBUTION IN FISH LIVER MACROPHAGE
CENTERS
1

1

2

3

ROBERTS, Aaron , SMITH, JD , BARST, BD , CHUMCHAL, MM ,
1
1
1
1
GEVERTZ, AK , HUDELSON, K , HART, A , VERBECK, G ,
2
DREVNICK, PE
(1) University of North Texas, aproberts@unt.edu; (2) Université du
Québec; (3) Texas Christian University.
Recent field and laboratory studies have shown positive correlations
with mercury exposure and pathologies in fish organs. In this
study we sampled spotted gar, from wetland and open water
habitats of Caddo Lake (TX/LA), for total mercury and liver
pathology. We identified darkly pigmented deposits in gar livers
as melanomacrophage centers which were positively correlated
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with total mercury in the organ. Furthermore, we noted habitatspecific differences between wetland and open water gar. Wetland
sampled fish had higher total mercury in muscle and liver and
a higher abundance of melanomacrophage centers. Mercury
speciation analysis of Caddo Lake gar livers has revealed inorganic
mercury as the predominant form. The tissue-level distribution
of heavy metals can give evidence of the cellular mechanisms for
their fate, toxicity, and transport. LA-ICP-MS is a multi-element
technique for determination and quantification of metal and
metalloid elements in samples, and when coupled with laser
ablation as a sample introduction method, can produce 3-D contour
plot images of relative mercury concentration within tissues. We
have used this technique to localize higher levels of mercury to
melanomacrophage centers in the livers of environmentally exposed
gar from Caddo Lake. Macrophages have been associated with
methylmercury demethylation in mammalian tissues. High ratios
of inorganic:organic mercury in fish liver tissues and total mercury
association with melanomacrophage centers supports a role for
these hematopoietic cells in mercury metabolism.

MG6-O2
EVALUATION OF RESIDENTIAL EXPOSURE TO
HISTORICAL MERCURY CONTAMINATION IN
HUANCAVELICA, PERU
1

2

3

ROBINS, Nicholas , HAGAN, Nicole , HALABI, Susan , HSU4
5
KIM, Heileen , ESPINOZA GONZALES, Ruben Dario , RICHTER,
6
7
Daniel , VANDENBERG, John
(1) Environmental Health Council; North Carolina State University,
nrobins1@yahoo.com; (2) Environmental Health Council; Oak
Ridge Institute for Science and Education, U.S. Environmental
Protection Agency ; (3) Environmental Health Council; Department of
Biostatistics and Bioinformatics, Duke University ; (4) Environmental
Health Council; Department of Civil and Environmental Engineering,
Duke University ; (5) Environmental Health Council; (6) Nicholas
School of the Environment, Duke University; (7) Office of Research
and Development, U.S. Environmental Protection Agency .
Between 1564 and 1810, nearly 17,000 metric tons of mercury
vapor were released in Huancavelica, Peru, as a consequence
of cinnabar smelting operations. As a result of atmospheric
transport and transformation, mercury deposited in the local
community, contaminating all compartments of the environment.
Soil concentrations in the community have been measured to
contain up to 1,200 mg/kg of mercury, among the highest levels
measured in surface soil in the world. Residents in Huancavelica
have constructed their adobe homes using this soil, prompting
an investigation of residential exposure to mercury. Homes in
Huancavelica were sampled for mercury in different media,
including air (vapor and particulates), surface dust wipes, and adobe
bricks. For the first 10 homes in the study, mercury was detected
in varying concentrations in all media sampled. Mercury vapor
3
concentrations in the homes were up to 5.5 μg/m , while particulate
3
samples were as high as 0.49 μg/m . Adobe brick on the interior of
the walls had measured mercury concentrations up to 780 mg/kg.
This poses a significant health risk to the residents of Huancavelica,
especially women and children, who spend a majority of their time
in their homes. The median uptake by a 1-year-old toddler is 100
mg of dirt and dust ingested per day from hand-to-mouth activity.
For this ingestion rate, the daily exposure for an 11 kg 1-year-old
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toddler (50 percentile body weight for U.S. males and females)
would exceed EPA’s Reference Dose (RfD) for inorganic mercury
(0.3 mg/kg-day) if the ingested soil and dust contained more than
33 mg/kg of mercury. In Huancavelica, the ingestion of dirt and dust
is not only a result of time spent outdoors, but exposure potential
is amplified by the concentrations present in homes. It is important
to consider that the ingestion rate and body weight are for U.S.
children; children in Huancavelica and South America in general
may have different ingestion rates and body weights. Not only do
children have potentially higher levels of mercury exposure than
adults, but the likelihood and severity of adverse health effects are
greater as well, as their brains and neurological systems are still
developing. A comprehensive analysis of mercury contamination
in Huancavelica will guide the development of mitigation and
remediation strategies informed by community-based participatory
research to reduce the health risks from residential mercury
exposure. Disclaimer: The views expressed in this abstract are those
of the authors and do not represent US EPA policy.

MG7-P8
AT WHAT SOIL TOTAL MERCURY LEVELS IS IT SAFE TO
GROW FEED AND FOOD CROPS?
1

1

1

RODRIGUES, Sónia , HENRIQUES, Bruno G. , REIS, Ana T. ,
1
1
DUARTE, Armando C. , PEREIRA, Eduarda. , RÖMKENS, Paul
2
F.A.M.
(1) Universidade de Aveiro, smorais@ua.pt; (2) Alterra - Wageningen
UR.
Understanding the transfer of mercury (Hg) from soil to crops is
crucial to derive soil quality criteria that are effective to ensure feed
and food safety.
We performed a field study in urban, agricultural, mining and
industrial areas in Portugal to assess uptake of Hg by Italian
ryegrass, ryegrass, orchard grass, collard greens and rye. In total, 160
soils and 153 plants were analysed, originating from both clean and
polluted sites. Total Hg concentrations in soils varied from 0.01 to
-1
-1
98 mg kg . Mercury levels ranged from 0.01 to 6.9 mg kg in shoots
-1
and from 0.01 to 36 mg kg in roots. Levels of organic Hg were less
than 0.1% of the total levels in both soil and plants. The elevated
levels of Hg in crops suggest that plants are capable of enhancing the
transfer of inorganic Hg from metal enriched soils into the above
ground biomass and hence the food chain.
To predict Hg levels in plants Freundlich-type empirical models
were derived from the combined soil – plant data using total soil
Hg concentrations and soil properties as explanatory variables.
For ryegrass, orchard grass and collard greens the soil to root and
shoot transfer of Hg were controlled both by the total Hg in soils
and, partly, by amorphous Al or Fe oxides. The latter observation is
possibly related to the influence of such oxides on the solid: solution
partitioning of Hg thereby controlling the availability of Hg for root
uptake. For Italian ryegrass however, total Hg levels in soil alone
explained 98% and 95% of the variance in root and shoot Hg levels
despite differences in soil properties.
Freundlich-type empirical models were used to back-calculate
threshold concentrations of total Hg in soils from EC feed quality
limits (for green fodder). Threshold concentrations were 1.7 mg
-1
-1
Hg kg for Italian ryegrass, and 1.9 to 2.8 mg Hg kg for ryegrass
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depending on the Al oxide content (50 mmol kg-1 and 100 mmol
-1
kg respectively).
Soil-plant Hg transfer functions allow to correct for regional
differences in soil properties in order to obtain realistic estimates of
Hg crop levels. Also, soil-plant transfer functions can form the basis
of a coherent set of soil quality criteria in order to meet feed and
food quality demands.

TS8-P7
IMPACT OF CLEAR-CUTTING ON MERCURY
CONCENTRATIONS IN PERCH (PERCA FLUVIATILIS)
FROM NORWEGIAN BOREAL LAKES
1

2

ROGNERUD, Sigurd , FJELD, Eirik1, KJÆR, Roar
(1) NIVA, sro@niva.no; (2) Hedmark County Govenor.
Background
Mercury contamination of freshwater fish is a severe environmental
problem in Norway, and the health advisory maximum level of
0.5 mg/kg is often exceeded in boreal lakes. The deposition of
long-range transported atmospheric mercury pollution is the
main source. Most of the deposited mercury is stored in the soils
and mobilization to surface waters can be a significant source for
mercury in fish. Forestry and manipulations of forest soils are
suggested to increase the leakage and elevate mercury levels in
aquatic biota.
Purpose
To investigate if the areas of clear-cutting and soil disturbance in
lake catchments are connected to elevated mercury levels in perch.
Material and Methods
Mercury concentrations, together with stable N- and C- isotopes
and primary individual data, were recorded for perch (N=370)
from 18 boreal lakes, sampled in 2009. The clear-cutting areas in the
catchments were mapped and their ages determined by air photos
and GIS based tools. The influence of clear-cutting, together with
other environmental characteristics, were investigated by different
statistical tools.
Results
No statistical significant effect of clear-cutting could not be
detected by a mixed models approach. However, in a multiple
regression model the mercury concentration in 3-years old fish were
dependent on the percentage of clear-cutting in the catchments, lake
surface to catchment ratio, and sulfate concentration in lake water.
By a redundancy analysis we explored the multivariate relationship
between mercury in fish and environmental variables.
Conclusions
We found a statistical significant effect of clear cutting on 3-year
old perch, together with lake surface to catchments ratio, and
sulfate concentration. The influence of forestry is probably masked
in older fish by the accumulating effect of confounding variables.
The negative effect of sulfate on fish mercury is surprising, and
we discuss possible mechanisms in light of recent findings on
how sulfur chemistry controls transport of mercury forms and
methylation.
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TS5-P9
TROPHIC TRANSFER OF METHYLMERCURY IN THE
LOWER FOOD WEBS OF SIX NATIONAL PARK UNITS OF
THE UPPER MIDWEST (U.S.A.)
1

1

1

ROLFHUS, Kristofer R , CHALLIS, Katie E , LEPAK, Ryan F ,
1
1
1
BAILEY, Sean W , HARO, Roger J , SANDHEINRICH, Mark B ,
1
WIENER, James G
(1) University of Wisconsin-La Crosse, rolfhus.kris@uwlax.edu
The majority of methylmercury (MeHg) bioaccumulation occurs
between the aqueous and particulate phases in aquatic systems,
yet the lower food web (both benthic and pelagic) remains understudied in most ecosystems compared to bioaccumulation in fish.
As part of a larger study examining mercury contamination within
U.S. National Parks in the western Great Lakes region, we quantifed
total and methylmercury content in water, surficial sediments,
seston, benthic macroinvertebrates (mainly dragonfly larvae) and
bulk zooplankton in relation to ancillary physical and chemical
parameters in 30 water bodies across six parks. Additionally, prey
fish and predatory fish from these systems are being analyzed,
allowing for characterization of the lower portions of the benthic
and pelagic food webs. Analyses are ongoing, and initial results
indicated that aqueous fractions of MeHg (range, 0.036-2.32 ng/L)
2
correlated most strongly with dissolved organic carbon (r =0.42),
and less so with pH and sulfate. Highest MeHg concentrations
were observed in systems with watersheds dominated by wetlands.
Additionally, MeHg in filtered samples (0.45 micron) averaged 67%
of that in unfiltered samples. Results from the lower food web will
be combined with similar measures from the past decade at several
of our National Park sites to evaluate patterns of contamination and
bottom-up control on the trophic transfer of methymercury within
the region.

TS5-P10
ASSESSMENT OF MERCURY BIOACCUMULATION
WITHIN THE LOWER FOOD WEB OF LAKES IN THE
WESTERN GREAT LAKES REGION
1

2

3

ROLFHUS, Kristofer R , HALL, Britt D , MONSON, Bruce ,
4
5
6
PATERSON, Michael , JEREMIASON, Jeff , KNIGHTS, Brent
(1) University of Wisconsin-La Crosse, rolfhus.kris@uwlax.edu; (2)
University of Regina; (3) Minnesota Pollution Control Agency; (4)
Department of Fisheries and Oceans Canada; (5) Gustavus Adolphus
College; (6) US Geological Survey.
While methylmercury is a health hazard to humans and wildlife,
the biogeochemical processes responsible for its bioaccumulation
in pelagic food webs are still being explored and debated.
Previous studies have indicated both “bottom-up” control of
predatory fish Hg content through methylmercury (MeHg)
supply, as well as trophic factors. We have evaluated ten studies
from the western Great Lakes region as part of the Great Lakes
Atmospheric Deposition (GLAD) Program’s “Integrating
Multimedia Measurements of Mercury in the Great Lakes Region”
Project to determine the importance of aqueous MeHg supply
on trophic transfer within the lower food web, and to assess
regional-scale spatial variability. Analyses of bioaccumulation
and biomagnification factors (BAF, BMF) between water, seston,
zooplankton, and preyfish indicated that the largest MeHg increases
occur at the base of the food web, and that trophic transfer was
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remarkably similar in magnitude between sites (seston:water
logBAF range 4.38-5.82; zooplankton:water logBAF range 5.29-6.67;
preyfish:zooplankton log BMF range 0.29-0.96). Such consistency
was observed in both natural and experimentally-impacted
systems. We found positive correlations between aqueous unfiltered
MeHg and dissolved organic carbon, and measures of food web
“biomagnification power” within the western Great Lakes region
were consistent with widely varying systems throughout North
America. Such similarities suggest that MeHg bioaccumulation in
pelagic food webs is largely a function of aqueous supply of MeHg
and the factors promoting its synthesis.

MG2-O5
ISOTOPIC COMPOSITION OF ATMOSPHERIC MERCURY
IN THE COASTAL REGION OF THE NORTHERN GULF OF
MEXICO
1

2

1

ROLISON, J.M. , MISRA, S. , LANDING, W.M.
(1) Florida State University, jr09h@fsu.edu; (2) Florida State
University.
The transport and fate of atmospheric mercury emissions from
anthropogenic and natural sources of mercury (Hg) is uncertain.
0
Due to the long atmospheric residence time of elemental Hg (Hg ),
it is difficult to distinguish local and regional sources of atmospheric
Hg from the global background. Recent evidence suggests that
differences in the isotopic composition of Hg in atmospheric
samples may reflect differences in the source of Hg and atmospheric
processes that may cause isotopic fractionation after emission. If
these potential sources of variation in the Hg isotope composition
can be discerned from one another then the Hg isotope signature of
a variety of atmospheric samples representing different Hg species
could serve as a powerful tool for understanding the transport and
fate of emitted Hg. Here we report the Hg isotope composition
of particulate Hg (HgP) collected daily during a two-week field
campaign in August 2010 at Pensacola, FL and Grand Bay, MS.
202
202
Both sites were characterized by negative δ Hg (δ Hg = -2.09‰
to -0.50‰). Significant positive mass-independent fractionation
(MIF) was observed in all samples with the exception of two. The
199
positive MIF values range from Δ Hg = 0.24‰ to 1.78‰ and
201
Δ Hg = 0.06‰ to 1.59‰. Two samples, one collected at each
199
site on adjacent days, displayed negative MIF (Δ Hg = -2.36‰
199
at Pensacola; Δ Hg = -1.21‰ at Grand Bay). The large variation
in the isotopic composition of HgP observed suggests that the
homogeneity of atmospheric Hg is affected by local and regional
sources of atmospheric Hg or by local and regional atmospheric
processes or a combination of both. Furthermore, analysis of the
Hg isotope composition of total gaseous mercury (TGM) samples,
large volume precipitation samples, and samples of reactive gaseous
mercury (RGM) collected on KCl-coated Whatman QM-A quartz
fiber filters from both sites may help elucidate the processes that
fractionate Hg in the atmosphere.
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TS8-P5
TREE SPECIES COMPOSITION EFFECTS ON MERCURY
DEPOSITION IN MANAGED FORESTS OF VERMONT
1

ROSS, Donald S.1, JUILLERAT, Juliette
(1) University of Vermont, dross@uvm.edu
We evaluated the importance of forest type on total Hg (THg) flux
in litterfall and on THg accumulation in organic soil horizons.
Eighteen actively managed forest sites were sampled throughout
Vermont, USA. Mercury concentration was measured in senescing
leaves of dominant tree species (16 species in total) in three forest
types (low-elevation coniferous, deciduous/northern hardwood
forest and mixed). Upper soil horizons (forest floor and A horizon
if present) were sampled and analyzed for both THg and carbon.
Mercury concentration in senescing leaves varied significantly
between tree species. Some hardwood species had higher THg
concentration in leaves than coniferous species. Acer pensylvanicum
(striped maple) had significantly higher THg concentration than any
other species. Total Hg concentration was negatively correlated with
leaf height on the tree. Leaf surface-to-weight ratio was positively
correlated with THg. The calculated THg flux in litterfall varied
2
from 12 to 28 ug/m /yr and there were no significant differences
among forest types. Results showed an unexpectedly high THg
concentration in understory trees. Similar to other studies, soil
THg concentration was lower (73 ng/g) in the Oi horizon (litter
layer) and peaked (226 ng/g) in the Oe horizon (fermentation layer)
before declining (181 ng/g) in the humified Oa and/or A horizons.
We compared THg pools to a depth of 9 cm from the surface litter
layer, regardless of the soil horizons present (9 cm was the deepest
common sampling depth for all sites). Mineral soil A horizons
tended to have greater THg pools, up to 185 g/ha, than the forest
floor due to their greater bulk density. Because of this, sites with
thinner forest floors had greater 9-cm THg pools. Factors that
controlled forest floor depth, e.g. thicker with higher elevation or
thinner with steeper slopes, also related to this near-surface THg
pool. Forest floors were especially thin where there was legacy
from agricultural land-use resulting in the presence of both an Ap
horizon and earthworms. Near-surface (9-cm) THg pools were
highest on these sites. Interestingly, we did not find a relationship
between the amount of THg in litterfall and that accumulated in the
near-surface soil. Our overall results suggest that the assumption
that needles have greater THg concentration than leaves may need
to be revisited, with forest structure taken into account.

RS17-P7
ATMOSPHERIC MERCURY MONITORING IN AN
ARTISANAL SMALL SCALE GOLD MINING COMMUNITY
IN INDONESIA
1

ROSSIN, Ricardo1, TELMER, Kevin
(1) University of Victoria, rossin@uvic.ca
The significance and fate of mercury released from gold mining,
particularly artisanal and small scale (ASGM), remains poorly
understood - despite the fact that ASGM is now the largest
anthropogenic release of mercury to the environment. Together with
partners, a Tekran atmospheric mercury monitoring system was
installed in the ASGM community of Timika, Papua, Indonesia. The
concentrations of gaseous elemental mercury (GEM), particulate
mercury (Hg-P), and reactive gaseous mercury (RGM) in the air
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have been continuously recorded from June 2008 to present date.
Meteorological data such as wind speed and direction, temperature,
relative humidity, and solar radiation are also being simultaneously
collected. The monitor was tested in one location and then moved
to another closer to the gold shops and the Timika community. Data
from the initial test site shows dominantly two sources of mercury:
(i) regional background; (ii) an urban influence (Timika). The mean
value of atmospheric mercury (GEM) including the urban influence
3
is 2.4 ng/m . The mean value for other wind directions is 1.4 to 1.5
3
ng/m and is therefore lower than the mean northern hemisphere
background and near that recorded for the southern hemisphere
3
(1.1 to 1.3 ng/m ). However, the southern hemisphere value is
poorly constrained in general (mainly from the southern pole and
ocean cruises), and particularly for Southeast Asia due to a paucity
of data. As such these are some of the first results for the South East
Asian region and so contribute to the understanding of mercury
in ASGM communities but also on a more regional or global level.
They are the first long-term continuous and speciated measurements
for this region. Concentrations and ratios of the other species of
mercury (RGM and Hg-P) indicate similar results. The percentage
of total mercury in the atmosphere represented by RGM varies
between 0.002% to 9.37%, with a mean of 0.57% while Hg-P
varies between 0.004% and 4.24%, with a mean of 0.40%. Rural
and pristine sites typically have maximum values of around 2%
whereas urban areas can have higher RGM values (Detroit, 11%).
Marine halogens - a potential factor in forming RGM may influence
mercury in Timika. Results from the new location in the vicinity of
gold shops are recent as of this January 2011 and will be reported at
the ICMGP conference.

TS16-O13
MERCURY SPECIES IN RICE GRAIN GROWN ALONG A
CONTAMINATION GRADIENT IN GUIZHOU PROVINCE,
CHINA
1

1

2

ROTHENBERG, Sarah , FENG, Xinbin , ZHOU, Wei-Jia , TU,
2
2
2
Ming , JIN, BangWen , YOU, JunMei
(1) Institute of Geochemistry, Guiyang, China, rothenberg.sarah@
gmail.com; (2) Guizhou Rice Research Institute.
Mercury (Hg) species were investigated in 50 varieties of rice
grain, grown in 3 sites along a contamination gradient in Guizhou
province, southwestern China, including 2 sites near the Wanshan
Hg mine (Wukeng and Gouxi) and one background site (Xiaohe).
Interestingly, in polished white rice average total Hg (HgT) and
methylmercury (MeHg) levels were both significantly higher in
Gouxi compared to the other two sites (HgT: Xiaohe 2.8 ± 0.97
ng/g; Wukeng 18 ± 4.3 ng/g; Gouxi: 120 ± 33 ng/g) (MeHg: Xiaohe
2.0 ± 0.78; Wukeng 9.9 ± 5.1; Gouxi 63 ± 19). However, sediment
and pore water HgT levels were more elevated near Wukeng, which
bordered the capped mine tailings, while MeHg levels between
Wukeng and Gouxi were similar, and both were significantly higher
than Xiaohe. Partitioning coefficients (Kd) for HgT and MeHg did
not differ between Wukeng and Gouxi (Log10 Kd HgT, Wukeng: 4.9,
Gouxi: 5.1; Log10 Kd MeHg, Wukeng: 3.3, Gouxi: 3.5), indicating
bioavailability was similar between the two highly contaminated
sites. Lower concentrations of Hg species in white rice from
Wukeng may be due to elevated pore water HgT (Wukeng 650 ± 350
ng/L; Gouxi: 92 ± 12 ng/L), which may reduce nutrient uptake by
creating cellular plant stress or by inhibition of aquaporins through
binding of inorganic Hg(II) to cysteine. Lastly, 15 varieties of bran
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were analyzed from each site (total n=45), and dimethylmercury
was observed (although not quantified) in all samples, but was not
observed in polished white rice (n=147). Results indicated there
was a barrier to dimethylmercury between the maternal tissue (i.e.,
bran) and the filial tissue (i.e., polished white rice), which was not
previously reported for rice grain. Differences between varieties
were observed in Wukeng and Gouxi, but not in Xiaohe, although
the same 50 rice species were planted in all 3 sites. Results from this
study suggested some plant responses, including nutrient uptake,
were dictated by environmental pollutant levels.

MG14-P24
QUANTIFICATION OF ENVIRONMENTAL RISKS
ASSOCIATED WITH DENTAL AMALGAM DISPOSAL IN
NATIONS WITH DEVELOPING ECONOMIES
1

1

ROTHENBERG, Sarah , KATZ, Ralph
(1) NYU College of Dentistry, Dept of Epidemiology and Health
Promotion, rothenberg.sarah@gmail.com
Dental amalgam has been used for more than 150 years to repair
cavities in teeth, and is approximately 50% elemental Hg (Hgo),
a known toxic substance. A number of recent studies, including
the New England Children’s Amalgam Trial (Bellinger et al., 2006.
JAMA 295, 1775-1783) and the Casa Pia Study of the Health Effects
of Dental Amalgams in Children (DeRouen et al., 2006. JAMA
295, 1784-1792), have reported no causal relationship between
the placement of dental amalgam fillings and adverse cognitive
outcomes in children. However, environmental risks associated
with the disposal of amalgam is an environmental concern requiring
attention. Dental waste collected from the chair side and from
dental wastewater contained total Hg (HgT) and methylmercury
(MeHg) concentrations ranging from 1800-2400 μg/L and 0.90-27
μg/L, respectively, both of which were 2-3 orders higher than highly
contaminated industrial sites (Stone et al., 2003. Dental Materials
19, 675-679). While wastewater treatment standards in developed
countries may reduce the environmental risk by using advanced
treatment methods, in nations with developing economies, the
infrastructure to separate and treat wastewater may not exist or
may be poorly funded, and runoff may be a significant source
of inorganic Hg(II) and MeHg to the surrounding watershed.
Untreated dental waste may lead to elevation and biomagnification
of MeHg in the aquatic food, resulting in serious harm to human
health. The costs and benefits of using dental amalgam are
considered for nations with developing economies, where dental
care is increasing and the risk to the environment is highest.

MG7-P30
ROOT-INDUCED OXIDATION IN THE RHIZOSPHERE OF A
FLOODED RICE PADDY INCREASES METHYLMERCURY
PRODUCTION
1

1

ROTHENBERG, Sarah , FENG, Xinbin
(1) Institute of Geochemistry, Guiyang, China, rothenberg.sarah@
gmail.com
The effects of root exudates on mercury (Hg) methylation were
investigated in a flooded rice paddy in Guizhou province, China,
where three-fourths of the paddy was planted with rice while one-
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fourth remained fallow. In both regions, time series pore water pH
data were collected every 10 minutes for 63 days. Depth profiles
for Hg species were established from sediment cores, which were
extracted every 2 weeks and sectioned at 2-cm intervals (n=4 time
points). On two occasions, pore water (0-2 cm depth) was collected
every 3 hours for 24 hours to investigate diurnal Hg cycling. In the
planted region, pH was lower (Planted: pH 6.05 ~ 0.153; Fallow pH
6.95 ~ 0.286, n=8967 for both sites), and MeHg levels were higher
(Planted: 6.3 ~ 4.2 ng/L, n=36; Fallow: 3.7 ~ 1.9, n=33). Surface
water MeHg levels were approximately equal at both sites (<1 ng/L),
suggesting differences between regions were possibly due to root
exudates. In both regions, pore water total sulfide was <10 υM,
while in the planted region pore water MeHg and sulfate levels
2
were positively correlated (r = 0.16, p<0.05, Sulfate: 14-490 υM,
2
n=26; when one observation removed, r =0.33, p<0.01), but were
2
uncorrelated in the unplanted region (r = 0.08, p>0.15, Sulfate: 122100 υM, n=25). Rice roots leak oxygen (O2) into the rhizosphere, a
byproduct of photosynthesis. Higher O2 in the rhizosphere results
in replenishment of electron acceptors (e.g., sulfate), which increases
substrate for sulfate-reducing bacteria and reduces the buildup of
sulfide, leading to higher bioavailability of Hg-sulfidic species to
sulfate-reducing bacteria. In the planted region, enhanced cycling
of sulfate/sulfide likely promoted MeHg production. Rhizosphere
pH is typically 1-2 log units lower compared to the bulk soil (i.e.,
unplanted region), partially due to O2 leakage from the roots. Lower
pH is associated with higher MeHg concentrations, which was
consistent with results. However, diurnal cycling of pore water pH
was not observed in either region, while strong diurnal cycling was
observed for MeHg, with highest MeHg levels observed at midnight
on two occasions, suggesting O2 was an important control on the
cycling of Hg, more so than pH.

MG14-P23
LOW-LEVEL MATERNAL METHYLMERCURY EXPOSURE
THROUGH RICE INGESTION AND IMPLICATIONS FOR
OFFSPRING HEALTH
1

1

1

ROTHENBERG, Sarah , FENG, Xinbin , LI, Ping
(1) Institute of Geochemistry, Guiyang, China, rothenberg.sarah@
gmail.com
Fish consumption is considered the primary pathway for
methylmercury (MeHg) exposure; however, MeHg exposure
also occurs through rice ingestion. Rice is grown in an aquatic
environment and although documented MeHg concentrations in
rice are lower compared to fish tissue, human exposures exceed
international guidelines in some regions in China where rice is a
staple food and rice MeHg levels are elevated. Studies concerning
MeHg and children’s neurodevelopment should also include
populations where maternal MeHg exposure occurs through
ingestion of rice. Rice does not contain long-chain polyunsaturated
fatty acids (LCPUFA), which benefit neurodevelopment and
are associated with confounding developmental outcomes in
offspring. The tolerable level of MeHg associated with adverse
neurodevelopmental effects will likely be lower when LCPUFA are
not simultaneously ingested, since LCPUFA offset or ameliorate the
harmful neurotoxic effects from MeHg. Rice is also a staple food
for more than half the world’s population; therefore, it is critical
to investigate the potential health risks of maternal ingestion of
rice to the developing fetus, the most susceptible population to the
deleterious effects of MeHg. This review covers mercury cycling in
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rice paddies, rice MeHg levels, micronutrients in polished white
rice, and other potential confounders of concern that may help
explain results in a study concerning maternal MeHg exposure
through rice ingestion and offspring neurodevelopment.

RG1-P26

TS16-O15
ISOLATION AND CHARACTERIZATION OF RHIZOBIA
FROM LEGUMES GROWN IN SOILS WITH HIGH
MERCURY CONTAMINATION AND INOCULATION WITH
SELECTED HG-TOLERANT STRAINS.
1

EVALUATION OF DIFFERENT DIGESTION SYSTEMS FOR
DETERMINATION OF TRACE MERCURY IN SEAWEEDS
1

2

RUCANDIO, Isabel , FERNÁNDEZ-MARTÍNEZ, Rodolfo ,
3
2
GÓMEZ PINILLA, Isabel , BORLAF, Fernando , GARCÍA,
2
4
Fernando , LARREA, M. T.
(1) Unidad de Espectroscopía / División de Química / Dpto.
Tecnología / Centro de Investigaciones Energéticas, Medioambientales
y Tecnológicas (CIEMAT), Av.Complutense 22 28040Madrid, Spain,
isabel.rucandio@ciemat.es; (2) ; (3) Centro de Espectrometría
Atómica. Universidad Complutense de Madrid; (4) Departamento de
Metalurgia Física, Centro Nacional de Investigaciones Metalurgicas.
CSIC. Avda. Gregorio del Amo, 8. 28040. Madrid. Spain.
In recent decades, there has been an incredible increase in direct
consumption of seaweed as food in Western countries, partly
because of the nutritional and therapeutic benefits these products
provide. Seaweeds, as processed and unprocessed food, have a
commercial value of several billion dollars annually. Approximately
500 species are eaten by humans, and some 160 are commercially
important. In addition to the use of algal extracts in prepared foods,
seaweeds are eaten directly in many parts of the world. The ability of
marine seaweeds to effectively retain mercury as well as other heavy
metals is well known. It has been suggested that seaweeds could
absorb mercury from seawater and even from the atmosphere.
In this work total mercury contents were determined in several
commercially available seaweeds. Ten different seaweeds were
purchased from the market as dried material or pellets. In addition
BCR 279 (Sea Lettuce) was used as reference material. Four different
acid digestion systems were subject of comparison: (i) digestion in
stainless steel-PTFE bombs at high pressure and temperature (PAR),
(ii) at high temperature and atmospheric pressure in PFA closed
vessels (SAV), (iii) in open vessels using a graphite heating block
at high temperature (DP) and (iv) microwave assisted digestion in
closed vessels (MW). All digestions were carried out with nitric
acid. Determination of mercury in digested solutions was made
by cold vapour atomic fluorescence spectrometry. Assessment of
digestion methods was performed by comparison with the results
obtained by direct mercury analysis using thermal decomposition,
amalgamation and atomic absorption spectrometry. Among the
different procedures, the best mercury recoveries were achieved
with the DP digestion system.
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1

1

RUIZ-DIEZ, Beatriz , QUIÑONES, Miguel A , FAJARDO, Susana ,
2
LÓPEZ-BERDONCES, Miguel A , FERNÁNDEZ-PASCUAL,
1
2
Mercedes , HIGUERAS, Pablo L
(1) Centro de Ciencias Medioambientales. CSIC. Serrano 115 dpdo,
28006 Madrid, beatriz.ruiz@ccma.csic.es; (2) Instituto de Geología
Aplicada, UCLM. Pl. Manuel Meca, 1, 13400 Almadén (Ciudad Real).
Three different locations near Almadén (Ciudad Real, Spain) with
high (Almadenejos), medium (Las Cuevas) and low (San Quintín)
soil Hg concentrations were selected for legume-nodule and soil
sample collection. In order to study the biodiversity of rhizobia
in mercury-contaminated areas, we preceded to the isolation
and phenotypic and genetic characterization of rhizobia from
legume-nodule grown in the above mentioned soils. We have
identified 19 strains of rhizobia from 5 different plant species able
to survive in areas contaminated with mercury. The phenotypic
characterization has allowed us to classify the bacteria in relation
to mercury tolerance and to identify mercury-tolerant strains. This
represents a very important finding because, up to date no rhizobia
strains with this characteristics have been identified. Minimal
inhibitory concentrations (MICs) of more resistant strains are
in the range of 12.5-30 μM of Cl2Hg which is significantly high
as compared to the standard values. The degree of toxicity of Hg
on these strains, as measured by the effective concentration that
produces 50% mortality, has permitted to define the concentrations
of mercury to be used in trials with these bacteria. Genetic
analyses of the 16S rDNA and nodC gene have determined that
there are 3 strains of Rhizobium leguminosarum bv. viciae, 2 of
Bradyrhizobium canariense, 7 of R. leguminosarum bv. trifolii,
6 of Ensifer (Sinorhizobium) medicae and 1 of Agrobacterium
tumefaciens. Furthermore, trap plants (lupin, chick pea and bean)
were planted in all collected soils to determine their Hg absorption
and accumulation capacity and to isolate rhizobia. The results
showed that Hg accumulation was particularly high in roots and
nodules from lupin plants grown in Almadenejos soil. Therefore,
lupin was chosen to study the effect of different concentrations of
Hg in the watering solution of plants inoculated with two strains
of Bradyrhizobium canariense, L3 (control of Hg-sensitive) and
L7AH (native Hg-resistant). The results showed that Hg affected the
growth of lupin plants decreasing the mass of their aerial parts and
the number and weight of their nodules. The L7AH Hg-resistant
strain seemed to confer lupin plants some resistance regarding their
nitrogenase activity, since it remained constant through the different
Hg treatments.
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RG15-O12
TROPHIC TRANSFER OF MERCURY TO SHARKS OFF
SOUTHWEST FLORIDA
1

1

2

RUMBOLD, Darren , WASNO, Robert , HAMMERSCHLAG, Neil ,
1
1
VOLETY, Aswani , NICHOLSON, Matt
(1)Florida Gulf Coast University, drumbold@fgcu.edu; (2) Rosenstiel
School of Marine and Atmospheric Science.
As part of a larger project examining mercury transfer through a
sub-tropical marine food web in the coastal waters off Southwest
Florida, total mercury (THg) concentrations were determined
in biopsy samples collected while sharks were being tagged with
satellite or conventional tags. Additionally, stable isotopes of carbon
and nitrogen were measured in fin clips as indicators of carbon
source (δ13C) and trophic position (δ15N). As of this writing, a
total of 51 samples were collected from five species of sharks in this
on-going project: blacknose (Carcharhinus acronotus), blacktip (C.
limbatus), bull (C. leucas), great hammerheads (Sphyrna mokarran),
and tiger (Galeocerdo cuvier). Thus far, 39 of the biopsy samples have
been analyzed for Hg using a Nippon MA2000 direct Hg analyzer
and 26fin clips have been analyzed for carbon and nitrogen isotopes
by UC Davis Stable Isotope Facility (SIF). THg concentration ranged
from 0.188 mg/kg in a tiger shark to 4.52 mg/kg in a blacktip. With
a mean concentration of 3.06 ± 0.66 mg/kg, blacktip sharks on
average contained significantly higher levels of Hg than all other
species (p<0.001; Holm-Sidak post-hoc test p<0.05). The blacktip
and blacknose sharks showed an obvious increase in THg levels with
increasing size; however, they contained higher concentrations than
the much larger hammerhead, bull and tiger sharks. Further, δ15N
suggested that most of the tigers at one time had fed at a slightly
higher trophic position than the backtip and blacknose. While
among-species differences in δ15N were statistically significant (p
= 0.014), between-species comparisons were not (Dunn’s Methods
p>0.05). When shark data were overlaid on top of similar data
from invertebrates and bony fish caught off SW Florida, bull and
tiger sharks fit nicely into the THg-δ15N relationship. Yet several
smaller, bony fish appeared to be feeding at a higher trophic
position as suggested by the higher δ15N and higher THg (e.g., king
mackerel, Scomberomorus cavalla). Equally interesting, the blacktip,
blacknose and hammerhead did not fit as nicely into the THg-δ15N
relationship, having higher Hg levels than predicted based on their
δ15N. These data will be discussed in the context of ontogenetic
dietary shifts, possible differences in isotope turnover versus Hg
clearance rates in metabolically distinct tissues, and the on-going
debate regarding comparisons of diet-tissue discrimination factors
between sharks and bony fish.

TS5-P15
MERCURY EXPOSURE AND NEUROCHEMICAL IMPACTS
IN BALD EAGLES ACROSS SEVERAL U.S. GREAT LAKES
STATES
1

RUTKIEWICZ, Jennifer
(1) University of Michigan, rutkiewj@umich.edu
In this study, we assessed mercury (Hg) exposure in several tissues
(brain, liver, and breast and primary feathers) in bald eagles
(Haliaeetus leucocephalus) (n=135) collected from across five Great
Lakes states (Iowa, Michigan, Minnesota, Ohio, and Wisconsin)
and assessed relationships between brain Hg and neurochemical
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receptors (NMDA and GABAA) and enzymes (glutamine synthetase
(GS) and glutamic acid decarboxylase (GAD)). Brain total Hg
(THg) levels averaged 2 μg/g (range:0.2-34.0), and levels were
highest in Michigan birds. THg levels in liver (rp=0.81) and breast
feathers (rp=0.61) significantly correlated with those in brain. Brain
Hg was not associated with binding to the GABAA receptor. Brain
THg and inorganic Hg (IHg) were significantly positively correlated
with GS activity (THg rp=0.19; IHg rp=0.19) and negatively
correlated with NMDA receptor levels (THp rp=-025; IHg rp=-0.28),
and IHg was negatively correlated with GAD activity (rs=-0.20). We
also report upon Hg demethylation and relationships between Hg
and Se in brain and liver. These results suggest that bald eagles in
the Great Lakes region are exposed to Hg at levels capable of causing
subclinical neurological damage, and that when tissue burdens are
related to proposed avian thresholds approximately 14-27% of eagles
studied here may be at risk.

MS11-O7
APPLICATIONS AND IMPLICATIONS OF
NEUROCHEMICAL BIOMARKERS TO ASSESS MERCURY
RISKS IN WILD BIRDS
1

RUTKIEWICZ, Jennifer
(1) University of Michigan, rutkiewj@umich.edu
Mercury (Hg) is an established neurotoxicant that can induce
neurobehavioral changes that may impact survival and reproduction
in wild fish-eating birds. Field and laboratory studies have identified
Hg associated brain lesions, behavioral changes, and reproductive
impairments in several avian species. Before inducing overt toxicity,
even low levels of Hg bind to protein thiols and disrupt a variety of
cellular components, including receptors, enzymes, and transporters
involved in neurotransmission. Such biochemical changes relate
directly to brain function and because they typically precede overt
neurotoxicity, offer a sensitive indication of change before the brain
is permanently damaged. Recent work has demonstrated the value
of these changes as biomarkers of Hg’s earliest effects on the brain
in a variety of fish-eating birds, and the goal of this presentation is
to review these studies and provide recommendations for future
work. Briefly, a study of bald eagles and common loons collected
across Canada found associations between brain Hg and muscarinic
cholinergic and N-methyl-D-aspartic acid (NMDA) receptor levels.
A more recent study of bald eagles collected across the US Great
Lakes found a similar association between brain Hg and the NMDA
receptor, as well as new relationships with the enzymes glutamic
acid decarboxylase and glutamine synthetase. However, studies of
wild herring gulls and common loons that experience relatively lowlevel Hg exposure failed to find associations between brain Hg and
various neurochemical receptors, thus suggesting that a threshold
for neurological change may exist. Research currently focuses
on relating tissue Hg burdens in wild birds to neurochemistry
to determine toxic thresholds for risk assessment. Laboratory
studies using chicken embryos are now underway to validate new
biomarkers, identify Hg thresholds for neurochemical change, and
to elucidate the relationship between changes in neurochemistry
and changes in ecologically important behaviors. In addition to
being applied to assess risk for Hg induced neurotoxicity and related
behavioral changes, studies of neurochemical biomarkers in wildlife
increase our knowledge of the subclinical changes involved in
neurotoxicity and help explain species differences in Hg responses,
therefore expanding our overall understanding of the mechanisms
of Hg toxicity.
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MG4A-P4

TG7-P3

CLIMATE SENSITIVITY OF GASEOUS ELEMENTAL
MERCURY ACCUMULATION IN TREE LEAVES USING
STABLE ISOTOPES IN A CONTROLLED ENVIRONMENT

DECREASED NET OXIDATION RATES OF GASEOUS
ELEMENTAL MERCURY IN SIMULATED URBAN SMOG

1

2

2

RUTTER, Andrew , SCHAUER, James J. , SHAFER, Martin M. ,
2
2
2
CRESWELL, Joel E. , OLSON, Michael R , ROBINSON, Michael ,
2
2
PARMAN, Andrew , MALLEK, Justin , CLARY, A., KATZMAN,
T.L.
(1) Rice University & University of Wisconsin-Madison,
andrew.p.rutter@rice.edu; (2) UW-Madison
The dry deposition of gaseous elemental mercury (GEM) to plant
leaves is considered to be an important atmospheric removal process
for atmospheric mercury particularly in locations uninfluenced by
point sources. Previous studies have measured foliar accumulation
in tree leaves using field and chamber studies, but uncertainty
remains in the dependence of foliar accumulation on temperature
and irradiance. It is important for modeling mercury deposition
under future climate scenarios to be able to account for these
dependences.
The goal of this study was to experimentally measure these
dependences by exposing tree saplings to isotopically enriched
GEM under different temperature and light settings, and to then
parameterize the observed relationship for use in atmospheric
mercury models. White Ash, White Spruce, and Kentucky Blue
Grass were exposed for 1 day in a controlled environment room
at the University of Wisconsin Biotron. Temperature was varied
o
o
between 10 C and 30 C, while irradiance was varied between dark
-2
and 170Wm . GEM enriched in stable isotope 198 (GEM-198) was
released into the room from a custom built vapor source over the
course of the experiment. Mercury was recovered from the samples
using acidic digestions and leaches, and then analyzed for the
content of GEM-198 by high resolution ICPMS. The measurements
were parameterized using the resistance model of dry deposition,
and the data were then interpolated to produce temperatureirradiance-resistance surface plots.
The newly determined relationships between dry deposition
resistance, and temperature and irradiance were used to estimate
foliar accumulation of GEM at Devil’s Lake State Park, WI.
Measurements of GEM, PHg, and RGM made during the growing
season of 2003 using a Tekran atmospheric mercury analyzer
(1130-1135-2537) were used with the resistances from this
study and published values in order to model and compare the
deposition of GEM, PHg and RGM to tree foliage in the Park. Foliar
accumulation estimates of GEM compared well with measured foliar
accumulations from other northern forests. Comparisons between
RGM, PHg and GEM dry deposition estimates to foliage revealed
that GEM was always at least as important as RGM and PHg.
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1

2

3

RUTTER, Andrew P. , SCHAUER, James J. , GRIFFIN, Robert J. ,
3
4
2
SHAKYA, Kabindra M. , LEHR, Rebecca , PARMAN, Andrew
(1) Rice University & University of Wisconsin-Madison,
andrew.p.rutter@rice.edu; (2) UW-Madison; (3) UNH and Rice
University; (4) UNH.
Estimates for the atmospheric lifetime of mercury depend upon a
complete understanding of the oxidation and reduction processes
which occur in dry and deliquesced aerosols. Previous research
provides reaction kinetics of GEM oxidation by halogens, ozone and
the hydroxyl radical in homogeneous reaction systems studied in
small halocarbon coated reactors. In order to more closely represent
complex atmospheric reaction systems we conducted oxidation
experiments during the formation of secondary organic aerosol,
to explore the effects of reactive organic species on the reaction in
both the gas and particle phases. The reactions were performed in
a 9-m3 Teflon smog chamber irradiated with UV lights, generating
both homogeneous and heterogeneous photochemical reaction
systems consisting of volatile organic compounds (VOC), ozone,
and secondary hydroxyl radicals. The kinetics of the ozone and
GEM reaction were measured to provide a consistency check with
previous publications. Then VOCs were added to the chamber to
study the impact of reactive species produced during the reactions
between ozone and isoprene, alpha-pinene, toluene, and propene.
In some experiments OH scavenger was added to observe the effect
secondary OH had on the net oxidation.
The net conversion of GEM to RM during the formation of SOA
was decreased when compared to the ozone-only case. In each case,
net GEM conversion to RM deviated away from model predictions
which used the classically studied Hg-ozone reaction, although
the time at which this deviation occurred varied between cases.
Numerical model schemes of the VOC oxidation did not identify
a specific species or class of species by which the net oxidation is
decreased. This result suggests that the decreased net oxidation may
be caused by some aspect of the particle surface composition or gasphase VOC chemistry which is not yet included in the model.
Si, L. and Ariya, P. A. (2008). Reduction of oxidized mercury species
by dicarboxylic acids (C-2-C-4): Kinetic and product studies.
Environmental Science & Technology 42, 5150-5155.
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WS12-O3
A WARMING CLIMATE INCREASES EXPORT OF MERCURY
FROM SUBARCTIC PERMAFROST MIRES TO LAKES
1

1

2

RYDBERG, Johan , KLAMINDER, Jonatan , ROSÉN, Peter ,
1
BINDLER, Richard
(1) EMG, Umeå University, johan.rydberg@emg.umu.se; (2) CIRC,
Umeå University.
Over time, large amounts of atmospherically deposited mercury,
both from natural and anthropogenic sources, have been
sequestered together with carbon in peatlands throughout the
arctic and subarctic regions. Many of these peatlands are currently
underlain by permafrost, which controls their stability and
hydrology. With the ongoing climate change there is a concern that
permafrost thawing will turn large areas of these northern peatlands
from carbon/mercury-sinks into much wetter carbon/mercurysources. By combining adjacent peat and lake sediment records we
can here show that such a change in mire structure in the subarctic
Stordalen mire (northern Sweden) is responsible for an increase in
the export of mercury to the adjacent lake Inre Harrsjön.
The Stordalen mercury records can be divided into three different
periods. I) The pre-industrial period. During this period mercury
concentrations in the peat record were relatively constant (61 ±20 ng
-1
g ). A similar stable pre-industrial mercury background level does
not occur in the lake sediment record. Instead there are considerable
fluctuations in the mercury levels throughout the period pre-dating
1850. During this period there is a close link between mercury
and the in-transport of carbon to the lake, which indicates that
organically bound mercury from the mire largely controls the lake
sediment mercury levels. II) The anthropogenic period. Around
1850 the mercury concentration in both the peat and lake records
started to increase due to anthropogenic mercury deposition, both
on the mire and directly on the lake. The mercury concentrations
continued to increase until the 1970s, when a decreasing trend
starts in both records. III) The permafrost thaw period. Even though
the mercury accumulation in the peat continues to decrease until
present time, both the mercury levels in the lake sediment starts
to increase in the beginning of the 1990s. This increase can likely
be linked to an observed increase in permafrost thawing and
thermocarst erosion in the Stordalen mire at this time.
Our findings indicate that, in areas with permafrost, climate and
mire dynamics might have an effect on mercury loading to lakes.
Because thawing of permafrost and a subsequent export of carbon is
a wide spread phenomenon, substantial amounts of mercury are, if
other systems behave in a similar way as the Stordalen mire, at risk
of being released into sensitive arctic surface waters.

TG7-O3
A NATURAL SOURCE OF HGS IN BIOGENIC SEDIMENT
COMPOSED OF PHYTOPLANKTON IN CENTRAL
CALIFORNIA WATERSHEDS: A PRESENT DAY ANALOGUE
TO STRATA BOUND HGS-SILICA ORE DEPOSITS
1

RYTUBA, James
(1) U.S. Geological Survey, jrytuba@usgs.gov
In central California saline connate ground waters within
Cretaceous sandstone reach the surface along fault zones to form
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cold springs and provide saline waters to several watersheds.
The saline waters have naturally elevated Hg concentrations, up
to 234 ng/L, and elevated concentrations of Ba, W, Mg, sulfate
and carbonate. During the summer dry season under low flow
conditions in these watersheds, the stream waters are composed
primarily of saline connate water and have only a minor component
of meteoric water. High concentration of dissolved organic carbon
and other nutrients in the saline stream waters results in blooms of
phytoplankton and accumulation of biogenic sediment composed
primarily of diatoms and lesser amounts of calcium carbonate,
magnesite, and Mg clay minerals. The biogenic sediment contains
micron to submicron particles of HgS, FeS, barite, and a tungsten
phase dispersed within shells of diatoms that comprise the sediment.
Concentrations of Hg in the biogenic sediment is high ranging from
1,000-10,000 ng/g, and monomethylmercury (MMeHg) ranges
from 0.1 to 10 ng/g. Phytoplankton are known to hyper accumulate
MMeHg, and at a lesser amount Hg (especially in mine impacted
lakes) with bioaccumulation factors commonly over 20,000. The Hg
bioaccumulation factor is 64,000 for phytoplankton in the biogenic
sediment in the Harley Gulch watershed in central California and
this accounts for the high concentration of Hg in the biogenic
sediment. Decay of phytoplankton in the biogenic sediment releases
MMeHg and Hg into the pore waters that react with sulfide derived
from reduction of sulfate below the redox boundary. This results
in precipitation of submicron size particles of HgS and FeS, and
the decrease in sulfate concentration as sulfate is reduced to sulfide
results in the precipitation of barite. In watersheds such as Harley
Gulch, Hg enriched biogenic sediment is a continuing source of
natural Hg that contaminates the watershed despite clean up of Hg
mines at the head of watershed.
The process of Hg enrichment in biogenic sediment by
phytoplankton bioaccumulation of Hg has been operative during
the geologic record where small streams and ponds are dominated
by saline connate waters. The class of strata bound silicacinnabar-tungsten ore deposits are the result of biogenic and not
hydrothermal processes in these specialized environments. Some
diatomite deposits that form in restricted basins are enriched in Hg
as a result of this process and a subclass of opalite type Hg deposits
formed in this manner.

MG4A-O4
ATMOSPHERIC MERCURY TRENDS FROM 1990-2005: A
MODELING ANALYSIS
1

1

1

RYZHKOV, Andrei , DASTOOR, Ashu , FIGUERAS, Daniel ,
1
1
DURNFORD, Dorothy , DUGAS, Bernard
(1) Environment Canada, andrei.ryjkov@ec.gc.ca
Recently, the Arctic Monitoring and Assessment Programme
(AMAP) re-analyzed 1990-2005 anthropogenic global mercury
emissions and developed a compatible set of historical global
emission inventories that are suitable for modeling the impact of
changing mercury emissions on global distribution of atmospheric
mercury. The re-analyzed inventories use a common methodology
and a more consistent information base for estimating certain
emissions. Details are found in a report on this work available at
AMAP website. Environment Canada’s mercury model GRAHM
(Global/Regional Atmospheric Heavy Metals Model) was applied
to assess the impact of changing anthropogenic emissions and
meteorology on the mercury concentrations and deposition globally
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from 1990 to 2005. The changes in meteorology reflect the interannual variability and climate change during this period.
GRAHM is an Eulerian multi-scale atmospheric model which
simulates all meteorological processes and Hg related physicochemical processes in a single system. The model simulates
transport, transformation and surface exchange of Hg fluxes. The
sources of Hg emissions in the model include anthropogenic,
natural and reemission of previously deposited Hg from land and
oceans. GRAHM was previously shown to give satisfactory results.
Continuous run from 1990 to 2005 was performed to develop
a comprehensive historical picture of the global distribution of
mercury. The Japanese 25-year Reanalysis Project (JRA-25) data
were used to provide meteorological and climatological fields to the
model.
Globally mercury deposition shows very small trend, however
regionally the changes are large. Deposition significantly increased
for the given period in East and South Asia, 26% and 8%
correspondingly. Whereas deposition in East Asia steadily rises,
deposition in South Asia peaked in 1997. Besides these regions,
there is only one other region, Australia & Oceania, which has
noticeable positive trend of 2.5%. Large decrease of the deposition
occurred in Europe, 35%, and to less extent in Central Asia and
North America, 18% and 14% correspondingly. South America and
Africa have no noticeable tendency. Deposition to Arctic exhibits
large variability, however without obvious trend, which shows larger
impact of meteorology and global sources of mercury to this region.
Complete analysis of the results will be presented at the conference
making use of the observed trends where possible.

RG1-P5
ZEEMAN AA MONITORS FOR MERCURY
DETERMINATION IN AMBIENT AIR AND GASES
WITHOUT ABSORPTION TRAPS
1

1

RYZHOV, Vladimir , SHOLUPOV, Sergey E. , POGAREV, Sergey
2
3
E. , MASHYANOV, Nikolay R.
(1) Lumex Ltd, Hg@lumex.ru (2) St.Petersburg State University; (3)
St. Petersburg State University.
Three basic models of real-time monitors RA-915AM based on
Zeeman atomic absorption spectroscopy have been developed for
continuous monitoring of ambient air, natural, stack and process
gases. Zeeman AAS enables direct analysis of mercury in a gas
flow without pre-concentration step. This decreases unpredictable
errors typical for trap analyzers due to traps aging and poisoning.
Zeeman background correction coupled with a multi-path analytical
cell with the effective length up to 10 meters provides unique
combination of the low detection limit and high selectivity of
analysis.

selected properly. The method is fully compliant with new European
standard EN 15852 - Ambient air quality - Standard method for
the determination of total gaseous mercury. Examples of the RA915AM applications for monitoring ambient air, natural and process
gases are given.

RG11-P13
USE OF HUMAN BIOMONITORING RESULTS TO
VALIDATE IN VITRO BIOACCESSIBILITY DATA FOR
INORGANIC MERCURY IN SOIL FROM A NORTHERN
CANADIAN SMELTER COMMUNITY
1

1

SAFRUK, Adam , SIGAL, Elliot
(1) Intrinsik Environmental Sciences Inc., asafruk@intrinsikscience.
com
Emissions from a base metal smelting complex in Flon Flon,
Manitoba, Canada have resulted in elevated concentrations of
metals in the surrounding environment. As part of the Flin Flon
Soils Study, a human health risk assessment (HHRA) was conducted
to assess exposure and risks associated with a number of metals
including mercury. An in vitro bioaccessibility study was completed
for residential soils and indicated an average bioaccessibility of
1.2% for total mercury (gastric phase analysis). In vitro studies have
been designed to simulate conditions of the human gastrointestinal
tract (e.g., pH, temperature, and chemical composition of solutions
in both the stomach and small intestine) in order to mimic the
mobilization of compounds from soil during digestion and to help
reduce uncertainty associated with predicting exposure from soil
ingestion pathways. Most regulators in Canada only consider in vitro
results for lead and arsenic to have been sufficiently validated with
in vivo studies to allow for its use in the HHRA process. Therefore,
in vitro bioaccessibility results for inorganic mercury were not
utilized in the HHRA. Assuming 100% bioaccessibility for inorganic
mercury in soil, results from the HHRA indicated the need for
further assessment of exposure and risk. An Exposure Study
(biomonitoring) was undertaken for children (under 15 years of age)
in the Flin Flon area to examine urinary inorganic mercury levels.
The Exposure Study was conducted to help validate the HHRA’s
exposure estimates and to examine how levels of exposure compare
to levels in children living in other parts of Canada and the U.S.
Approximately 50% of urine samples (n=188) had levels of urinary
inorganic mercury below the limit of detection (0.1 μg/L), with an
average level of 0.11 μg/L. Despite high variability in mercury soil
concentrations within sub-communities, soil concentrations did not
appear to influence urinary mercury levels. These results provide
evidence that mercury bioaccessibility in residential soil in the Flin
Flon area was likely well below 100% and HHRA estimates would
have been better approximated through inclusion of the in vitro
study results.

Optical cells with various optical lengths cover the full range of
possible mercury concentrations in air and gases. The RA915АМ
monitors do not need any compressed gases and regular calibration;
zero and span corrections are adjusted automatically using the
built-in zero filter and calibration test cell with saturated mercury
vapor. It extends the RA915АМ unattended operation up to six
months. Statistical data show that the auto calibration function
reduces the analytical error caused by the sensitivity drift down
to 2% of the measured concentration. The errors emerged from
the zero drift can be neglected if the zero drift correction period is
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TS16-O11
RETROSPECTIVE STUDY ON TEMPORAL AND REGIONAL
VARIATIONS OF METHYLMERCURY CONCENTRATIONS
IN PRESERVED UMBILICAL CORDS COLLECTED FROM
INHABITANTS OF THE MINAMATA AREA, JAPAN
1

2

3

SAKAMOTO, Mineshi , MURATA, Katsuaki , AKAGI, Hirokatsu
(1) National Institute for Minamata Disease, sakamoto@nimd.go.jp;
(2) Akita University School of Medicine; (3) International Mercury
Laboratory.

The epidemic known as “Minamata disease” was the first instance
on record of severe methylmercury poisoning caused by man-made
environmental pollution. It was caused by the consumption of large
amounts of fish and shellfish contaminated with methylmercury,
which was generated as a by-product of an acetaldehyde production
process and discharged from the Chisso Minamata plant. Since
an accurate appreciation of individual methylmercury exposure
levels was impossible, neither the actual time-course nor regional
distribution of methylmercury pollution in the Minamata area
could be determined at the time of heavy pollution. However,
Japanese people even today have long observed an ancient custom
of preserving the infant’s umbilical cord as a memento of its birth.
The present study was conducted to investigate the historical
time-course changes and regional distribution of methylmercury
concentrations in preserved umbilical cords collected from
Minamata-area inhabitants born between 1947 and 1990. The data
from Miyazaki, Tottori, Akita, Tsushima, Fukuoka and Tokyo were
used as controls. A total of 325 data were analyzed to estimate
the temporal and spatial distribution of methylmercury among
inhabitants born in the Minamata area. Elevated methylmercury
concentrations (≥1 μg/g) were mainly observed in inhabitants
born between 1947 and 1968. That peak coincided with the period
of acetaldehyde production in Minamata. The methylmercury
concentrations started to decrease in keeping with the decline of
acetaldehyde production, which ceased in 1968, and thereafter the
methylmercury levels gradually decreased to the control levels.
Elevated methylmercury concentrations were first observed in the
districts of Minamata, followed by Izumi, Tsunagi and Ashikita,
indicating the time-course-dependent regional distributions of
methylmercury pollution.The methylmercury concentrations in the
preserved cords reflected not only the historical time-course but
also the regional distribution of methylmercury exposure among
inhabitants born in this area.

MG4A-O15
SOURCES OF MERCURY IN AEROSOLS ON ASIANCONTINENT SIDE OF SOUTHWESTERN JAPAN INFERRED
FROM CONCENTRATIONS OF RELATED ELEMENTS AND
BORON ISOTOPE RATIO
1

SAKATA, Masahiro
(1) Institue for Environmental Sciences, University of Shizuoka,
sakatam@u-shizuoka-ken.ac.jp
The Asian continent is regarded as one of the most significant source
regions in the world with regard to anthropogenic emissions to
the atmosphere. Hence, there have been increased environmental
concerns associated with the long-range transport of air pollutants
caused by the marked increases in economic and population growth
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rates in China and other eastern Asian countries. Research over
the last few decades has shown that various gaseous and particulate
pollutants, including nonsea salt sulfate, nitrate, O3, heavy metals,
polycyclic aromatic hydrocarbons and black carbon, are transported
from the Asian continent to Japan during winter and spring when
airflows from the Asian continent are dominant. In this study, we
examined the sources of mercury in aerosols at a site (Matsuura
City, Nagasaki) on the Asian-continent side of southwestern Japan,
which were inferred from the concentrations of related elements (Al,
As, B, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sb, V and Zn) and the boron
11
11
isotope ratio (δ B). δ B may be useful as a tracer of coal-burning
plumes from the Asian continent. Aerosols were collected on quartz
fiber filters using a high-volume air sampler in the second half (~2
weeks) of each month from April 2004 to March 2006. The Hg
concentration in the aerosols generally showed a seasonal variation,
namely, a decrease during summer and then an increase during
winter. Factor analysis was applied to a data set of concentrations.
Totally, 78.5% of the variance was explained by three factors, one
of which had a high loading (0.73) of Hg along with those of As,
11
B, Cd, Pb, Sb and Zn. Moreover, the δ B of the aerosols decreased
11
significantly during winter, and the estimated δ B of B originating
from nonsea salts showed negative values (approximately -17 –
-27‰) during this season. Coal accounts for a major portion of
the total primary energy supply in China. Coal enriches boron and
11
generally represents negative δ B values. These suggest that the
emission of particulate Hg from industries, primarily from coal
burning, in China is the most likely source.

TG5-P10
HG SPECIES IMMOBILIZATION BY METAL DOPED
CALCIUM PHOSPHATE
1

1

SALIM, Vera M M , RESENDE, Neuman S.
(1) Federal University of Rio de Janeiro UFRJ-Coppe, vera@peq.coppe.
ufrj.br
Decontamination of natural gas and water polluted by mercury is
still a challenge to the environmental science regarding safe storage
and post-removal treatment of used sorbent.
Mercury has been detected at low trace levels in natural gas
worldwide and must be removed below detectable levels of 0.01 μg/
3
Nm to avoid corrosion and several additional failures in natural gas
plant.
The contaminated material resulting from such processes needs
to obey more and more restrictive laws and regulations for safe
disposal.
Concerning this request we studied the mercury immobilization in
Cu doped calcium phosphates materials used in decontamination
process on gas system.
Sorption experiments for mercury removal from contaminated gas
0
(9 ng Hg /mL N2) were carried out in fixed bed reactor at room
temperature and atmospheric pressure with on line cold-vapor
0
Hg analyzer - Zeeman atomic absorption spectrometer (RA-915+,
Lumex). The mercury concentration of spent adsorbent (24 mg Hg/
gadsorbent) was measured by Lumex equipment RA-915+ with RP-91C
attachment for solid samples analysis.
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Stabilization of metallic mercury (Hg0) in a CuSx doped synthetic
calcium apatite has been evaluated by lixiviation tests and thermal
treatment.
Exhausted samples were suspended in water, with pH 5 and room
0
temperature, from 24h to 495h. Hg from extraction solution was
measured by cold vapor atomic absorption method using FIMS-400
– Perkin-Elmer. The Hg released (accumulated mass) from multiple
extractions after 495h was 1.18x10-4 mg Hg/50 mL that corresponds
to 0.52%relative to initial Hg mass presents in adsorbent.
The samples were also submitted to thermal treatment in the
same sorption system using N2 flow (30 ml/min) and heating,
first at constant rate (10 °C/min), up to 60 °C, and then, kept at
this maximum temperature for 10 h. The released mercury was
measured on line by Zeeman atomic absorption spectrometer (RA915+, Lumex) equipment. The results show that no mercury was
detected on gas effluent.

that exceeded threshold concentrations. Large female fish make a
greater contribution than small fish to total reproductive output and
are also more likely to be at risk from mercury due to the positive
relation between mercury concentrations and fish size. Many water
bodies had fish slightly larger than the size of first reproduction with
predicted mercury concentrations that exceeded threshold values,
although concentrations in smaller, first-spawning fish did not. Our
assessment is, therefore, conservative and a greater percentage of
fish populations are potentially at risk of injury from methylmercury
contamination. Conclusions about the percentage of sites with
populations at risk should not be extrapolated to unsampled
populations and to the region as a whole. However, results do
indicate that fish populations at a substantive number of locations
within the Great Lakes region are at risk from methylmercury
contamination and would benefit from reduction in mercury
concentrations.

MS11-P4

From the stabilization results and solid material characterization
we were able to point out that the immobilization phenomenon
0
maintains Hg ions firmly on CuSx held into Ca10(PO4)6OH2
structure.

SUBLETHAL EFFECTS OF MERCURY IN LIVERS OF FISH
FROM U.S. NATIONAL PARKS OF THE WESTERN GREAT
LAKES REGION
1

MS11-O8
ECOLOGICAL RISK OF METHYLMERCURY TO
PISCIVOROUS FISH POPULATIONS OF THE GREAT LAKES
REGION
1

2

3

SANDHEINRICH, Mark , BHAVSAR, Satyendra , BODALY, Drew ,
4
5
DREVNICK, Paul , PAUL, Eric
(1) University of Wisconsin-La Crosse, sandhein.mark@uwlax.edu
;(2) Ontario Ministry of Energy and Environment; (3) Penobscot River
Mercury Study; (4) Université du Québec; (5) New York Department
of Environmental Conservation.
Contamination of fish populations with methylmercury is
common in the region of the Laurentian Great Lakes, primarily as
a result of atmospheric deposition and methylation of inorganic
mercury. Using mercury data from government monitoring
agencies and information on tissue concentrations injurious to
fish, we conducted a risk assessment of mercury to populations of
walleye (Sander vitreus), northern pike (Esox lucius), smallmouth
bass (Micropterus dolomieui), and largemouth bass (Micropterus
salmoides) in the Great Lakes and in interior lakes, impoundments,
and rivers of the Great Lakes region. The assessment included
more than 43,000 measurements of mercury in fish from more
than 2000 locations. The size of first reproduction of female fish
of each species was selected as the standard-size fish for the risk
assessment. Concentrations of methylmercury in standard-size fish
were estimated from the relation between mercury concentration
and total length of individual fish at each location and compared
to toxicity reference values for mercury from the literature. The
results suggest that from 8% (largemouth bass) to 44% (walleye)
of the populations are at risk and exceeded calculated threshold
1
tissue concentrations of 0.20 μg g- wet weight in the whole body.
Populations of standard-size fish at 2-18% of sites are at high risk
-1
and exceeded 0.30 μg g where significant injury is predicted to
occur. Most populations at high risk were from interior lakes and
impoundments. In the Great Lakes, only 3 of 67 sites had walleye
and no sites had northern pike, smallmouth bass or largemouth bass
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1

SANDHEINRICH, Mark B. , BAILEY, Sean W. , BUECHEL, Sondra
1
1
1
1
C. , HARO, Roger J. , ROLFHUS, Kristofer R. , WIENER, James G.
(1) University of Wisconsin-La Crosse, sandhein.mark@uwlax.edu
Exposure to methylmercury causes oxidative stress in the tissues
of fish through the formation of radical oxygen species and lipid
peroxidation. Lipid peroxidation of membranous organelles
produces lipofuscin, a pigment that accumulates in the liver of
fish. A previous study demonstrated that liver pigmentation can
be measured spectrophotometrically and was correlated with total
mercury in the liver and axial muscle of northern pike. We evaluated
the effects of methylmercury on fish health as part of a project
assessing the bioaccumulation of methylmercury in biota from
six national parks of the western Great Lakes region (USA). Our
objectives were to determine (1) if fish could be easily categorized as
having low or high concentrations of mercury based solely on visual
inspection of liver color and (2) if the quantity of lipofuscin in liver
was correlated with mercury in the axial muscle of northern pike,
largemouth bass, and smallmouth bass. Without knowing the source
of the fish or the concentration of mercury in the axial muscle,
the color of individual livers was classified as light, intermediate,
or dark. Pigment from livers was extracted with chloroform and
measured spectrophotometrically. There was a significant difference
in the mean concentration of mercury in the axial muscle of fish
with livers that were classified as light, intermediate or dark. For
example, concentrations of mercury in northern pike with dark
livers were almost two-fold those of pike with light livers. There
was a significant positive relationship between liver color and
concentrations of mercury in the axial muscle of northern pike
and smallmouth bass, but not largemouth bass. Results of this
study suggest that liver color may potentially be used to estimate
relative concentrations of mercury in fish. There is also evidence of
deleterious effects of mercury on fish in several national parks of the
Great Lakes region and that fish species differ in their sensitivity to
mercury.
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TG10-P16

MG4A-O13

INPUT PATHWAYS OF MERCURY IN THE COASTAL ZONE
OF THE GULF OF GDANSK, THE SOUTHERN BALTIC SEA

ATMOSPHERIC MERCURY ACCUMULATION RATES
DURING THE PAST CA. 12,000 CALENDAR YEARS BP
RECORDED BY HONGYUAN PEAT IN THE EASTERN
TIBETAN PLATEAU, CHINA

1

1

SANIEWSKA, Dominika , BELDOWSKA, Madgalena ,
1
2
3
1
BELDOWSK , Jacek , SANIEWSKI, Michał , SZUBSKA, Marta ,
1
1
ROMANOWSKI, Andrzej , FILA, Grzegorz , FALKOWSKA,
1
Lucyna
(1) University of Gdansk, Poland, d.murawiec@gmail.com; (2)
Institute of Oceanology, PAS, Poland; (3) Institute of Meteorology and
Water Management, Maritime Branch in Gdynia, Poland.
The Baltic Sea is an inland sea surrounded by economicallydeveloped and industrialized countries. For this reason, it is
particularly vulnerable to anthropogenic pollution originating from
urbanized and densely populated Eastern and Central Europe.
The depth of the Baltic Sea (average 52 m) and low rate of water
exchange with the North Sea favor the accumulation of pollutants.
The aim of this research was to assess the extent of mercury
pollution of the coastal zone of the Southern Baltic Sea and to
evaluate the relative importance of the input pathways. For this
purpose total mercury concentrations were measured in the
atmospheric precipitation, in aerosols and in the water and SPM
from rivers in different parts of the Southern Baltic coast in the
years 2008-2010.
Hg concentrations observed in the Southern Baltic varied greatly,
showing the highest average values near the Vistula mouth (median:
-3
4.5ng•dm ). Also near an industrial city (Gdynia) elevated
concentrations of mercury in water and particulate matter were
measured, compared to the open waters the Southern Baltic Sea.
Among the studied rivers draining into the Gulf of Gdansk, the
-1
largest flux of mercury was introduced by Vistula (0.15 Mg•year ).
Kacza River and Oliwski Stream transported to the coastal zone of
-1
the Gulf of Gdansk similar loads of mercury (about 15 g•year ),
representing approximately 0.01% of the load brought by Vistula.
Mercury which entered the Baltic Sea from rivers occurred mainly
in the suspended form.
Hg concentrations in precipitation in Gdynia varied between 0.4
3
-3
ng•dm- and 12.0 ng•dm , while mean concentration equaled
5.0 ng•dm-3. These values were close to mercury concentration
found in different stations at the coast of the Southern Baltic Sea.
Atmospheric deposition of mercury in Gdynia amounted to 2.9
1
g•km-2•year- and mainly depended on the concentration in
precipitation and the intensity and duration of rainfall.
-3

-3

TPM concentration varied between 2 pg•m and 142 pg•m and
was comparable to other coastal areas of the Baltic. Deposition
flux of Hg in coarse particles during heating season reached
-2
-1
-2
-1
2 μg•m ∙season and during non-heating season: 1 μg•m ∙season .
According to international HELCOM reports, Poland is indicated as
a main mercury source among the Baltic Sea countries. Experiments
performed in the coastal zone of the Southern Baltic Sea, indicate
that values from these reports are significantly overestimated.
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SAPKOTA, Atindra , FENG, Xinbin
(1) Institute of Geochemistry, Chinese Academy of Sciences,
saptotaatindra@gmail.com
Peat cores have been used successfully as an environmental archive
of an atmospheric deposition of elements of interest. However, most
of these studies are predominantly focused on the peat cores from
Europe and America. Here, a peat core from the Hongyuan peat in
the eastern Tibetan Plateau, China is being used to reconstruct the
atmospheric deposition of mercury (Hg) and other elements such as
Ti, Pb, Cu, Zn, etc. The age dating of the ca. 500 cm long peat core
showed the Hg accumulation for the past ca. 12,000 Cal. Years BP.
The ash content calculated on the peat core showed that the peat
is predominantly minerotrophic. However, other similar studies
has shown that the minerotrophic peat could also be successfully
used for the reconstruction of past atmospheric deposition of Hg.
The initial measurement of Hg on obtained peat samples showed
that the Hg concentration varies between few ng/g (e.g. ~ 20 ng/g)
to several hundred (e.g. ~ 950 ng/g) indicating either the changes
in sources or the changes in the deposition rates of Hg in the peat
core. Therefore, further analysis of other elements such as Ti and Br
which are indictor of soil dust and marine spray, respectively, would
help to identify the enrichment of Hg either from natural sources
such as marine spray, soil dust or anthropogenic input. Therefore, it
is expected that the detailed analysis of Hg and its isotopes including
other elements in the collected peat core would provide the Hg
deposition rates in the South East Asia both from natural input and
anthropogenic input for the entire Holocene.

RS1-O2
INFERRING VEGETATION-ATMOSPHERE GASEOUS
ELEMENTAL MERCURY EXCHANGE PROCESSES FROM
MULTI-SEASONAL CANOPY-SCALE MEASUREMENTS
1

1

1

SCANLON, Todd M. , CONVERSE, Amber D. , RISCASSI, Ami L. ,
1
FISCHEL, Jason S.
(1) University of Virginia, tms2v@virginia.edu
Exchange of gaseous elemental mercury (GEM) between vegetation
and the atmosphere plays a major role in Hg accumulation and
cycling within the environment, yet this fundamental component
of the terrestrial Hg cycle remains poorly characterized. A
widely-accepted conceptual model is that GEM exchange occurs
primarily through plant stomata, but recent evidence from
whole-plant chamber studies has indicated that non-stomatal
uptake may actually be more important. We examine evidence
for GEM depositional and emission pathways from previously
published studies and present our own data from multi-seasonal
measurements made over an uncontaminated high-elevation
wetland meadow in Shenandoah National Park, Virginia. In this
setting, nighttime deposition (when stomata are closed) and the
poor correlation between Hg fluxes and canopy conductance during
periods of active vegetation growth suggest that stomatal processes
are not the dominant mechanism for ecosystem-level GEM
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exchange. Strong springtime deposition relative to summer implies
that young vegetation is better at scavenging Hg, with the highest
deposition occurring at night and possibly via a cuticular pathway.
We also present GEM flux data from an ongoing experiment
conducted over a forested site in the Piedmont region of Virginia,
and interpret these results in the context identifying the dominant
vegetation-atmosphere exchange pathways.

RG11-O7
MERCURY EXPOSURE FROM FISH CONSUMPTION IN
SUBSISTENCE AND RECREATIONAL FISHERS IN RURAL
OKLAHOMA
1

1

2

SCHAIDER, Laurel , BACKUS, Ann , HATLEY, Earl , JIM,
2
3
2
1
Rebecca , LYNCH, Robert , MANDERS, Gina , SPENGLER, John ,
1
SHINE, James
(1) Harvard School of Public Health, lschaide@hsph.harvard.edu (2)
LEAD Agency; (3) University of Oklahoma Health Sciences Center.
Exposure to methylmercury through fish consumption is a public
health concern. American Indians and other ethnic populations
are potentially exposed to higher levels of methylmercury than
the general population through reliance on subsistence fishing
practices. The goal of our project is to determine whether ethnic
populations (American Indians, Hispanics, and Micronesians)
and recreational anglers in northeastern Oklahoma are exposed
to elevated mercury levels resulting from their fishing practices.
Our study site is the Grand Lake watershed, which is downwind
and downstream of several mercury pollution sources. Our project
addresses community concerns about mercury exposure through
consumption of locally-caught fish and the lack of information
about mercury contamination and bioaccumulation in this
watershed.
The project has three major components: a survey of mercury
concentrations in commonly-consumed types of fish throughout
the watershed; a study of mercury exposure among high-end
fish consumers, including quarterly collection of food frequency
questionnaires (FFQs) and hair samples as biomarkers of mercury
exposure; and the establishment of ongoing community education
and outreach programs and partnerships with state and regional
agencies.
Community participation is an integral part of our study design
and implementation. Throughout the development of our FFQ, we
incorporated feedback from a community advisory board, a council
of fishing experts, and multiple focus groups. In this way, we have
included many perspectives; however, inclusion of members of the
area’s small, insular Micronesian population has posed a greater
challenge. Working with high school age Micronesian youth has
been a powerful tool for incorporating their unique perspective into
our study design and identifying potential participants from their
community.
In addition, we are relying on community members and local
government agencies as resources for fish collection. We have
welcomed individuals in the community, including participants
in the exposure study, to share samples of fish caught throughout
the watershed, and provided the option for them to receive the
results of mercury analyses of their samples. We also have collected
samples of bycatch from fish population surveys by the local wildlife
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conservation department. These approaches, which reduce sampling
size requirements for our own fish collection, increase community
buy-in and raise community awareness of our study and broader
issues relating to mercury and public health.

WS7-O3
DYNAMIC MODELING OF LANDSCAPE CONTROLS ON
THE MOBILIZATION OF MERCURY AND DISSOLVED
ORGANIC CARBON IN A FORESTED NORTH-EASTERN
USA WATERSHED
1

2

3

SCHELKER, Jakob , BURNS, Douglas A. , WEILER, Markus ,
1
LAUDON, Hjalmar
(1) Swedish University of Agricultural Sciences, Umeå, Sweden, jakob.
schelker@slu.se (2) U.S. Geological Survey, New York Water Science
Center, USA; (3) Albert-Ludwigs Universität, Freiburg, Germany.
The transport of mercury and dissolved organic carbon (DOC)
during high flow conditions such as snowmelt is known to account
for a major fraction of the annual total mercury (THg) and
DOC loads in many northern catchments. We used a combined
field and modeling approach to study the controls on THg and
DOC transport in Fishing Brook, a headwater tributary in the
Hudson River basin of the Adirondack Mountains, New York.
Specifically we tested how the saturation-state of catchment
soils and the hydrological connectivity of riparian wetlands and
upland/wetland transition zones to the stream network effects the
mobilization of Hg. Stream water THg concentrations typically vary
-1
strongly (mean = 2.25 ± 0.5 ng L ) and show a counterclockwise
hysteresis of concentration to discharge during snowmelt. Further,
a large fraction (40-48%) of the yearly THg load is exported
to downstream ecosystems during snowmelt. Methyl mercury
(MeHg) concentrations also showed high values (0.02 to 0.26 ng
-1
L ), but follow an inverse logarithmic relationship with discharge.
Application of a dynamic hydrological model (TOPMODEL) based
on a 10x10m elevation model of the catchment shows that twothirds of the simulated saturated area at peak flow corresponded
with wetland areas determined by remote sensing. Application of a
multi-direction flow algorithm based on an elevation-above-creek
(EAC) approach further suggests that most of the wetlands become
well connected to the stream network during high flow conditions.
The dynamics of TOPMODEL-simulated saturated area and soil
storage deficit were able to explain a large part of the variation of
2
2
THg concentrations in stream water (r =0.53 and r =0.72 for the
non-growing and growing season, respectively). In contrast, THg
concentrations were not strongly correlated to DOC concentrations,
and the simulated saturation and soil storage deficit variables were
not able to explain DOC variation at the catchment outlet. These
results indicate that all three constituents (DOC, MeHg and THg)
follow different mobilization patterns: (1) DOC varies by season
and the variation cannot be explained by the simulated variables,
(2) MeHg is diluted during high flow, suggesting flushing from a
supply limited pool whereas (3) THg dynamics follow a pattern
independent of DOC, but closely related to the simulated saturation
state of the catchment. Overall the differing gain and/or loss
processes of solutes within the Fishing Brook stream network make
this study a unique example of how the processing and transport can
vary over spatial scales.
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RG15-O1
ABSENCE OF MERCURY EFFECTS ON FISH
POPULATIONS OF BOREAL RESERVOIRS DESPITE 3 TO 6
FOLD INCREASES IN MERCURY CONCENTRATIONS
1

2

SCHETAGNE, Roger , THERRIEN, Jean
(1) Hydro-Québec, schetagne.roger@hydro.qc.ca (2) Genivar inc.,
Environmental consultants.
At the La Grande hydroelectric complex, mercury concentrations
were measured in over 25 000 fish as part of an ongoing
environmental effects monitoring program. Five fish species were
monitored over a 30-year period: the non-piscivorous lake whitefish
(Coregonus clupeaformis) and longnose sucker (Catostomus
catostomus) and the piscivorous northern pike (Esox lucius),
walleye (Sander vitreus) and lake trout (Salvelinus namaycush).
Total mercury concentrations were measured by standard cold
vapour atomic absorption spectrophotometry. Fish population
characteristics, such as recruitment, fishing yields, growth rates
and condition factors were also monitored over a 20-year period,
as part of the same program. In reservoirs, mercury concentrations
in all species increased rapidly after impoundment, peaking after
5 to 9 years in non-piscivorous fishes, and after 10 to 13 years
in piscivorous species, at levels 3 to 6 times those measured in
surrounding natural lakes, then significantly and gradually declined.
Concentrations in most species have returned to levels typical of
natural lakes, 10 to 30 years after flooding. Despite such increases,
the monitored fish showed no mercury-related ill effects at the
population level. Indeed, for most species, increases were observed
in fishing yields (by factors ranging from 2 to over 20), in growth
rates and in condition factors (for more than a decade). The postimpoundment increase in growth rate was particularly spectacular
for lake whitefish of the Robert-Bourassa Reservoir, as the 400-mm
length was reached after 5 years compared to 12 years in natural
surrounding lakes. The percentage of small specimen of the main
species was generally maintained or increased after flooding,
indicating a good recruitment. This was particularly obvious for
northern pike of the Robert-Bourassa reservoir for which the
highest average mercury concentrations were measured (3.28 μg
g-1 for 700-mm fish), 11 years after flooding. The biological boom
usually observed after reservoir impoundment may have prevented
potential mercury-related ill effects.

TS2-O6
MERCURY IN LAKE SEDIMENTS, SMALL FISH, AND
BREEDING COMMON LOONS FROM FOUR STUDY SITES
ACROSS CANADA
1

1

1

SCHEUHAMMER, Tony , BURGESS, Neil , CHAMPOUX, Louise ,
2
1
1
LORD, Sarah , ELLIOTT, John , WAYLAND, Mark
(1) Environment Canada, tony.scheuhammer@ec.gc.ca (2) University
of Alberta.
We investigated Hg exposure in fish-eating wildlife (common loons)
breeding on selecting lakes in Nova Scotia, Quebec, Manitoba,
Saskatchewan, and Alberta, Canada. We collected samples of
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surface sediment, water, small pelagic fish (8-20 cm fork length;
mainly yellow perch), and blood from adult loons and their chicks
from a number of sites, representing >50 lakes in total, including
areas in the vicinity of coal burning power plants, and a large base
metal smelter, as well as areas impacted by acid deposition, and a
series of suitable reference lakes. Our study sites exhibited a wide
range of lake size, surface sediment Hg concentration (<0.005 – 2.5
ug/g dry wt.), water chemistry (e.g.- pH range ~4.5 – 8.5), fish-Hg
concentrations, and other variables. Fish-Hg and loon-Hg levels
were not well correlated with proximity to power plants or metal
smelters, nor with Hg concentrations in surface sediments, but were
highly correlated with certain water parameters such as lake pH.
Lake pH explained most (>70%) of the among-lake variability in
fish-Hg and loon chick-Hg concentrations across our 4 study areas.
Biological factors such as size and trophic level; and environmental
factors such as water chemistry (especially pH) were the most
important determinants of fish and loon Hg concentrations in this
study.

RG15-O8
MERCURY BIOACCUMULATION IN CALIFORNIA
SPORTFISH
1

2

SCHIFF, Kenneth , DAVIS, Jay
(1) Southern California Coastal Water Research Project, kens@sccwrp.
org (2) San Francisco Estuary Institute.
California has more than 1,200 miles of ocean shoreline that
supports an active recreational fishery. An estimated 16 million
fish were landed by recreational anglers in 2009. Despite a number
of localized surveys of tissue contamination, there has never been
a statewide survey of mercury levels in sportfish tissues. The
goal of this study was to assess the proportion of popular fishing
zones statewide with safe levels of seafood concentrations and to
determine the spatial distribution of contaminant concentrations.
More than 500 samples were collected, comprising over 2
dozen species, and edible tissues analyzed for total mercury and
chlorinated hydrocarbons such as polychlorinated biphenyls (PCBs)
and dichlorodiphenyltrichloroethane (DDTs). Total mercury
concentrations ranged from <0.012 to 1.3 parts-per-million wet
weight (ppm). The highest concentrations were found in sharks,
followed by pelagivores (i.e., rockfishes, basses), with the lowest
concentrations observed in planktivores (i.e., surfperches). Nearly
all of the fishing zones sampled exceeded the lowest risk guidelines
recommending limited consumption for kids and women of child
bearing age for at least one species. Approximately 20% of the
fishing zones exceeded the highest risk guidelines that recommend
no consumtion of sportfish for at least one species. Risk guideline
exceedences occurred more frequently, and at greater magnitude,
for mercury compared to PCBs or DDTs even though large hot
spots for these chlorinated hydrocarbons occur in California. Spatial
distributions identified a propensity for greater concentrations
and extent of risk guideline exceedences along coastline near large
urban centers such as San Francisco and Los Angeles; however, risk
guideline exceedences occurred even at offshore islands distant from
known point sources.
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FS15-O1
OVERVIEW: MERCURY AND SELENIUM INTERACTIONS
IN HUMAN POPULATIONS
1

SCHOENY, Rita
(1) U.S. Environmental Protection Agency, schoeny.rita@epa.gov
Selenium (Se) is an essential element incorporated into several
human proteins needed for metabolism. Toxicities have been
observed in populations either deficient in Se or exposed to Se
in excess. The possibility that co-exposure to Se may ameliorate
adverse effects of mercury (Hg) has been raised in experimental
studies and reviews of the literature. Such a possibility has been
embraced by the popular press and several websites, but there is
no scientific consensus as to the likelihood and generalizability of
selenium reduction of mercury toxicity. At the Eighth International
Conference on Mercury as a Global Pollutant (2006) the following
consensus statement was developed: “There is some evidence from
animal studies showing that selenite protects against inorganic
mercury toxicity. However, there is almost no evidence showing
protection against methylmercury toxicity by organo-selenium
compounds, such as selenomethionine or selenocysteine, the forms
of selenium commonly found in human diet. There is [sic] no
human data demonstrating a protective role for selenium against the
neurotixicity of mercury including developmental neurotoxicity”.
Since 2006 there have been a number of studies investigating
the potential for nutrients in fish to decrease measured effects of
methylmercury; other studies have observed that co-exposure to
contaminants, including methylmercury, could be considered to
reduce the salutary effects of fish consumption. This session reviews
both published and new data on Hg-Se exposed populations. A
useful approach in evaluating a wide variety of perhaps conflicting
data is weight of evidence. In this process data quality objectives
are established; data or endpoint hierarchies are described; all
studies (positive and non-positive) are considered; and a judgment
is rendered as to the likelihood that an effect occurs in humans. A
proposed hierarchy for evaluating potential Hg-Se interactions is
this: human effects data are preferred to those from animal models;
measured exposure to relevant forms of Hg and Se are preferred; in
vivo data are preferred to in vitro. The opinions in this abstract are
those of the author and do not necessarily reflect the policies of U.S.
EPA.

RG8-P25
TROPHIC TRANSFERENCE OF MERCURY AND SELENIUM
IN THE SOUTHERN COAST OF RIO DE JANEIRO
1

2

1

SEIXAS, Tercia , KEHRIG, Helena A , MOREIRA, Isabel , MALM,
2
Olaf
(1) PUC-Rio, terciaguedes@gmail.com (2) IBCCF – UFRJ.
The present study evaluated mercury (Hg) and selenium (Se)
concentrations in muscle tissues of three fish species with different
feeding habits (Mugil liza, Micropogonias furnieri, and Trichiurus
lepturus) from a oligotrophic Brazilian coastal area, Ilha Grande
Bay (IB). The aims were to compare the possible differences in
the trophic transfer of Hg and Se among the vertical trophic
guilds (VTG). VTG were grouped according to fish diet, that is,
in fish species that feed on similar food sources and use those
sources in the same manner: voracious predator (VP - T. lepturus),
intermediary voracious predatory (IVP - M. furnieri) and non-
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predatory (NP- M. liza). VP presents carnivorous habits, preferably
piscivorous, actively pursuing their prey. In contrast, IVP feeds
mainly on invertebrates and small fish. NP is a planktivorous species
that live associated with the surface of the water mass. A significant
difference (p < 0.05) was found in the concentrations of Hg and
Se among the fish species. The mean concentration of Hg, in a dry
weight basis, in PV, IPV and NP were 0.35 ± 0.16 mg/Kg, 0.66 ±
0.44 mg/Kg and 0.22 ± 0.01 mg/Kg, respectively. Se concentrations,
in a dry weight basis, in PV, IPV and NP were 0.96 ± 0.78 mg/Kg,
3.26 ± 0.90 mg/Kg and 1.36 ± 0.71 mg/Kg, respectively. T. lepturus
that represents the highest trophic guild and feeds on M. furnieri
and M. liza, presented lower concentrations of Hg and Se than M.
furnieri (intermediate trophic guild), representing an anomalous
behavior of these elements in a tropical food webs. However, Hg
concentrations in the muscle tissue of T. lepturus were 17.5 times
higher than those found in the same tissue of their prey, M. liza
(lower trophic guild), indicating a positive transference of Hg from
the prey to predator. However, T. lepturus and M. liza presented
similar Se concentrations, indicating no transference of Se from
the prey to predator. According to the results, these elements did
not suffer the biomagnification process in this web. However, more
aquatic species must be studied to understand the behavior of these
elements in this environment. Probably, the differences in Hg and Se
among fish species can be related to the predominant food items for
each species as well as the bioavailability of Hg and Se in the marine
environment.

TS14-P8
TOTAL MERCURY IN A WIDELY CONSUMED FISH FROM
TWO BRAZILIAN BAYS - 19 YEARS LATER
1

SEIXAS, Tercia G
(1) PUC-Rio, terciaguedes@gmail.com
Guanabara Bay (GB) and Ilha Grande Bay (IB) are two important
estuaries regarding the productivity in the southeastern Brazilian
coast. GB is heavily impacted by industrial sewage and untreated
domestic waste and presents hyper-eutrophic environmental
conditions. IB presents typical oligotrophic environmental
conditions and is considered a non-contaminated area. This estuary
is one of the important recreational areas of Rio de Janeiro state.
The objective of the present work is to compare the total mercury
(Hg) levels in a carnivorous fish species (Micropogonias furnieri),
measured at the beginning and the end of a 19-year interval (1990
– 2009). In order to compare total mercury levels along the time,
Hg length normalized concentrations in fish were evaluated in
different periods in both areas. No differences were found between
the length normalized Hg concentrations in fish from the two
bays at the beginning and the end of a 19-year interval. The Hg
length normalized concentrations in fish from GB has probably
remained constant for the last 19 years (0.12 ± 0.07 μg/g wet wt.),
with possible isolated fluctuations attributed to occasional changes
in water quality. In GB the large inputs of suspended matter, is
probably reducing the residence time of Hg in water column
decreasing its bioavailability and making the Hg levels lower than
expected. A highly significant difference (p < 0.0001) was found in
Hg length normalized concentrations between the sampling years
(1990 and 2009) at IB, indicating an increase of Hg along the 19year interval. Hg length normalized concentrations in fish collected
at IB were 0.12 ± 0.07 μg/g wet wt. and 0.18 ± 0.11 μg/g wet wt. in
1990 and 2009, respectively. Probably, an increase on Hg inputs has
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been occurring in the last 19 years in IB ecosystem. This bay did
not present any known anthropogenic source of mercury and its
watershed presents low levels of organic matter and low biological
productivity. In this situation, mercury inputs become more
available to the aquatic organisms.

WS1-O8
CONSTRAINING REACTIVE GASEOUS MERCURY
TRANSFORMATION AND FATE OVER THE U.S.:
COMBINING MODEL AND MEASUREMENTS
1

SELIN, Noelle
(1) Massachusetts Institute of Technology, selin@mit.edu
The GEOS-Chem global mercury simulation is compared with
measurements of reactive gaseous mercury (RGM) to constrain
the atmospheric oxidation mechanism and budget of mercury in
the atmosphere. Data is used from sites where both RGM and wet
deposition information are available, and examine the site-specific
budget of RGM in both measurements and model. To explore the
influence of reaction mechanism, two simulations are compared:
one with an Hg(0) oxidation mechanism including bromine
chemistry, and a previous simulation using OH chemistry. Data
is identified from the continental U.S. and differences between
the western and eastern U.S. to isolate the strongest influence
of chemistry. Findings from this analysis include: the model
on average overestimates RGM concentrations over continental
sites; latitudinal and longitudinal comparisons can provide some
insight into oxidation and source processes for RGM; and that
RGM measurements in comparison with modeling may help better
constrain the Hg cycle than Hg(0) data. An uncertainty analysis
focusing on using RGM and Hg(0) measurements to constrain
oxidation and the mercury budget in comparison with modeling is
also presented.

TG4B-P3
CHARACTERISTICS OF ATMOSPHERIC WET DEPOSITION
OF TOTAL MERCURY IN SEOUL, KOREA: IDENTIFICATION
OF POSSIBLE SOURCE LOCATIONS AND SOURCE
APPORTIONMENT USING RECEPTOR MODEL
1

1

1

SEO, Yong-Seok , CHUNG, Young-Chae , HAN, Jin-Soo , LEE,
1
1
Jong-Hwan , YI, Seung-Muk
(1) Seoul National University, yss523@snu.ac.kr
The objectives of this study were to determine the seasonal
variations in atmospheric wet deposition flux of total mercury (TM),
and to identify possible source locations using receptor model.
Atmospheric wet deposition for TM was measured with a modified
MIC-B sampler on th roof of Graduate School of Public Health
building in Seoul, Korea from January 2006 to December 2010. The
samples were analyzed using Tekran 2600 system equipped with
Cold Vapor Atomic Fluorescence Spectrometry (CVAFS).
The volume weighted mean (VWM) TM concentrations in 2006,
-1
2007, 2008, 2009 and 2010 were 10.20 ± 16.90 ng L , 16.65 ±
-1
-1
-1
16.68 ng L , 14.39 ± 11.86 ng L , 12.23 ± 15.28 ng L , 11.50 ±
-1
10.25 ng L , respectively. The TM wet deposition flux in 2006,
-2
-2
2007, 2008, 2009 and 2010 were 16.85 μg m , 20.24 μg m , 18.57

WWW.MERCURY2011.ORG

-2

-2

-2

μg m , 13.66 μg m and 14.44 μg m , respectively. The large wet
deposition fluxex observed in summers were possibly due to the
intense rainfall during those periods. Overall there was a significant
positive correlation between wet deposition flux and rainfall depth
2
(r = 0.26) (p < 0.01) and a significant negative correlation between
2
rainfall depth and TM concentration in precipitation (r = 0.10)
(p < 0.01) possibly due to dilution. In addition, a weak positive
correlation between TM concentration and wet deposition flux was
2
shown (r = 0.10) (p < 0.05).
Sources were identified using positive matrix factorization (PMF).
A total of 206 samples were obtained during the sampling period,
and 28 chemical species were measured. Lagrangian Particle
Dispersition Modeling (LPDM) results showed that possible source
locations contributing to the wet deposition in Seoul were the major
industrial areas in China.
Acknowledgements
This work was supported by the Ministry of Environment
(Eco-technopia 21 project 2009-12001-0050-1) and Ministry of
Education, Science and Technology, Republic of Korea (R01-2008000-11165-0).

RS17-P8
EMISSION AND DISPERSION OF GASEOUS MERCURY
FROM ARTISANAL SMALL-SCALE GOLD MINING
PLANTS IN THE POBOYA AREA OF PALU CITY, CENTRAL
SULAWESI, INDONESIA
1

2

1

SERIKAWA, Yuka , INOUE, Takanobu , KAWAKAMI, Tomonori ,
3
3
2
CYIO, Basir , NUR, Isrun , ELVINCE, Rosana
(1) Toyama Prefectural University, serikawa@pu-toyama.ac.jp (2)
Toyohashi University of Technology; (3) Tadulako University.
In the northeastern part of Palu City (Poboya), Indonesia, it is
estimated that more than 760 artisanal and small-scale gold mining
(ASGM) plants are operating. In the ASGM plants in Poboya, about
180 tons of mercury is estimated to be consumed to produce gold
amalgam every year, leading to a yield of 45kg of purified gold. In
the gold purification process, gaseous mercury is emitted into the
atmosphere without treatment. Despite the fact that local residents
around the gold mining site could face health risks as a result of
the mercury contamination in the air, the atmospheric mercury
concentration in the vicinity of the gold mining area has rarely been
measured. The objective of the present study was to investigate the
space distribution and daily change of the mercury concentration
in Palu City in order to evaluate the degree of exposure of the
residents to gaseous mercury. The concentration of the atmospheric
gaseous mercury in Palu City was measured using passive samplers
that do not require a power supply and are suitable for multi-point
sampling. Twenty-two samplers were distributed in the Poboya area
and in Palu City on August 3 and October 28, 2010. The samplers
were exposed to the atmosphere for about 24 hours until they
were retrieved on August 4 and October 29. In addition, an active
sampler, with which the air is aspirated by an air pump to absorb
mercury to an absorber, was used to measure the daily change of
the gaseous mercury concentration in the center of the city from
October 27 to 29, 2010. Both active and passive samples were
taken to Japan, and the mercury concentration was measured. The
3
mercury concentration in the center of Poboya, was 47,000ng/m ,
which was 47 times higher than that shown by the WHO guidelines.
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Moreover the results from the active sampler, the mercury
3
concentration fluctuated between 100 and 600ng/m during the
measurement, indicating that meteorological conditions could bring
a high mercury concentration to the center of the city. The potential
damage to the health of the residents as a result of exposure to
mercury is a serious threat.

RG14-O1
USE OF MERCURY SPECIATION ANALYSIS AND
COMPARTMENT COMPARISONS TO ASSESS BODY
BURDEN AND RETENTION OF BOTH METHYLMERCURY
AND INORGANIC MERCURY IN HUMAN CLINICAL
SAMPLES
1

1

SHADE, Christopher W. , WIMER, Wade
(1) Quicksilver Scientific, chris@quicksilverscientific.com
Different forms of mercury have different behaviors, target organs
and biochemical effects on the human body. While methylmercury
often gets the press and research spotlight for toxicity due to the
easy assimilation from fish and ready crossing of the blood brain
barrier, inorganic mercury is a more cytotoxic form due to its
multiple binding sites and higher ligand affinities. In fact, recent
environmental data is showing inorganic mercury more clearly
correlating with toxic effects of mercury in wildlife. People with
dental amalgams are exposed to a steady stream of this form of
mercury often for many decades.
Despite the obvious potential problem associated with chronic
low-level exposure to mercury vapor and corrosion products from
the amalgams, relatively little attention has been paid to measuring
this exposure separately from methylmercury exposure from fish.
Conventional analytical techniques have always had difficulty
separating the effects of fish consumption from dental amalgam
exposure, and urine levels have always been difficult to correlate
with blood total mercury levels.
Automated mercury speciation analysis of blood provides a
comprehensive view into levels of exposure of both inorganic
and methylmercury, which clearly need separate measurement
and separate reference ranges. Comparison of blood inorganic
mercury to urinary mercury output provides a very intriguing and
clinically useful measure of retention of this form of mercury and
helps resolve one of the dilemmas of urinary markers – i.e. why do
urinary levels not correlate with toxicity measures?
We will review the analytical system used for this and present data
from close to 1000 patients analyzed with this method, with focus
on clinical expression of health problems and cases that would have
been missed with conventional analytical techniques.

MG7-P49
LIGNIN BIOMARKERS AS TRACERS OF MERCURY
SOURCES IN SEDIMENTS FROM TWO RESERVOIRS IN SW
CHINA
1

SHANG, Lihai
(1) Institute of Geochemistry, Chinese Academy of Sciences,
shanglihai@vip.skleg.cn
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Reservoirs are considered as sensitive aquatic systems for mercury
since large quantity of organic matter (OM) and mercury are
leached from the impounded vegetation and soil. In these systems,
fish often pose a health threat because of theirhigh methylmercury
concentrations. Sediment records the past history of both mercury
and OM inputs. Lignin is an organic macromolecule specific to
terrigenous vegetation. Lignin derived biomarkers signature allow
a characterization of organic matter sources and degradation
state. Honfeng and Wanfeng reservoirs are located in SW China,
with impoundment dating back about 50 years and 13 years
respectively. To identify mercury sources, sediment cores were
collected from several sites in both reservoirs. Total Hg (THg)
contents were analyzed by Lumex pyrolysis method. Organic
matter concentrations were measured on a PE2400-II elemental
analyzer whereas lignin derived phenols were measured by GCMS after a mild copper oxidation (CuO). By tracing the different
vegetation sources of organic matter as well as describing its state of
degradation, we aim at identifying if impoundment is responsible
for increase in Hg inputs in the aquatic system and how it impacts
methylation processes in such man made subtropic water bodies.

WS7-O5
IN SITU OPTICAL MEASUREMENTS AS PROXIES FOR
AQUEOUS MERCURY
1

1

SHANLEY, James B. , AIKEN, George R. , PELLERIN, Brian
1
1
A1, SARACENO, JohnFranco , BERGAMASCHI, Brian A. ,
2
3
DRISCOLL, Charles T. , RISCASSI, Ami
(1) U.S. Geological Survey, jshanley@usgs.gov (2) Syracuse University;
(3) University of Virginia.
Recent advancements in inexpensive in situ optical sensors now
permit continuous measurements that reveal information about
the quantity and quality of organic matter. Due to the close
relation between organic matter and mercury transport, these
measurements have been applied to generate continuous records of
aqueous mercury (Hg) species by proxy. One example measurement
is fluorescing dissolved organic matter (FDOM), measured by
excitation at 370 +/- 10 nm and detecting emission at 460 +/- 60
nm. Typically only about 2% of organic matter fluoresces, but the
measurement is highly sensitive and fairly specific to the fraction
of DOM that is associated with Hg transport. We have applied
unfiltered FDOM measurements in three northeastern USA
forested research catchments, based on previously observed strong
relations of dissolved Hg to dissolved organic carbon (DOC) and
2
even stronger relations (r >0.9) to laboratory measurements of the
hydrophobic acid fraction of the DOC (HPOA) and filtered UV
absorbance at 254 nm. Dissolved Hg correlations with the field
measurements were somewhat lower due to occasional interference
of FDOM by turbidity. However, with accurate and continuous
turbidity measurements, one can compensate for this source of
error. Optical turbidity measurements have the added advantage
of serving as a proxy for particulate organic matter, which is often
highly correlated to particulate Hg, the dominant form of Hg
export in some streams. By combining these proxies, it is possible to
quantify the majority of Hg flux in these streams. Because dissolved
and particulate Hg both vary strongly but not always predictably
with flow, these high frequency optical proxies greatly improve the
accuracy of Hg flux calculations. The high temporal resolution also
allows inference of in-stream dynamics and processes controlling
DOC and Hg. These continuous data series will foster improvements
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to models of when and how inorganic ionic and particulate Hg
moves to downstream methylation sites. We will also present
examples in which optical measurements serve as proxy indicators
for dissolved methylmercury.

RG8-P23
A TROPICAL PARADOX – MERCURY IS HIGH IN
DEPOSITION, LOW IN THE FOOD WEB IN PUERTO RICO
1

2

3

SHANLEY, James B. , LANE, Oksana , ARENDT, Wayne ,
1
MARVIN-DIPASQUALE, Mark C.
(1) U.S. Geological Survey, jshanley@usgs.gov (2) Biodiversity
Research Institute; (3) U.S. Forest Service.
Wet deposition of mercury (Hg) at an unpolluted site in the Luquillo
-2
-1
Mountains of northeastern Puerto Rico averaged 28 μg m yr ,
higher than any site in the USA Mercury Deposition Network.
The high input is reflected in extremely high total Hg (THg) flux
-2
-1
in nearby Rio Icacos of 54 μg m yr . This high stream THg flux
may include contributions of legacy Hg from gold ore processing
more than a century ago. Most of the stream THg flux is associated
with particulates, and only about 0.5% is methylmercury (MeHg).
Despite these high THg input and export values, assimilation in
the food web appears to be quite low. In and around Río Icacos we
collected 30 fauna samples including fly larvae, freshwater shrimp,
spiders, tadpoles, coqui frogs, anole lizards, a scorpion, and a boa
constrictor. These samples had a median THg concentration of
-1
32 μg g (dry weight basis) with the three highest values (near
-1
140 μg g ) from spiders. We also sampled bird blood from 31
individuals representing 8 species in various feeding guilds. Bird
blood THg concentrations were quite low, ranging widely from
-1
-1
0.0002 to 0.032 μg g wet weight, with a median of 0.0043 μg g .
There are few mammalian predators on the island and many of the
species we sampled represent some of the highest trophic levels (or
insectivorous feeding guilds for birds) in the island food web, yet
THg concentrations in these biota were still low. This result was
surprising given the high Hg inputs and watershed features that
would seem to favor Hg(II)-methylation – high soil moisture with
anoxic zones, ample organic matter and sulfur, and year-round
warm temperatures. However, in a synoptic study at the five USGS
Water, Energy, and Biogeochemical Budgets (WEBB) sites across
the USA, Río Icacos had the second lowest average stream bed
-1 -1
sediment potential MeHg production rate (0.10 pg g d ) and the
-1
lowest average MeHg concentration (0.01 ng g ) (both dry weight
basis). The low MeHg concentrations and rates of production were
at least partially attributed to the comparatively high redox status
(+500 mv Eh) and low organic content (ca. 1% dry weight) of this
sandy streambed, suggesting very rapid and complete organic
matter decomposition in this tropical landscape. It is unclear if these
results are representative for the Río Icacos landscape, but they are
consistent with the low THg in the food web.

Atmospheric mercury deposition measurements are few in tropical
latitudes. Here we report two years (April 2005 to March 2007) of
wet Hg deposition at a tropical wet forest in the Luquillo Mountains,
northeastern Puerto Rico, USA. Despite receiving unpolluted air off
the Atlantic Ocean from northeasterly trade winds, the site averaged
-2
-1
27.9 μg m yr wet Hg deposition, or about 30% more than Florida
and the Gulf Coast, the highest deposition areas within the USA.
These high Hg deposition rates are driven in part by high rainfall,
-1
which averaged 2855 mm yr . The volume-weighted mean Hg
-1
concentration was 9.8 ng L , and was highest during the summer
and lowest during the winter dry season. Rainout of Hg (decreasing
concentration with increasing rainfall depth) was minimal. Low
-3
reactive gaseous mercury (RGM) concentrations (<10 pg m ) at
ground level did not support high Hg in rain; rather, we contend
that high convective cloud tops scavenge RGM from above the
0
mixing layer. In the tropics, elevated photooxidation rates of Hg
from the global pool likely maintain upper tropospheric RGM. The
high wet Hg deposition at this “clean air” site suggests that high Hg
deposition may occur in the tropics worldwide.

MG14-P1
EFFECTS OF METHYLMERCURY ON DOPAMINE RELEASE
IN MN9D NEURONAL CELLS
1

1

SHAO, Yueting , CHAN, Laurie
(1) Health Sciences Program, University of Northern British
Columbia, Prince George, BC, Canada, shaoy@unbc.ca
Dopamine depletion was one of the pathogenic characteristics of
Parkinson’s disease (PD). Epidemiological evidence has shown
associations between prevalence of Parkinson’s disease and
environmental exposure to pesticides and heavy metals, but the
mechanisms of action is unknown. The objective of this study was
to investigate effects and underlying mechanisms of methylmercury
(MeHg) on a dopaminergic neuronal cell line, MN9D and compare
that to 1-methyl-4-phenylpyridinium (MPP+), a well-established
agent associated with pathogenesis of PD. MN9D cells were
+
exposed to MeHg (1-15μM) and MPP (10-800μM) for 24h or
+
48h. The data shows MeHg and MPP induce the cell death both
time and dose dependently. MeHg also decreased the release of
extracellular dopamine (DA), 3,4-dihydroxyphenylacetic acid
(DOPAC), and homovanillic acid (HVA) that similar to the effects
+
of MPP . There was an increase in DA metabolites as shown by the
increase of DOPAC+HVA/DA ratio. At the same time, both MeHg
+
and MPP down regulated the expression of tyrosine hydroxylase
(TH) and dopamine transporter (DAT) at the mRNA and protein
levels. Expression of the α-Synuclein (α-Syn), a hallmark of
neuropathological indicator of PD, was also up-regulated between
the two treatments at the mRNA level but not at the protein level.
These findings suggest that MeHg can disrupt the synthesis, the
uptake and the metabolism of DA as well as alter the biology of
α-Syn. MeHg can be a risk factor linked to the pathogenesis of PD.

TG4B-P17
HIGH MERCURY WET DEPOSITION AT A “CLEAN AIR”
SITE IN PUERTO RICO
1

1

1

SHANLEY, James B. , ENGLE, Mark A. , SCHOLL, Martha A. ,
1
2
KRABBENHOFT, David P. , BRUNETTE, Robert , OLSON, Mark
1
L.
(1) U.S. Geological Survey, jshanley@usgs.gov (2) Frontier
Geosciences.
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RS3-P13
THE NORTH AMERICAN ATMOSPHERIC MERCURY
SPECIATION NETWORK
1

2

1

SHARAC, Timothy , GAY, David , SCHMELTZ, David , OLSON,
2
3
2
4
Mark , PRESTBO, Eric , BERGERHOUSE, Tom , COHEN, Mark ,
4
4
LUKE, Winston , KELLEY, Paul
(1) US EPA, sharac.timothy@epa.gov (2) NADP; (3) Tekran Research
and Development; (4) NOAA.
The NADP Atmospheric Mercury Network (AMNet) is a
collaborative effort involving many federal, state, and tribal agencies,
academic researchers, and industry partners across North America.
AMNet was officially adopted by the NADP Executive Committee
in October 2009 The network monitors, summarizes, and reports
atmospheric mercury species which contribute to dry and total
mercury deposition. At each station, the following data are collected:
concentrations of atmospheric mercury species from automated,
continuous measuring systems; and concentrations of total mercury
in precipitation. Data are collected with standardized methods,
quality assured and archived in an NADP online data base.
There are several specific objectives for this network:
•
determine the status and trends in concentrations of
atmospheric mercury species (gaseous oxidized, particulatebound, and elemental) in select locations;
•
offer high-quality measurement data to estimate dry and total
deposition of atmospheric mercury to aquatic ecosystems and
other locations influenced by emissions and transport on the
local, regional, and global scale; and
•
offer high-quality data necessary for atmospheric mercury
model evaluation and development.
The NADP organization supports a network that can produce data
that are accessible, quality assured, and comparable. AMNet will
be one component of an assessment that will be closely associated
with mercury research (e.g., dry deposition studies) and modeling
efforts. Work within AMNet focuses on continued development of a
quality assurance program including enhancing the data reduction
program, testing and improving the standard operating procedure
and posting NADP atmospheric mercury speciation monitoring
data onto the website. We will also continue to reach out to a broad
cross-section of agencies and institutions to coordinate mercury
monitoring activities, building on current efforts and encouraging
new collaborative partnerships. The poster will summarize the
status of the network including the structure for participation,
standardization of methods, quality assurance, site locations, data
handling, and example data plots.

MG7-O9
BIOGEOCHEMISTRY OF MERCURY SPECIES IN AN
ESTUARINE PLUME (ADOUR ESTUARY, BAY OF BISCAY):
A SINK OR A SOURCE OF MONOMETHYLMERCURY?
1

1

SHARIF, Abubaker , MONPERRUS, Mathilde , TESSIER,
1
1
1
Emmanuel , PINALY, Hervév , BOUCHET, Sylvain ,
1
AMOUROUX, David
(1) LCABIE-IPREM UMR 5254 CNRS/UPPA, Pau, France, a.sharif@
etud.univ-pau.fr

coastal zones. Buoyant freshwater coming from the river outflows
tends to spread away from the river mouth and forms an estuarine
plume.
These areas are thus preferential sites where material of terrestrial
origin, including that from the anthropogenic activities, is
captured, transformed and eventually stored on the continental
margins or exported more or less directly to the open ocean. Along
estuarine – coastal continuum, mercury may undergo significant
changes in speciation due to changes in salinity regime, properties
of the dissolved organic matter and photochemical reactivity.
These important changes within a river discharge coastal plume
will drastically control the net amount and bioavailability of
monomethyl Hg (MeHg) transferred to the coastal zone via both
biotic and abiotic methylation, demethylation and redox processes.
The aim of this study is to characterize the behaviour and
distribution of Hg species in the Adour Estuary (South Bay of
Biscay) and examined the role of estuarine – coastal mixing
zone in the reactivity of Hg. The spatial variations of mercury
species concentrations following a longitudinal and vertical
sampling strategy were performed during two campaigns (RV
Côte de la Manche, 04/07-05/10) exhibiting different river
discharges and plume extent over the coastal zone. Gaseous (Hg°,
2+
Me2Hg), particulate and dissolved (MeHg, Hg ) mercury species
concentration have been measured. Specific water incubation
199
experiments using isotopically labelled species ( Hg(II) and
201
Me Hg) have been used to investigate transformation mechanisms
(i.e. methylation, demethylation and reduction) at the different
water masses dilution of the plume and under different experimental
conditions in order to assess the relative contribution of
photochemical versus biological processes to these mechanisms. A
conceptual model of the mercury species fate in this coastal system
has been elaborated and demonstrate that while Hg methylation
remains low within the estuarine plume (yield range: 0-0.4 %/day),
land discharged MeHg is efficiently demethylated via biotic and
abiotic pathways (6-50 %/day). In addition, elemental gaseous Hg is
increasingly photochemically produced seaward (0.5-43.5 %/day).

TG10-P7
MERCURY SURVEYS IN OIL-AND-GAS BEARING SHELF
OF THE KARA SEA
1

2

SHCHERBAKOV, Victor , PITIRIMOV, Pavel , MASHYANOV,
2
Nikolay R.
(1) VNII Okeangeologia, vnii-comp@yandex.ru (2) St. Petersburg
State University.
In 2006 -2007, a comprehensive geochemical and geophysical
surveys of oil-and-gas bearing shelf were fulfilled in the southern
part of the Kara Sea within the Ob and Baydaratskaya Bays.
Geochemical exploration included mercury determination in
ambient air, water, suspended materials, and bottom sediments. An
analytical set based on Lumex RA-915+ Zeeman atomic absorption
analyzer was used for air monitoring and rapid analysis of solid
and liquid samples. The low detection limit and high selectivity
of the Zeeman AAS enables rapid analysis using direct pyrolysis
of sediments and lavsan filters (0.45 um), which were used for the
suspended matter sampling. The cold vapour technique was used for
sea water analysis.

Freshwater runoff from rivers to continental shelves has a crucial
influence on both the hydrodynamics and biogeochemistry of many
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The most interesting data showing the relationship between the
geological structures of the gas-productive areas and mercury were
obtained from the mercury distribution in the suspended solids
collected in the near-bottom water horizon. Thus, in the Northern
part of the Ob Bay, the mercury concentration in the suspended
particles varies in a range of 0.1 – 3.6 ppm, and the elevated values
exceeding 0.5 ppm are located within the known gas-condensate
pools and prospect geological structures. The highest particulate
mercury concentration, up to 3.6 ppm, was found in the vicinity
of “Geophyzicheskoye” gas-condensate deposit. Gas (methane)
plumes in water were detected by acoustic profiling in the same
area. It is noteworthy that the elevated mercury concentration in the
suspended particles in the gas-bearing areas is not attended with
corresponding anomalies of mercury and other metals (such as Fe,
Mn, Zn, Cu, etc.,) in bottom sediments. The mercury concentration
in bottom sediments strongly depends on their granulometric
composition, which is typical for non-polluted areas.

MG2-O9
IDENTIFICATION OF MERCURY POLLUTION FROM A
COAL-FIRED POWER PLANT USING MERCURY ISOTOPES
1

1

1

SHERMAN, Laura S. , BLUM, Joel D. , KEELER, Gerald J. ,
1
1
DVONCH, J. Timothy , DEMERS, Jason D.
(1) University of Michigan, lsaylors@umich.edu
Mercury (Hg) is a toxic trace metal that enters many ecosystems via
atmospheric deposition and poses serious threats to human health
through the consumption of high trophic level fish. Although
fossil fuel combustion (primarily coal) accounts for approximately
two-thirds of anthropogenic Hg emissions to the atmosphere and
enhanced deposition of Hg can occur close to point sources such as
coal-fired utility boilers (CFUBs), there are currently no nationwide
regulations in the U.S.A. on emissions from CFUBs. Previous
studies have used trace element concentrations to indirectly identify
Hg sources, but complex atmospheric Hg chemistry and mixing of
emissions from local and long-range sources make it challenging to
directly trace Hg pollution.
We investigated the use of Hg stable isotope ratios to directly
identify Hg emissions from a large, isolated CFUB in Crystal River,
Florida, U.S.A. During July 2009, daily-event precipitation samples
were collected at four sites surrounding the CFUB at distances
of 5.0 to 10.6 km and at nine other sites across FL. Crystal River
precipitation samples were characterized by large negative mass202
dependent fractionation (MDF) with δ Hg values as low as -4.37
202
± 0.13‰, 2 s.d. (mean δ Hg = -2.55‰, 1 s.d = 1.05‰, n = 31).
This magnitude of negative MDF of Hg greatly exceeds that which
has been previously reported in natural atmospheric samples. In
contrast, precipitation samples collected at the other sites did not
exhibit large negative MDF and were characterized by a narrow
202
202
range of δ Hg values close to 0‰ (mean δ Hg = 0.07‰, 1 s.d. =
0.16‰, n = 16).
These results indicate that Hg emitted by the CFUB and deposited
nearby is isotopically distinct from Hg deposited at sites that are
not heavily impacted by local coal combustion. Several factors
including source coal isotopic composition and Hg isotope
fractionation in the power plant system could influence the
observed Hg isotope ratios. At locations influenced primarily by
local coal combustion, it is likely that the anomalous Hg isotope
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signature of this pollution will be useful in tracing and quantifying
its impact on local aquatic and terrestrial ecosystems.

TG4B-P9
DISTRIBUTION OF ATMOSPHERIC MERCURY IN THE
NORTHERN SOUTHEAST ASIA DURING DONGSHA
EXPERIMENT
1

1

2

SHEU, Guey-Rong , LIN, Neng-Huei , CHI, Kai Hsine , LEE,
1
1
Chung-Te , WANG, Jia-Lin
(1) National Central University, grsheu@atm.ncu.edu.tw (2) National
Yang Ming University.
Northern South China Sea is adjacent to major atmospheric
mercury (Hg) emission source regions, including the East Asian
continent (anthropogenic Hg emissions) and Indochina Peninsula
(biomass burning Hg emissions). Regional monsoon activity could
thus transport atmospheric Hg from these regions to northern South
China Sea. Additionally, high-altitude westerlies could transport
the Indochina biomass burning plumes eastward to Taiwan.
However, studies concerning regional atmospheric Hg distribution
and cycling are very limited. Accordingly, atmospheric Hg was
measured in March and April during the 2010 Dongsha Experiment
to study its spatial and temporal distribution. Atmospheric Hg
was manually sampled at Hengchun (Taiwan), Dongsha Island
(Taiwan), Da Nang (Vietnam), Ching Mai (Thailand) and aboard a
research vessel, whereas automated speciated Hg measurement was
performed at Mt. Lulin (Taiwan). Atmospheric Hg concentrations
-3
ranged between 1.69 and 6.83 ng m , higher than the Northern
-3
Hemisphere background value of 1.5-1.7 ng m , indicating sources
other than background air. Significantly elevated atmospheric
Hg concentrations were observed at Da Nang, likely indicating
local Hg emission sources. Compared with the summer values of
2008-2009, elevated Hg levels were observed at Dongsha Island
in the spring of 2010. Summer air masses were mainly from the
southern South China Sea, representing relatively clean marine air.
On the other hand, air masses were mainly from the north, passing
eastern China or Taiwan prior to reaching Dongsha Island. Results
of this research thus demonstrated the transport of atmospheric
Hg from nearby emission source regions to northern South China
Sea due to regional monsoon activity. Moreover, Hg concentrations
were always higher at Chiang Mai than at Mt. Lulin, which seems
to support the argument that Mt. Lulin is under the influence of
Southeast Asian biomass burning Hg emissions in spring due to the
transport of high altitude westerlies.

FS3-O4
OBSERVATION OF EAST ASIAN ATMOSPHERIC
MERCURY OUTFLOW IN THE FREE TROPOSPHERE
AT LULIN ATMOSPHERIC BACKGROUND STATION IN
TAIWAN
1

1

1

SHEU, Guey-Rong , LIN, Neng-Huei , WANG, Jia-Lin , LEE,
1
Chung-Te
(1) National Central University, grsheu@atm.ncu.edu.tw
Measurements of speciated atmospheric Hg have been conducted at
Lulin Atmospheric Background Station (LABS; 120.87ºE, 23.47ºN,
2862 m a.s.l.) in Taiwan since April 2006 to study the export of East
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Asian atmospheric mercury in the free troposphere. Between April
2006 and June 2010, the mean concentrations of GEM, RGM, and
-3
-3
-3
PHg were 1.81 ng m , 15.2 pg m , and 2.2 pg m , respectively. GEM
usually peaked in the afternoon. In contrast, spikes of RGM were
frequently observed between midnight and early morning with
concurrent decreases in GEM and relative humidity and increases
in O3, suggesting the oxidation of GEM and formation of RGM
in free troposphere (FT). Upslope movement of boundary layer
(BL) air in daytime and subsidence of FT air at night resulted in
these diurnal patterns. Considering only the nighttime data, which
were more representative of FT air, seasonal variation in GEM was
evident, with lower concentrations usually occurring in summer
when marine air masses prevailed. Between fall and spring, air
masses passed the East Asian continent prior to reaching LABS.
Trajectory cluster analysis identified 9 groups of air mass transport
paths, 5 groups mainly passed over the East Asian continent
and the other 4 groups mainly passed over the Pacific Ocean/
South China Sea. Concentrations of GEM, CO, O3 and PM10 were
significantly elevated in air masses coming from the East Asian
continent, demonstrating the influence of human activities. Analysis
of GEM/CO correlation further supported the argument. Good
GEM/CO correlations were observed in fall, winter, and spring,
suggesting influence of anthropogenic emission sources. Our results
demonstrate the significance of East Asian Hg emissions, including
both anthropogenic and biomass burning emissions, and their
long-range transport in the FT. Because of the pronounced seasonal
monsoon activity and the seasonal variation in regional wind field,
export of the Asian Hg emissions to Taiwan occurs mainly during
fall, winter, and spring.

TG4B-P7
MERCURY WET DEPOSITION MONITORING AT A
REMOTE ISLAND (PENGJIAYU) IN THE WEST PACIFIC
OCEAN
1

1

1

SHEU, Guey-Rong , LIN, Neng-Huei , FAN, Ya-Chi
(1) National Central University, grsheu@atm.ncu.edu.tw
Pengjiayu is a small remote island in the west Pacific Ocean, with an
area of 1.14 km2 and about 56 km distance to the north of Taiwan.
Mercury wet deposition monitoring started at Penjiayu Weather
Station (25º37’46”N, 122º4’16.5”E, 101.7 m a.s.l.) since late 2008
to study total Hg concentration in precipitation and the associated
wet depositional fluxes. The data will later be used to evaluate the
contribution of the East Asian mercury emissions to the measured
Hg wet deposition. Weekly rainwater samples are collected using
an automated wet-only precipitation collection system. A total
of 35 rainwater samples were collected in 2009. Sample total
-1
Hg concentrations ranged between 2.25 and 22.33 ng L , with a
-1
volume-weighted mean (VWM) concentration of 8.85 ng L . This
VWM concentration was comparable to the 2009 values reported
by the Mercury Deposition Network (MDN) for the Southeastern
and upper Midwestern states in USA. Annual Hg wet depositional
-2
flux was 12.62 μg m , also comparable to the 2009 values of the
Southeastern states in USA. Seasonal VWM concentrations were
-1
7.23, 11.58, 7.82, and 9.83 ng L for spring, summer, fall, and
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winter, respectively. High rainwater Hg concentrations in summer
were also observed at MDN sites. Since there is no anthropogenic
Hg emission source on Pengjiayu, the observed high summertime
0
rainwater Hg concentration hints the importance of Hg oxidation
and/or scavenging of upper-altitude Hg(II) by deep convection.
Direct anthropogenic Hg(II) emissions from the East Asian
continent may not contribute significantly to the measured
0
rainwater Hg concentrations; however, anthropogenic Hg emissions
may be transported to the upper troposphere or marine boundary
layer where it can be oxidized to produce Hg(II), which will then be
effectively scavenged by cloud water and rainwater.

MG14-O3
FISH CONSUMPTION AND MERCURY EXPOSURE
AMONG LOUISIANA RECREATIONAL ANGLERS
1

1

2

SHINE, James , LINCOLN, Rebecca , SENN, David , CHESNEY,
3
1
Edward , GRANDJEAN, Philippe
(1) Harvard School of Public Health, jshine@hsph.harvard.edu (2)
Swiss Federal Institute of Technology; (3) Louisiana Universities
Marine Consortium.
Methylmercury (MeHg) exposure assessments among average
fish consumers in the United States may underestimate exposures
among U.S. subpopulations with high intakes of region¬ally
specific fish. To address this, we examined relationships among
fish consumption, estimated mercury (Hg) intake, and measured
Hg exposure within one such potentially highly exposed group,
recreational anglers in the state of Louisiana, USA. We surveyed
534 anglers in 2006 using interviews at boat launches and fishing
tourna¬ments combined with an Internet-based survey method.
Hair samples from 402 of these anglers were collected and analyzed
for total Hg. Questionnaires provided information on speciesspecific fish consumption during the 3 months before the survey.
Anglers’ median hair Hg concentration was 0.81 μg/g (n = 398;
range, 0.02–10.7 μg/g); 40% of participants had levels >1 μg/g, which
approximately corresponds to the U.S. Environmental Protection
Agency’s reference dose. Fish consumption and Hg intake were
significantly positively associated with hair Hg. Participants reported
consuming nearly 80 different fish types, many of which are specific
to the region. Unlike the general U.S. population, which acquires
most of its Hg from commercial seafood sources, approximately
64% of participants’ fish meals and 74% of their estimated Hg intake
came from recreationally caught seafood. In conclusion, study
participants had relatively elevated hair Hg concentrations and
reported con¬sumption of a wide variety of fish, particularly locally
caught fish. This group represents a highly exposed subpopulation
with an exposure profile that differs from fish consumers in other
regions of the United States, suggesting a need for more regionally
specific exposure estimates and public health advisories.
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RG1-P11
MERCURY DETERMINATION IN GASEOUS MEDIA USING
ZEEMAN ATOMIC ABSORPTION SPECTROMETRY
(MATRIX EFFECTS)
1

2

SHOLUPOV, Sergey E. , POGAREV, Sergey E. , RYZHOV, Vladimir
1
V.
(1) Lumex Ltd., SholupovSE@lumex.ru (2) St.Petersburg State
University, Russia.
Zeeman atomic absorption spectrometry (ZAAS) is a differential
technique whereby two beams with different wavelengths are
produced. Radiation of one beam is absorbed by mercury atoms and
subjected to the background absorption. Radiation of the second
beam is subjected only to the background absorption since the
wavelength of the beam is shifted and located outside the absorption
line envelope of mercury atoms. The difference in wavelengths
between the two beams is very small and most constituents absorb
radiation of the both beams in the same way. However, there are
few kinds of molecules which have absorption bands with partially
resolved rotational-vibrational structures and, as a result, different
beams are absorbed by these molecules in different way. Under
definite conditions, the presence of such kind of molecules can bring
about analytical errors. Examples of spectroscopic interferences of
SO2, NOx, O3, H2S, benzene (C6H6) and other compounds are
discussed in the presentation.
In ZAAS with the direct Zeeman effect, measurement results
depend on relative positions of the Zeeman emission components
and envelope of absorption mercury line. Therefore, a change
in shape of the absorption envelope, e.g., because of a change in
pressure of a gaseous sample, can give rise to analytical errors. It is
shown in the presentation that a variation in pressure of a gaseous
sample in the range 1.0 - 0.4 bar gives an analytical error not
exceeding 5%. Therefore, when mercury is determined in ambient
air at different heights, the effect of pressure on the analytical result
can be neglected up to a height of 7km.

TG7-P17
AQUEOUS PHOTOREACTION BETWEEN DIVALENT
MERCURY AND THIOGLYCOLIC ACID AND ITS
ENVIRONMENTAL IMPLICATIONS
1

2

SI, Lin , ARIYA, Parisa A.
(1) University of Western Ontario, lsi3@uwo.ca (2) Department of
Chemistry & Department of Atmospheric and Oceanic Sciences,
McGill University.
Studies of the photochemistry of various Hg compounds are crucial
for understanding Hg cycling in the environment and potential
toxicity to living organisms. It has been suggested that strong
natural ligands in low concentrations and with high conditional
stability constants, possibly sulfides and thiols, could be primarily
responsible for dissolved mercury complexation in estuarine
waters. Thioglycolic acid (TGA) has been detected in various
natural water systems. It is used as a model compound in several
studies on the complicated interaction between mercury and
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ill-defined, polyfunctional Dissolved Organic Matter. We hereby
present the first kinetic and product study on the photochemistry
of oxidized mercury species with thioglycolic acid. Aqueous TGA
2+
reacts with Hg to form, in the absence of excess thioglycolic acid,
2+
the Hg -TGA complex, i.e. Hg(OOCCH2S). UV-visible (UVvis) spectrophotometry was used to determine the rate constant
and the branching ratio of the reaction. Cold vapour atomic
0
fluorescence spectrometry was applied to confirm Hg as one of
the reaction products and to calculate the rate constant. The effects
of pH and ionic strength were also investigated. Transmission
electron microscopy coupled with energy dispersive spectrometry
(TEM-EDS) and X-ray diffraction, were used to investigate the
solid products formed after the photolysis. The apparent first
order rate constant was reported at 296K, pH4. The rate constant
was independent of ionic strength. The formation of elemental
mercury and black metacinnabar were observed. The environmental
implications of our studies will be also discussed.

MG7-P26
DIFFERENCES BETWEEN BULK SOIL AND RHIZOSPHERE
IN SOIL-LAVENDER SYSTEM
1

1

SIERRA, MARIA JOSE , RODRIGUEZ ALONSO, JAVIER ,
1
MILLAN , ROCIO
(1) CIEMAT, mj.sierra@ciemat.es
Once the decision is taken on the close down of mining exploitation
in an area, the selection and implementation of the most appropriate
socio-economic alternatives have to be planned. These options also
include alternative land uses. It is the case of Almadén mercury (Hg)
mining district, where research work about evaluating the possible
cultivation of lavender (Lavandula stoechas L.) as a safe alternative
land use, has been performed. After preliminary studies carried out
under controlled conditions, field studies have been performed in
this work. Lavender plants were sampled on a wide range of soils
with different land use in Almadén district where these plants grow
spontaneously and have significant presence. These sample areas
are situated both in old mining activities zones and surroundings
-1
-1
(total mercury in soil ranges from 6.3±0.8 mg kg to 55±5 mg kg )
and in zones far from these pollution sources (total mercury in soil
-1
-1
ranges from 1.6±0.2 mg kg to 7.8±2.1 mg kg ). In each sampled
point of lavender, soil that was right next to plant root (rhizosphere)
was sampled. Furthermore, surrounding soil (0 - 20 cm in depth)
that remained when the lavender sample was taken (bulk soil) was
sampled.
The aim of this work is to evaluate different edaphic parameters (pH,
Cation exchange capacity, electrical conductivity, organic matter,
soluble ions) in rhizosphere and in bulk soil and their influence
on mercury behaviour in soil-lavender system. According to a
discriminant analysis, among the different edaphic parameters, the
most important in the differentiation is electrical conductivity.
Furthermore, root uptake of mercury by lavender and its
distribution through the plant have been studied in this work.
Lavender seems to uptake mercury, corresponding to the available
fraction, of the rhizosphere. The more available mercury in
rhizosphere soil the more mercury is translocated to aerial part
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and less mercury is retained by root. In this context, the mercury
concentration in root was higher than in aerial part where not
significant differences among mercury concentrations in the
different fractions were found.

TG7-P16
MERCURY DISTRIBUTION AND VOLATILIZATION IN
MICROCOSMS WITH AND WITHOUT THE AQUATIC
MACROPHYTE EICHHORNIA CRASSIPES
1

TG3-P2
REVIEW OF UNITED STATES PORTLAND CEMENT
MANUFACTURING FACILITIES MERCURY INPUTS,
ATMOSPHERIC EMISSIONS, CONTROLS, AND
REGULATIONS
1

1

1

SIKKEMA, Joel K , ALLEMAN, James E , ONG, Say Kee
(1) Iowa State University, jsikkema@iastate.edu

United States portland cement facilities face stringent regulatory
challenges due to a new USEPA limit on atmospheric mercury
emissions and its short three-year compliance window. By 2013,
existing non-hazardous waste burning facility emissions will
be restricted to 55 pounds mercury/million metric tons clinker
(equivalent to 10 micrograms/dry standard cubic meter). Effectively,
emissions must be reduced from 8 to 0.5 tons per year. New facilities
must achieve a 21 pounds mercury/million metric tons clinker (4
micrograms/dry standard cubic meter) limit. The regulations are
based upon measured emissions at the 11 lowest emitting facilities
in the industry. These plants use feedstock and fuel inputs naturally
low in mercury and, having no need to develop tailpipe control
technologies, consequently also have no technologies to apply to
non-compliant facilities. New and non-compliant plants must
modify technologies used in other industries or develop controls
specific to cement manufacture. In addition, each facility must
assess its own particular feedstock and fuel inputs. Considerable
variation in mercury concentration occurs within inputs used at
individual facilities and therefore available data does not support a
‘typically observed’ concentration assumption or even a correlation
to mercury levels observed in limestone (approximately 85% of
feedstock mixture). Furthermore, unlike coal-fired power plants,
cement facilities with in-line feedstock mills display internal control
mechanisms that loop and concentrate mercury between the lowtemperature feedstock mill and high-temperature kiln. Neither
of the two reported emissions models are based on data from the
components that drive internal control nor do they distinguish
between mercury species, which have differing desorption and
sorption properties. Reported control technologies, listed from
highest to lowest mercury removal, include dry and semi-dry
scrubbing, dry sorbent injection, cleaning mercury enriched dust,
wet scrubbing, feedstock and fuel changes, and purging baghouse
dust or raw meal. Impacts on removal mechanism effectiveness due
to facility operating conditions and modes, mercury species, and
feedstock and fuel inputs are not well researched. Minimizing harm
to United States cement production while concurrently reducing
mercury related health risks necessitates research that broadens
understanding of control technologies, mercury inputs, and
mercury species sorption and desorption dynamics.

2

SILVA, Raquel Rose C. , GUIMARAES, Jean Remy D. , OLIVEIRA,
2
Diane CM
(1) IBCCF/Universidade Federal do Rio de Janeiro, raquelrose10@
gmail.com (2) IBCCF/UFRJ.
Aquatic macrophytes, such as Eichhornia crassipes, are known as
sites for accumulation of Hg and methylmercury formation. Aside
its capacity to absorb and concentrate Hg, it is expected that the
presence of this macrophyte alters Hg volatilization rates in the
system since Hg would tend to form complexes with organic matter
and particulates present in the plant roots and become trapped.
The use of radiotracer techniques on model ecosystems offers a
unique possibility to better understand the Hg cycling in various
environmental conditions. This is particularly true if a gamma
emitter isotope is used, as gamma spectrometry is non-invasive
and non-destructive, allowing in-vivo experiments in a micro/
mesocosm scale. The objectives of this research were to observe Hg
distribution among air, water and whole plants of the macrophyte
203
E. crassipes during 17 days. The distribution of a single Hg spike
was evaluated by gamma spectrometry. Two experiments, with and
without macrophytes, were made and the compartments analyzed
for the presence of Hg were air, 0.2 μm-filtered water, suspended
and settled particles, roots, leafs, petioles and adsorption on the
203
desiccator walls. Hg was detected in all analyzed compartments
and the highest total Hg concentrations were found in the roots
and particles of the incubations with and without macrophytes
which retained in average 68 and 34 % of added Hg respectively.
On the other hand, the lowest concentrations were found in air for
both incubations, with higher volatilization (up to 2.5 % of added
Hg) in the absence of macrophytes and lower (up to 0.3%) in the
presence of the macrophyte. Lower Hg values found in leafs (up to
1%) and petioles (up to 2.6%) suggest this plant has mechanisms of
Hg exclusion in the roots. The results of these experiments suggest
that the studied macrophyte promotes changes in the Hg cycle
since it attracts most of the Hg present in the water and suspended
particulate to its roots and settled particles underneath. The
presence of the macrophyte also reduces Hg volatilization.

MG14-P12
EFFECTS ON PROLACTIN (PRL) ON CYTOTOXITY
INDUCED BY METHYLMERCURY IN HUMAN
LYMPHOCYTES AND HUMAN PROMYELOCYTIC
LEUKEMIA CELL HL60, BOTH IN VITRO.
1

SILVA-PEREIRA, Liz Carmem L.C. , BURBANO, Rommel
2
Rodriguez R.R.
(1) IFPA Federal Institute of Educacion, Science and Tecnology Pará
Brazil, lizcarme@hotmail.com (2) UFPA Federal University of Pará
Brazil.
Mercury is a xenobiotic metal that is a highly deleterious
environmental pollutant. The biotransformation of mercury
chloride (HgCl2) into methylmercury chloride (CH3HgCl) in
aquatic environments is well-known and humans are exposed
by consumption of contaminated fish, shellfish and algae.
Methylmercury has been an environmental concern to public
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health and regulatory agencies for over 50 years because of
its neurotoxicity. Its association with nervous system toxicity
in adults and infants near Minamata Bay, Japan, in the 1950’s
initiated environmental health research inquiries that continue to
this day. The objective of the present study was to determine the
changes induced in vitro by two mercury compounds (HgCl2 and
CH3HgCl) in cultured human lymphocytes; and after that evaluate
Prolactina’s action (PRL) on the organomercurial (CH3HgCl)
activity in human lymphocytes and human promyelocytic leukemia
cell HL60, both in vitro. The cultures were incubated to 37ºC for
48 h for both biological systems and the treatments were realize
9h after the beginning stimulating cells. A significant increase (P
< 0.05) in the relative frequency of chromosome aberrations was
observed for all concentrations of CH3HgCl (1, 10, 100, and 1000
μg/l) when compared to control, whether alone or in an evident
sinergistic combination with HgCl2. In the second experimental
block, CH3HgCl when alone treaty (50, 100, 500 and 1000 μM) it
was cytotoxic also, however its reduced when treaty together with
PRL (1,10 and 100 nM). The frequency of polyploid cells was also
significantly increased (P < 0.05) when compared to control after
exposure to all concentrations of CH3HgCl alone or in combination
with HgCl2, however reduced been in PRL presence. CH3HgCl
significantly decreased (P < 0.05) the mitotic index at 100 and
1000 μg/l alone, and at 1, 10, 100, and 1000 μg/l when combined
with HgCl2, showing a synergistic cytotoxic effect, the same results
presented in the second experimental block too, however the PRL
presents a protector effect over that. Our data showed that low
concentrations of CH3HgCl might be cytotoxic/genotoxic and the
PRL is a potent antimutagenic agent in this biological systems.

TS7-P6
MERGANSER - A PREDICTIVE MODEL FOR ESTIMATING
MERCURY EXPOSURE IN NEW ENGLAND LAKE
ECOSYSTEMS
1

2

3

4

SIMCOX, A , KAMMAN, N , NACCI, D , JOHNSTON, J M ,
5
5
5
6
MOORE, R B , SHANLEY, J B , SMITH, R A , MILLER, E K ,
5
7
8
9
ROBBINS, K , HUGHES, M , WILLIAMS, K , GRAHAM, J ,
10
11
FAHEY, K , KING, S
(1) USEPA/Region I, simcox.alison@epa.gov (2) VT Department of
Environmental Conservation; (3) USEPA/ORD/NHEERL; (4) US
EPA/ORD/NERL; (5) USGS; (6) Ecosystems Research Group; (7)
OAO Corp.; (8) BioDiversity Research Institute; (9) NESCUAM;
(10) NESCAUM; (11) New England Interstate Water Pollution
Commission.
MERGANSER (MERcury Geo-spatial AssesmentS for the New
England Region) is an empirical least squares multiple regression
model using atmospheric deposition of mercury (Hg) and
readily obtainable lake and watershed features to predict fish and
common loon Hg (as methyl mercury) in New England lakes. State
monitoring programs communicate mercury risks to recreational
and subsistence fisherman, however, the majority of waterbodies
are unmonitored. The expense of monitoring all potential lakes is
prohibitive, therefore we developed a predictive model to address
exposure risks in unmonitored waterbodies. We modeled lakes
larger than 8 ha and with drainage area completely within the
USA (4404 lakes), using 3827 fish (12 species) and loon Hg values
from 420 lakes. MERGANSER predictor variables included Hg
deposition, watershed alkalinity, percent wetlands, percent forest
canopy, percent agriculture, drainage area, population, mean
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annual air temperature and watershed slope. The model returns fish
tissue or loon blood Hg for user-entered species and fish length.
MERGANSER explained 63% of the variance in fish fillet and loon
Hg concentrations. MERGANSER predicted that 32-cm smallmouth
bass had a median Hg concentration of 0.53 μg g-1 (root mean
square error 0.27 μg g-1) and exceeded EPA’s recommended fish
tissue criterion of 0.3 μg g-1 Hg in 90% of New England lakes.
Common loon had a median Hg concentration of 1.07 μg g-1 and
was in the moderate or higher risk category of >1 μg g-1 Hg in
58% of New England lakes. MERGANSER can be applied to target
fish advisories to specific unmonitored lakes, and for scenario
evaluation, such as the effect of changes in Hg deposition, land
use, or warmer climate on fish and loon mercury. MERGANSER
is intended as a publicly available web-based tool for exposure
assessment and risk communication in the New England region.

MS18-P8
KHAIDARKAN MERCURY
1

SIMONETT, Otto
(1) Maison de l’environnement II, chémin de balexert 9, ch-1219
châtelaine genève, otto.simonett@zoinet.org
The use of mercury is being reduced throughout the world due to
its effects on human health and the environment. Certain forms of
mercury and its compounds can damage neurological development
and affect internal organs. Mercury can spread far and wide through
air and water. It is ingested by fish and other marine life, where it
becomes concentrated as it moves up the food chain.
There is now only one known mercury mine in the world which
continues to sell its output abroad: Khaidarkan, in the remote
mountains of southern Kyrgyzstan. What will happen to this
“kombinat” is still far from clear. For the international community,
continuing mercury mining raises significant concerns. Limiting
mercury supply is one of the key elements to any comprehensive
global approach to address mercury.

TS7-P5
ERODING TOXIC FAN: LEGACY OF 19TH CENTURY GOLD
MINING IN CALIFORNIA
1

2

2

SINGER, Michael B. , JAMES, L. Allan , GHOSHAL, S. , KILHAM,
3
1
.4
N. , HIGSON, J. , AALTO, R
(1) University of St Andrews, bliss@eri.ucsb.edu (2) University of
South Carolina; (3) Utah State University; (4) University of Exeter.
Mercury (Hg) is known to have contaminated food webs of the
Sacramento Delta and San Francisco Bay, but the sources and
mechanisms of Hg delivery to this ecosystem are still debated.
th
While it is well known that 19 C. hydraulic gold mining in
California produced huge volumes of Hg-contaminated sediments,
conventional wisdom favors the idea that hydraulic mining
sediment, dosed with Hg used in gold extraction, was largely
exhausted from Sierra Nevada foothills as a wave that passed by
the mid-1900’s, such that the risk of contamination has declined.
However, our work shows that sediment remaining in piedmont
storage within valleys used for mining is a persistent, yet episodic
source of Hg to the lowland Central Valley of California, posing
great risk to downstream ecosystems. We have documented total
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Hg (HgT) concentrations in >250 sediment samples from a range
of deposits along a >100 km longitudinal transect, which highlight
consistent patterns of HgT in chemostratigraphy and suggest
characteristic redistribution of Hg-laden sediment within this
fan system. These findings are supported by historic and modern
river longitudinal profiles, spatial mapping of event-based erosion/
deposition from aerial photos, and satellite images and washload
modeling exhibiting high concentrations of suspended sediment
exported by the Yuba during large floods. Considering the HgT
within the Yuba hydraulic mining sediment along with the
increasing risk of erosion associated with climate change, the Yuba
Fan poses a major risk to downstream food webs.
We find HgT varies over two orders of magnitude allowing for
discrimination of legacy sediments from those in background (nonmining) sediments. This enables us to map out the spatiotemporal
history of toxic fan evolution. Most deposits in active channel
banks are composed of several sediment units that decrease in
HgT up-section, indicating dilution of mining sediments through
time. Sediment budget data for the last century show systematic
evacuation of mining sediments from all near channel areas and
modest accumulation of sediment in downstream floodplains.
This redistribution of sediment occurs during large flood events
which erode toxic terraces on decadal timescales, producing high
suspended sediment concentrations, such that the toxicity of the
fan progrades downstream. These results provide a new context for:
interpreting the century-scale evolution of major sediment slugs
in fluvial systems; for exploring process links between the history
of sedimentation and inundation, and the biogeochemistry of Hg;
and for assessing the downstream risk of Hg contamination and
bioavailability along sediment transport pathways.

to the atmosphere from anthropogenic sources of which about
50% originate from coal combustion. Natural emission is likewise
-1
estimated to about 2000 Tons Hg yr as is also the case of reemission
of previous deposited mercury.
The level of mercury in the environment is therefore enhanced
compared to preindustrial time and levels of mercury in high
predator fish is so high that EU and US have given guidelines for a
maximum intake to avoid noxious effects of mercury in humans.
Therefore it is very important to determine the levels and follow
the trends of mercury over time and to investigate the processes
responsible for the removable of atmospheric mercury. In this
way the dynamics of atmospheric mercury; the connection
between sources, atmospheric transport and receptor areas can
be determined. A particular area of interest is the Arctic where
each spring Gaseous Elemental Mercury (GEM) is observed to
be depleted during the so called Atmospheric Mercury Depletion
Episodes (AMDE) which may lead to enhanced load of atmospheric
mercury to the Arctic environment. The phenomenon is occurring
together with ozone depletion ODE and Br is demonstrated to play a
key role in both AMDE and ODE.
At Station Nord (81° 36’ N; 16° 39’ W, 24 m ASL) we have measured
mercury in the form of GEM and ozone simultaneously from 1999
to 2002. Adding new measurements from 2006 – 2010 the time
series is extended making an estimate of decadal trends possible.
Furthermore the data will be interpreted based on chemistry and
changing climatic conditions.

RS1-O1
RG3-O6
MERCURY IN STACK GAS-CONTINUOUS MONITORING
VS. SORBENT TRAPS.
1

SIPERSTEIN, Joseph
(1) Ohio Lumex Co, Inc, mail@ohiolumex.com
A compilation of field results obtained at Coal Fired Power plants,
Metal Recycling and other anthropogenic sources in the USA.
The testing performed by US EPA standardized methodology per
method 30B and PS 12A. The testing results traceable to the US
National Institute of Standards and Technology. Oxidized and
elemental mercury levels captured and compared simultaneously.
Real Time data from Continuous Monitors and semi continuous
sorbent trap data obtained on the same sources and compared.

RS4-O12
MEASUREMENTS OF OZONE AND GASEOUS
ELEMENTAL MERCURY AT STATION NORD, NORTH
EAST GREENLAND
1
2
2
SKOV, Henrik , NORDSTRØM, Claus CNO , JENSEN, Bjarne BJ ,
2
CHRISTENSEN, Jesper
(1) National Environmental Research Institute, Aarhus University ,
hsk@dmu.dk (2).
The atmosphere is generally the most important matrix for the
-1
transport of mercury. Globally about 2000 Tons Hg yr is emitted
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CARIBIC OBSERVATIONS OF GASEOUS MERCURY IN THE
UPPER TROPOSPHERE AND LOWER STRATOSPHERE
1

2

3

SLEMR, Franz , EBINGHAUS, R. , KOCK, H.H. ,
1
4
BRENNINKMEIJER, C.A.M. , SCHUCK, T. , HERMANN,
5
6
7
8
M. , WEIGELT, A. , ZAHN, A. , VAN VELTHOVEN, P. ,
9
MARTINSSON, B.
(1) Max-Planck-Institute for Chemistry, franz.slemr@mpic.
de (2) GKKS Forschungszentrum Geesthacht GmbH; (3) GKSS
Forschungszentrum Geesthacht GmbH; (4) Max-Planck-Institue
for Chemistry; (5) Leibniz-Institut für Troposphärenforschung ; (6)
Leibniz-Isntitut für Tropopsphärenforschung; (7) Karlsruhe Institue
of Technology; (8) Royal Netherlands Meteorological Institute; (9)
University of Lund.
A unique set of gaseous mercury measurements in the upper
troposphere and lower stratosphere (UT/LS) has been obtained
during the monthly CARIBIC (www.caribic-atmospheric.com)
flights since 2005. The passenger Airbus 340-600 of Lufthansa
covered routes to the Far East, North America, India, and the
southern hemisphere. The accompanying measurements of CO,
O3, NOy, H2O, aerosols, halocarbons, hydrocarbons, greenhouse
gases, SF6 and several other parameters as well as backward
trajectories enable a detailed analysis of these measurements. The
CARIBIC measurements represent a good approximation of total
gaseous mercury (TGM) concentrations as speciation tests have
shown. Above the tropopause gaseous mercury concentration
always decreases with increasing PV and O3 which implies its
conversion to particle bound mercury. The observation of the
lowest TGM concentrations at the highest particle concentrations
in the stratosphere provides further evidence for such conversion.

290

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
We will show how a seasonally dependent conversion rate could
be derived using concomitantly measured SF6 mixing ratios as
a timer. Tropospheric mercury data suggest the existence of a
decreasing trend on > 90% significance level. The size of this trend is
comparable with the trend derived from long-term measurements at
Cape Point (South Africa) and Mace Head (Ireland) since 1996.

MS18-O2
SUMMARY OF THE PROGRESS OF THE UNEP COAL
PARTNERSHIP AREA WORK TOWARDS IMPROVING
MERCURY INVENTORIES AND ESTABLISHING MERCURY
REDUCTION PROJECTS IN SELECTED COUNTRIES
1

2

3

SLOSS, Lesley , JOZEWICZ, Wojciech , FUTSAETER, Gunnar
(1) IEA Clean Coal Centre, lesleysloss@gmail.com (2) Arcadis; (3)
UNEP.
The UNEP (United Nations Environment Programme) is working
towards a legally binding instrument on mercury, to be finalized
in 2013. The UNEP Mercury Programme Partnership is the main
mechanism for the delivery of immediate actions on mercury during
the negotiation process of this treaty. In support of the UNEP Global
Mercury Partnership, the European Commission has provided
funding and several projects have been initiated in target countries
to improve the accuracy of mercury emissions inventories and to
demonstrate the potential for economic mercury reduction at full
scale coal-fired facilities. The UNEP Coal Partnership is currently
coordinating projects in Russia, China and South Africa.
Initial results from a new emission inventory of the power sector
in Russia indicate that mercury emissions are significant. The
Coal Partnership is co-funding two mercury reduction projects
to demonstrate the potential for enhanced mercury removal
with existing pollution control systems at typical Russian coalfired plants. One of the selected plants has an ESP (electrostatic
precipitator) based particulate control system, the other has a wet
particulate matter venturi scrubber based system. The potential
for mercury reduction will be demonstrated with the addition of a
sorbent to the ESP system of one plant and an oxidising agent in the
other.
The Chinese study, carried out by Tsinghua University, represents
probably the most extensive study ever on mercury in Chinese coals.
The report also demonstrates how the rapid move towards cleaner
and more efficient plants has not only curbed the rapid rise in
mercury emissions from but is also likely to result in a move towards
an overall reduction in mercury emissions from China within the
next decade.
The stack sampling study in South Africa, supported by the US
EPA, represents the first ever measurement of mercury emissions
from coal-fired power plants in this region. A project has been
proposed to determine the efficacy for the removal of mercury from
coal through a relatively dry coal cleaning process, which could be
applicable on a large scale in the region.
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FS10-O4
UNDERSTANDING THE MOLECULAR MECHANISMS OF
BACTERIAL MERCURY RESISTANCE
1

1

2

SMITH, Jeremy C. , GUO, Hao-Bo , HARWOOD, Ian M. , JOHS,
1
1
2
3
Alexander , PARKS, Jerry M. , MILLER, Susan M. , OLLIFF, Lynda ,
3
1
1
SUMMERS, Anne O. , TOMANICEK, Stephen J. , LIANG, Liyuan
(1) Oak Ridge National Laboratory, smithjc@ornl.gov (2) University of
California San Francisco; (3) University of Georgia.
We report recent progress toward understanding the structure,
function, and underlying mechanisms of proteins involved in
bacterial mercury resistance using biochemical, biophysical
and computational approaches. Specific systems include the
metalloregulator MerR, which controls the transcription of mer
genes, the organomercurial lyase MerB, which catalyzes the cleavage
of mercury-carbon bonds, and the mercuric reductase MerA, which
catalyzes the reduction of Hg(II) to less toxic elemental Hg(0). In
the case of MerR, the structures of the apo and Hg(II)-bound forms
of the protein in aqueous solution were examined using small-angle
X-ray scattering (SAXS), and the conformational dynamics of the
Hg(II)-bound form were characterized using molecular dynamics
(MD) simulations. Simulations revealed interdomain motions on
a timescale of ~10 ns involving large amplitude (~ 20 Å) domain
opening-and-closing, coupled to ~ 40° variations of the interdomain
torsional angle. This correlated domain motion may propagate
allosteric changes from the metal-binding site to the DNA-binding
site while maintaining DNA contacts required to initiate DNA
underwinding. In MerB, it is known that two conserved cysteines
and an aspartate residue are required for catalysis, but many
details of the reaction mechanism have not been determined.
Proposed reaction mechanisms of MerB were investigated using
density functional theory (DFT) calculations, and the results
support a mechanism in which the two cysteines coordinate with
methylmercury and the aspartic acid protonates the hydrocarbon
leaving group. For the mercuric reductase MerA, the structure and
dynamics of the multi-domain protein were investigated using
SAXS and MD simulations. The results provide insight into how
the N-terminal domain (NmerA) acquires Hg(II) and delivers it to
the catalytic core domain for reduction. We also discuss structural
characterization and mechanistic work on the outer-membrane
cytochrome OmcA, and progress toward improved understanding
of the interaction of Hg(II) with low molecular weight ligands in
aqueous solution.

TG5-P11
HETEROGENEOUS CAPTURE OF GASEOUS MERCURY
OVER UV-IRRADIATED TITANIA: COAL EMISSION
REMEDIATION
1

SNIDER, Graydon
(1) McGill University, graydon.snider@mcgill.ca
Coal burning and waste incineration are major sources of
atmospheric gaseous mercury. We are exploring means to remove
mercury gas directly from these emissions.
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Ultra-violet light irradiated over titanium dioxide will readily
oxidize mercury to HgO(s). The surface-based reaction follows a
Langmuir-Hinshelwood mechanism. In a previous study the rate
constant k and Langmuir adsorption constant K were compared
with literature values.
Current work focuses on the effects of mercury oxidation and
desorption with concomitant coal flue gases (H2O, CO, NO2, and
SO2) at ambient and elevated (T > 100°C) temperatures. We have
found high concentrations of SO2 and H2O show no apparent effect
on reaction rates. High levels of NO2 oxidize mercury to Hg(NO3)2
by an uncertain mechanism. Above 100°C, CO will reduce HgO
back to elemental mercury. Details of the experimental conditions,
and how they apply to a coal flue gases, will be discussed.

MG4A-P1
MODELING OF ATMOSPHERIC MERCURY WITH THE
DANISH EULERIAN HEMISPHERIC MODEL
1

1

SOERENSEN, Anne L , SKOV, Henrik , CHRISTENSEN, Jesper H
(1) Aarhus University, NERI, anls@dmu.dk

1

A 3-D bromine/mercury chemistry model is in the progress
of development at National Environmental Research Institute.
The model is based on the Danish Eulerian Hemispheric model
(DEHM) system. This system consists of a weather forecast model,
the PSU/NCAR Mesoscale Model version 5 (MM5) modeling
subsystem, which is driven by global analyzed meteorological data
either ECMWF or NCEP, and a 3-D atmospheric transport model,
the DEHM model. The horizontal space of the model system
is defined on a regular 150x150 grid that covers the Northern
o
Hemisphere with a grid-resolution of 150 km at 60 N and 29 vertical
layers up to a height of 16 km. The whole system also includes twoway nesting capabilities, so it is possible to do finer (150 km -> 50
km -> 16.67 km, etc) model calculations over e.g. the Arctic Ocean
or Greenland. A presentation of the model system will be given
with focus on the implementation of new and updated halogen
and mercury chemistry schemes. The model-results will be verified
against measurements obtain in the Danish AMAP stations at Nuuk
and Station Nord on respectively the south west coast of Greenland
and on north east coast of Greenland as well as cruise data for the
North Atlantic Ocean from the Galathea 3 circum navigation. The
focus of the presentation is the simulation of mercury in the Arctic.

FG10-O2
MEASUREMENTS AND MODELLING OF THE AIR-SEA
EXCHANGE OF MERCURY
1

2

SOERENSEN, Anne L. , ANDERSSON, Maria , MASON, Robert
2
3
P. , SUNDERLAND, Elsie M.
(1) Aarhus University, National Environmental Research Institute,
anls@dmu.dk (2) University of Connecticut, Department of Marine
Sciences; (3) Harvard University, Department of Environmental
Health.
Most ocean surface waters are supersaturated with gaseous
elemental Hg (Hg0), resulting in net evasion to the atmosphere
globally. New global modeling results confirm that Hg evasion from
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the ocean accounts for approximately one-third of atmospheric
emissions and around 80% of Hg deposited to the ocean surface
reenters the atmosphere as the result of air-sea exchange. Efforts
to evaluate model predictions and to gain insights into future
improvements needed are constrained by sparse data availability
on air-sea exchange processes. Here we present new continuous
0
measurements of dissolved Hg in seawater and total atmospheric
gaseous mercury (TGHg) from four cruises in Bermuda between
2008-2010 and one off the New England Shelf in 2008. Seawater
0
Hg was estimated from equilibrium air concentrations determined
every 5 minutes with a Tekran 2537A and collected using a
continuous sparging set-up with a high water/air flow ratio that
ensured gas:water equilibrium (seawater flow was 10-16 L/min and
the Hg air flow 1.5 L/min). Water concentrations were calculated
from these measured air concentrations using Henry’s law.
Atmospheric concentrations were measured every 5 minutes using
another Tekran 2537A. Results show atmospheric concentrations
3
are fairly uniform across all cruises ranging from 1.47 ng/m off
3
the New England Shelf and 1.41-1.43 ng/m in Bermuda. Measured
0
seawater Hg concentrations were also fairly consistent across
cruises and ranged from 0.11-0.14 pM, while the corresponding
0
fluxes of Hg to the atmosphere predicted from the observational
2
data were between 10-24 pmol/m /hr, depending on wind speed
and water temperature. We compare observations to model results
from the GEOS-Chem biogeochemical Hg model. The model
0
includes atmospheric oxidation of Hg by Br atoms and an updated
surface ocean model that includes mechanistic descriptions of redox
processes, particle associated Hg fluxes, and subsurface ocean inputs
to the mixed layer. Preliminary results suggest the model reasonably
0
reproduces observed atmospheric and oceanic Hg concentrations in
most regions but underestimates seawater concentrations in coastal
regions. We present results for a variety of sensitivity studies with
the model, including a new parameterization for air-sea exchange
that takes into account wave height and wave age for whitecapping.

RS1-P18
HG0 VAPOUR AIR-SURFACE EXCHANGE: FIELD
INTERCOMPARISON OF DYNAMIC ENCLOSURE
APPROACH AND A CONDITIONAL MICROMETEOROLOGICAL TECHNIQUE
1

2

1

1

SOMMAR, Jonas , ZHU, Wei , SHANG, Lihai , FU, Xuewu , LIN,
3
1
Jerry , FENG, Xinbin
(1) Institute of Geochemistry, Chinese Academy of Sciences, Jonas@
mails.gyig.ac.cn (2) (1)Institute of Geochemistry, Chinese Academy of
Sciences; (2)Graduate School of the Chinese Academy of Sciences; (3)
Lamar University, USA.
0

Two sampling approaches to measure Hg gas exchange have been
compared during a bi-weekly campaign over an open field setting in
Guiyang, China:
1.

A relaxed eddy accumulation (REA) method relying on
turbulent transport in the planetary boundary layer. In this
method, the air in the case of positive and negative maximal
values of the vertical wind velocity are collected into two
separate reservoirs; for fluctuations around zero the air is
rejected,
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2.

Dynamic flux enclosures (DFC) designed to attain a steady,
uniform friction velocity (u*) within the DFC.
0

The magnitude and diel cycles of the Hg vapour fluxes measured
with the REA and DFC techniques respectively will be reported.
Moreover, open field u* determined by the micro-meteorological
apparatus will be compared with the measured u* of DFC. The
discrepancy in results between the methods will be discussed.

MG2-O7
MERCURY STABLE ISOTOPIC COMPOSITIONS OF
LICHENS AND MOSSES FROM THE RUSSIAN (SUB-)
ARCTIC
1

1

SONKE, Jeroen E , POKROVSKY, Oleg , SHEVCHENKO,
2
Vladimir
(1) Geoscience Environnement Toulouse – Midi-Pyrénées Observatory
– Toulouse, France, sonke@get.obs-mip.fr (2) Shirshov Institute of
Oceanology – Russian Academy of Sciences – Moscow, Russia.
Mercury (Hg) levels in lichens and mosses have been used as
surrogates for atmospheric Hg deposition to continental surfaces.
Recently the stable isotopic composition of Hg in epiphytic (treelocated) lichens was studied in both urban and remote locations
(Carignan et al., 2009). These authors observed substantially
negative mass independent Hg isotope fractionation (MIF)
199
with Δ Hg down to -1 ‰ in North-America. Recent direct
measurements of Hg MIF in North–American atmospheric
199
precipitation found exclusively positive Δ Hg up to +0.5 ‰ (Gratz
et al., 2010). Unpublished co-located lichen and precipitation
samples appear to confirm a similar contradiction between directly
measured atmospheric Hg in precipitation and Hg recovered from
epiphytes (Ghosh and Odom., 2010).
In this study we collected and analyzed Hg concentrations in
160 samples of epiphytic lichens and terricolous (growing on the
ground) lichens and mosses from remote locations across the
o
o
Russian Arctic and sub-Arctic (50 to 72 N, 30 to 160 E). Sixty subsamples were analyzed for their Hg stable isotope signatures by MCICPMS after micro-wave assisted acid digestion following Estrade et
al., 2010. Hg concentrations ranged from 14 to 5987 ng/g (median
49 ng/g). Epiphytic lichens had significantly higher Hg levels (255
ng/g) than terricolous lichens (40 ng/g) and mosses (79 ng/g). Both
mass dependent and mass independent Hg isotope fractionation was
202
199
observed across all samples: δ Hg, -5.7 to +0.1 ‰; Δ Hg, -0.5 to
+0.3 ‰. The relationship between Hg MIF signatures, with a linear
199
201
regression slope of Δ Hg over Δ Hg of 1.1 suggests a dominant
photochemical origin for Hg MIF. The data will be interpreted in
the context of the above outlined contradiction between direct and
indirect atmospheric Hg deposition. In particular the possibility that
MIF signatures originate from post-emission MIF will be discussed.
Carignan, J., Estrade, N., Sonke, J. E., and Donard, O. F. X., 2009.
ES&T 43, 5560-5564.
Estrade, N., Carignan, J., Sonke, J. E., and Donard, O. F. X., 2010.
GGR 34, 79-93.
Ghosh, S. and Odom, A. L., 2010. In vivo Hg MIF effect in
epiphytes? GCA 74, A328.
Gratz, L., Keeler, G., Blum, J., and Sherman, L. S., 2010. ES&T 44,
7764–7770.
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RS19-P3
NUTRITIONAL FACTORS AND MERCURY TOXICOLOGY IN
THE AMAZON: AN UPDATE
1

2

SOUSA PASSOS, Carlos Jose , VALENTINI, Juliana , GARCIA,
3
4
5
Solange Cristina , DAVIDSON, Robert , LEMIRE, Mélanie ,
6
7
8
FILLION, Myriam , MERTENS, Frédéric , LUCOTTE, Marc ,
2
6
BARBOSA JR., Fernando , MERGLER, Donna
(1) University of Brasilia, cjpassos@unb.br (2) FCFRP - University
of São Paulo (Brazil); (3) Federal University of Rio Grande do Sul
(Brazil); (4) UQÀM & Biodôme de Montréal (Canada); (5) Axe santé
des populations et environnementale, Centre de recherche du CHUQ,
Université Laval (Canada); (6) CINBIOSE, Université du Québec à
Montréal (Canada) ; (7) University of Brasilia (Brazil); (8) Institut
des sciences de l´environnement, Université du Québec à Montréal
(Canada).
Over the last years our research team has been examining the
influence of dietary and nutritional variables on Hg exposure and
toxicity in the Brazilian Amazon through interdisciplinary projects.
In these riparian populations fish is a nutritious food but it can also
be the vehicle of toxic substances such as mercury. Simultaneously,
villagers are exposed to other health-promoting foods such as
native fruits, which contain a number of phytonutrients that
can slow or prevent chronic diseases. Due to the importance of
nutritional factors on metals` toxicology, and considering the
rich food biodiversity in the Amazon, one of the questions among
researchers has been to what extent such food diversity could be
used to reduce Hg exposure while maintaining fish consumption.
Along those lines, an important scientific finding resulting from a
1-year participatory dietary survey with a group of women reported
the ability of native fruit consumption to influence relations between
fish consumption and biomarkers of Hg exposure. Further studies
have been under way not only to identify nutrients possibly involved
with this potential protective effect against Hg exposure, but also
to study the feasibility of using the large food biodiversity of this
region to reduce such exposure. In the context of the PLUPH
project, we have recently determined blood total Hg concentrations,
plasma levels of antioxidant vitamins (e.g., vitamins E and A),
essential metals (e.g., zinc, copper, manganese, selenium) as well as
carotenoids (e.g., lycopene and β-carotene) in three newly enrolled
riparian communities on the Tapajós River, during two seasonal
campaigns. As expected, Hg exposure was elevated in both seasons,
with higher levels during rainy season (mean: 74 ± 59.1μg/L, range:
7.9 – 231.1) compared to dry season (mean: 37.6 ± 34.7μg/L, range:
1.6 – 178.4). Nutrients were generally found within expected ranges
with important seasonal variations, with normal values found for
most nutrients during the rainy season (mean vitamin E: 22.1 ±
7.3 μmol/L; mean vitamin A: 1.96 ± 0.44μmol/L; mean zinc: 7933
± 1945μg/L; mean copper: 846.3 ± 172.8μg/L; mean manganese:
25.2 ± 7.3 μg/L; mean selenium: 358.0 ± 156.1μg/L; mean lycopene:
0.25 ± 0.16 μmol/L; mean β-carotene: 1.50 ± 1.12 μmol/L), whereas
vitamin E and β-carotene were bellow expected lower limits
during the dry season (11.9 ± 3.2 μmol/L and 0.4 ± 0.2 μmol/L,
respectively). These data are currently under analyses to examine
their possible influence on Hg exposure and biochemical effects on
this riparian population.
This work was carried out with support from the Global Health
Research Initiative (GHRI), a collaborative research funding
partnership of the Canadian Institutes of Health Research, the
Canadian International Development Agency, Health Canada, the
International Development Research Centre, and the Public Health
Agency of Canada.
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G5-P18
MERCURY REMOVAL FROM EXHAUSTED FLUORESCENT
BULBS BY MICRO-FLOTATION
1

1

1

SOUZA, Carlos G. , OLIVEIRA, Debora M. , SOBRAL, Luis G. ,
1
2
BRAGA, Paulo F.A. , DA SILVA, Tiago T.
(1) Centre for Mineral Technology CETEM/MCT, (2) Braga.
The unsuitable discharge of exhausted fluorescent bulbs in the
environment has been causing a severe mercury contamination,
bearing in mind the huge number of those lamps being produced
worldwide. Once broken, elemental mercury vapour is released
reaching different environment compartment and bio-metabolized
and further transformed into organo-mercurial species and
absorbed by bio-indicators causing a real harm to human being.
This technical contribution aims at defining a physical-chemical
process for transforming the mercury droplets into mercury
sulphide while reacting with elemental sulphur. After cutting the
lamps ends, the mercury-bearing white stuff, covering the inner
surface of the lamp (Chlor-fluorapatite - Ca10(PO4)6(OH,F,Cl)2), is
collected and mechanically suspended in water. Before mixing the
elemental sulphur powder, few drops of a surfactant is added so as
to change its surface into a hydrophilic one for better reacting with
the elemental mercury producing mercury sulphide (HgS). Such
sulphide is further removed by using a micro-flotation column, and
the experimental conditions for this to occur are being defined.

RS17-P4
MERCURY EXPOSURE MONITORING IN GOLD SHOPS OF
THE ITAITUBA CITY, AMAZON
1

2

SOUZA, Terezinha M. Cid , BASTOS, Wanderley R. , ANJOS, José
1
2
Raimundo , OLIVEIRA, Ronaldo C.
(1) National Department of Mineral Production-DNPM, ttcid@yahoo.
com (2) Federal University of Rondonia-UNIR.
The Itaituba City, where are located the gold shops, is the main
center of gold commercialization from Tapajós region. In those
shops, the gold sold by the mining workers still contains up
to 5% of mercury, that is burned again releasing the vapor in
the environment, provoking pollution. This research aimed to
investigate the mercury vapors inside the gold shops and if this
mercury is reaching the workers. The study was accomplished
through the mercury analysis in the air inside the shops using
the biomonitorr Tillandsia usneoides and mercury analysis in the
workers’ urine, in two periods. They were registered 17 shops and
applied a questionnaire in 97 workers. The biomonitor was exposed
at the shops by periods of 15 and 30 days. The mercury analyses
were accomplished by 2 analytical systems cold vapor atomic
absorption spectrophotometry. The Hg concentrations in the plants
exposed by 15 and 30 days showed growing values in function of
the exposure time, presenting a very good correlation between Hg
concentration and the period of exposure. The Hg concentration
in the plants with 15 exposure days presented average of 1.04 mg/
Kg and 0.44 mg/Kg, representing 104 and 12 times above the Hg
found in the control sample, respectively for the first and second
period. The plants exposed for 30 days, presented average of 1.66
mg/Kg and 0.86 mg/Kg, corresponding to 55 and 23 times above
the control sample, respectively for the first and second period.
80% of the workers are men (18 to 59 years old). The activities were
arranged in two categories: burner (63%), other functions (27%).
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The average of Hg in the workers’ urine was of 15.5 μg/L and 30.34
μg/L, respectively for the first and second period. The highest values
of Hg were found in the burner’s group with average of 16.6 μg/L
and 45.47 μg/L. 51% of the workers presented Hg above 10 μg/L and
3% Hg above 50 μg/L, considered biological limit of tolerance. It was
verified that the workers that presented the highest concentrations
of Hg in the urine worked at the shops that presented the highest Hg
values in the biomonitor. This study suggests that the Hg vapors are
being spread in the atmosphere and reaching the workers.

FG10-O1
TEN YEARS OF SHIP-BORNE MERCURY OBSERVATIONS
AROUND THE MEDITERRANEAN SEA BASIN
1

1

1

SPROVIERI, Francesca , FANTOZZI, Laura , COFONE, Franco ,
1
1
BENCARDINO, Mariantonia , AMMOSCATO, Ivano , GENSINI,
1
1
Mario , PIRRONE, Nicola
(1) CNR-IIA Institute of Atmospheric Pollution Research, f.sprovieri@
iia.cnr.it
In the framework MEDOCEANOR program atmospheric mercury
dynamic processes taking place in the Mediterranean Basin have
been studied through several cruises over the Mediterranean Sea
during different seasons from 2000 to 2010.
Since almost all our knowledge on the regional distribution of
atmospheric mercury is derived from ground-based measurements
at single locations for different time periods, the major scientific
aim of this contribution is to provide spatially and temporally
resolved information on the mercury distribution and speciation
in the Mediterranean Marine Boundary Layer (MBL). The
overall objective is to provide a quantitative assessment of Hg
concentrations in different compartments of the air and water
ecosystems and evaluate major chemical and physical mechanisms
in the lower atmosphere and sea water, atmospheric transport and
deposition as well as gaseous exchanges at the air–water interface
with changing meteorological conditions. Mercury evasion derived
from measurements of dissolved gaseous mercury (DGM) as
well as speciated Hg measurements were performed across the
Mediterranean Sea during nine seasonal cruises covering the eastern
and western sectors of the Mediterranean basin. The relationship
0
between Hg (g), RGM and HgP requires careful examination as
the relative concentrations of the three species depends on the
combined effects of local emissions, chemistry and long-range
transport patterns. A diurnal cycle of the RGM concentrations has
been observed over the off shore waters investigated during the
cruises as result of in situ oxidation processes possibly by as yet
unconfirmed daytime oxidants such as BrO. The highly variable
RGM concentrations in the MBL have been indeed attributed to
intense atmospheric-sea water exchange processes. Results showed,
therefore, that the RGM formation in the Marine Boundary
Layer is the key to all chemical processes in gaseous, aqueous and
heterogeneous phases that may drive the formation of oxidized
mercury and transform elemental Hg to oxidized Hg. Measurements
performed during summer and early spring seasons consistently
demonstrated that maximum solar radiation at midday occurred
when DGM concentration was at its highest value. During nights
DGM concentrations were generally lower compared to the
concentrations measured during daylight. Further researches will
be carried out within the ongoing GMOS project in order to better
understand the relative contributions of all these mechanisms in the
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overall mercury cycle on regional and global scale and the relative
contribution of natural vs. anthropogenic vs. recycling mechanisms
which represents a crucial step in the assessment of the global cycle
in the Mediterranean sea basin.

RS4-O2
DIFFERENCES IN MERCURY BIOACCUMULATION
AMONGST POLAR BEARS (URSUS MARITIMUS) FROM
THE CANADIAN HIGH AND SUB ARCTIC
1

1

ST.LOUIS, Vincent L. , DEROCHER, Andrew E. , STIRLING,
2
1
1
3
Ian , GRAYDON, Jennifer A. , LEE, Caroline , JOCKSCH, Erin ,
2
1
1
RICHARDSON, Evan , GHORPADE, Sarah , KWAN, Alvin K. ,
4
KIRK, Jane L.
(1) University of Alberta, vince.stlouis@ualberta.ca (2) Canadian
Wildlife Services, Environment Canada; (3) jocksch@ualberta.ca; (4)
Environment Canada.
Polar bears (Ursus maritimus) are being impacted by climate change
and increased exposure to pollutants throughout their circumpolar
range. In this study, we quantified concentrations of total mercury
(THg) in the hair of polar bears from Canadian high- (southern
Beaufort Sea; SBS) and sub- (western Hudson Bay; WHB) Arctic
populations. Concentrations of THg in polar bears from the SBS
population (14.8±6.6 μg g-1) were significantly higher than in polar
15
13
bears from WHB (4.1±1.0 μg g-1). Based on N and C signatures
in hair, polar bears from the SBS population appear to feed on a
longer, more pelagic food web than those from WHB. Food web
length and structure accounted for ~67% of the variation we found
in THg concentrations amongst the two populations. Regional
difference in THg concentrations in polar bears was likely also the
result of regional differences in availability of methyl Hg (the toxic
form of Hg that biomagnifies through food webs) at the base of
the food webs. For example, concentrations of methylated Hg at
mid-depths in the marine water column of the northern Canadian
-1
Arctic Archipelago were 79.8±37.3 pg L , whereas in HB, they only
-1
averaged 38.3±16.6 pg L . We conclude that a longer food web and
higher pelagic concentrations of methylated Hg in the BS resulted
in higher concentrations of THg in polar bears from the SBS region
relative to those living along the western coast of HB.

RS9-P10
REDUCTION OF AQUEOUS MERCURY(II) AND
DISSOLUTION OF CINNABAR IN THE PRESENCE OF
QUINONES UNDER ANOXIC CONDITIONS
1

2

1

STALLINGS, Kimberly B. , KERR, Michelle , NAGY, Kathryn L.
(1) University of Illinois at Chicago, kstall2@uic.edu (2)
Environmental Protection Agency.

Mercuric sulfide minerals can react with natural organic matter
and release Hg(II) to the aqueous environment under oxygenated
conditions (1,2). Reducing moieties in the organic matter, such as
quinones, have been postulated to have a mechanistic role in the
reaction based on correlation of the measured dissolution rates
of cinnabar with the aromaticity of the organic matter. We are
investigating how the degree of conjugation of quinone compounds
affects the extent of reduction of aqueous mercury(II) and
dissolution of cinnabar. The hypotheses are that Hg(II) reduction is

WWW.MERCURY2011.ORG

more rapid and the dissolution of cinnabar is enhanced to a greater
extent the less conjugated the quinone structure. Experiments are
conducted under controlled reducing conditions. Mercury(II)
reduction and cinnabar dissolution are monitored with time by
measuring aqueous Hg(II) in the reaction vessel and an inline
oxidizing trap solution designed to capture any gaseous Hg(0)
released in the reaction. The mass balance of mercury is checked in
all experiments. Initial results show that the reduction of aqueous
Hg(II) measured in the presence of hydroquinone, juglone, and 2
,6-anthraquinone disulfonic acid at a 1:50 Hg-to-quinone molar
ratio occurs about 50% more effectively by hydroquinone than
by juglone. However, anthraquinone disulfonic acid is even more
effective than juglone by a factor of 3, indicating the importance of
functional groups in addition to degree of conjugation.
Enhanced dissolution of cinnabar as a function of the amount of
hydroquinone in solution demonstrates that the reaction is surfacecontrolled. The dissolution reaction appears to stop after a few
hours of reaction suggesting that the surface becomes passivated
in the experimental systems. The results combined with those
of previous studies (1,2) suggest that fluctuations in position of
the oxic-anoxic boundary in natural aqueous systems containing
dissolved organic matter may result in temporary rapid dissolution
of the surfaces of previously-formed mercuric sulfide minerals
thereby providing immediate local sources of aqueous Hg(II)
regardless of redox conditions.
[1] Ravichandran M., Aiken G.R., Reddy M. M., and Ryan J.N.
(1998) Environmental Science and Technology 32, 3305-3311.
69, 1575-1588.
[2] Waples J.S., Nagy K.L, Aiken G.R., and Ryan J.N. (2005)
Geochimica et Cosmochimica Acta

TS17-O13
ASGM MERCURY USE IN INDONESIA, AND TECHNICAL
APPROACHES FOR REDUCING EMISSIONS.
1

STAPPER, Daniel
(1) University of Victoria, daniel.stapper@gmail.com
Artisanal Small-scale Gold Mining (ASGM) and mercury use is
widespread throughout the Indonesian archipelago, including the
province of Central Kalimantan. Miners process ore in several
different ways but the use of mercury is ubiquitous. In Central
Kalimantan alone, more than 50 tons of mercury is used annually
by 55,000 miners. The practice of whole ore amalgamation on
milled hard rock ores consumes and emits a disproportionately
large amount of this mercury. Whole ore amalgamation is typically
followed by processing with cyanide, a practice known to create
soluble mercury species and mobilize these complexes into
ecosystems around and downstream of processing operations.
The majority of Indonesian miners use sluices to process sediments.
Concentrates are panned with mercury to extract gold by
amalgamation. Instead of amalgamation, sluice concentrates can
be concentrated further using a tuneable micro-scale concentrator,
which reduces the mass of a concentrate without losing gold. Up to
100 grams of resulting concentrate with gold content 5% or greater
can be directly smelted. Direct smelting can recover un-liberated
gold, providing an incentive for this approach in some contexts.

295

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
Where mercury has been used for amalgamation, retorts and fumehoods can be used to recover the mercury released when amalgam
is heated, and to reduce occupational exposure. Retorts can be
effective tools for mercury recovery but their design needs to be
tailored to regional behaviours. A cheap and easy to operate fumehood add on has been designed in Indonesia to recover mercury
from heated amalgam. The device consists of a blower fan, a plastic
vessel and some plumbing fixtures.
Replacing whole ore amalgamation with cyanide is a viable concept
but requires both business (economic) and behavioural shifts in
ASM communities. Demonstrating the economical, health and
environmental benefits of cyanide use by developing a processing
operation with local partners may be the best approach to overcome
this challenge. A model facility should operate for profit, and act as a
center for best practices and miner outreach.

health, the resulting DALYs were compared with disease burdens as
published in the latest Global Burden of Disease study.
Findings
The preliminary results present a burden of 4.24 DALYs per 1,000
inhabitants due to chronic mercury intoxication from ASGM in
Zimbabwe in 2004 (total: 52,932 DALYs). The subgroup affected
the most is occupationally exposed men aged 15-29 years with 9.72
DALYs per 1,000 inhabitants. The total DALYs are comparable to
asthma in Zimbabwe, road traffic accidents in Europe, and cancer
(except lung) attributable to indoor and outdoor air pollution, water,
sanitation and hygiene in Hungary (the highest country rate in the
world).

In locations where whole ore amalgamation has operated for years,
thousands of tonnes of pre-processed tailings contain both gold
and mercury. If processed efficiently, significant amounts of both
metals can be recovered economically. This represents business
opportunities for ASM community members, but also presents
technical challenges for which they will require expertise and
assistance.

Interpretation
The data clearly indicate that the use of mercury in ASGM poses
a serious public health issue. The overall DALYs due to chronic
mercury intoxication are comparable with well-recognized
international public health problems, although the lower bound was
estimated. The results highlight the urgent need for action to reduce
the burden. The analysis is limited by the scarcity of data, by reason
of the informal character of ASGM. Refined analyses are currently
in progress to characterize the level of uncertainty and to improve
the quality of the first estimates.

TS17-O10

TS16-P20

THE BURDEN OF CHRONIC MERCURY INTOXICATION
FROM USING MERCURY IN ARTISANAL SMALL-SCALE
GOLD MINING IN ZIMBABWE

MERCURY EXPOSURE IN FEMALE ARTISANAL SMALLSCALE GOLD MINERS (ASGM) IN MONGOLIA: AN
ANALYSIS OF HUMAN BIOMONITORING (HBM) DATA
FROM 2008

1

2

STECKLING, Nadine , BOSE-O’REILLY, Stephan , PINHEIRO,
1,
1
3
2
Paulo PLAß, Dietrich , SHOKO, Dennis , SIEBERT, Uwe ,
1
HORNBERG, Claudia
(1) Faculty of Health Sciences, Bielefeld School of Public Health,
Bielefeld University, Bielefeld, Germany, nadine.steckling@unibielefeld.de (2) Institute of Public Health, Medical Decision Making
and Health Technology Assessment, UMIT (University for Health
Sciences, Medical Informatics and Technology), Hall in Tirol, Austria;
(3) University of Zimbabwe, Harare, Zimbabwe.
Background
Mercury is employed in artisanal small-scale gold mining (ASGM)
to extract the gold from ore; consequently miners and residents
are under risk to develop mercury-related symptoms. To assess the
impact of ASGM use of mercury on population health, the burden
of chronic mercury intoxication in Zimbabwe was estimated for
2004 using the Environmental Burden of Disease (EBD) approach.
Methods
The EBD method was used to calculate the disability-adjusted life
years (DALYs). Epidemiological and demographic information
about the entire and the exposed Zimbabwean population, as well
as about chronic mercury intoxication were collected from different
data sources: two field studies in Zimbabwe, international literature
review, and United Nations and World Health Organization (WHO)
databases. The WHO software tool DisMod II was used to model
missing data. Occupationally as well as environmentally exposed
Zimbabweans were considered. In case of uncertainty, those data
yielding the lowest DALYs were used to avoid overestimation. To
estimate the impact of chronic mercury intoxication on population
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(1) Faculty of Health Sciences, Bielefeld School of Public Health,
Bielefeld University, Bielefeld, Germany, nadine.steckling@unibielefeld.de (2) Institute of Public Health, Medical Decision Making
and Health Technology Assessment, UMIT (University for Health
Sciences, Medical Informatics and Technology), Hall in Tirol, Austria;
(3) Department of Forensic Toxicology, Institute of Forensic Medicine,
University of Munich, Munich, Germany.
Background
Artisanal small-scale gold mining (ASGM) is a poverty-driven
activity in developing countries. Since the 1990s gold mining
became the main livelihood for people in Mongolia who lost their
jobs during the economic transition as well as for nomadic herders
who lost their livestock during a particularly harsh winter. Poor
rural inhabitants try to improve their situation by extracting gold
by amalgamation - a simple and available technology. Mercury is
discharged into the environment, where it poses a hazard for human
health.
Methods
In September 2008, an environmental epidemiological study was
conducted in Mongolia to assess the human exposure: Urine,
blood and hair samples were collected from 156 exposed and
42 unexposed Mongolian women. The human specimens were
analyzed for mercury. Three subgroups were formed, depending
on the different dimension of mercury exposure: (1) occupational
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exposure (medium/high exposed group, n= 64); (2) environmental
exposure (low exposed group, n= 92); and (3) no exposure (control
group, n= 42). Internal mercury distributions of the subgroups
were compared using the Kruskal–Wallis and Mann–Whitney
U-test. The Chi-square test and likelihood ratio proportion were
used to compare the results with threshold limits (German Human
Biomonitoring (HBM) values).
Results
The highest values and the greatest differences in the subgroups
were seen in the urine samples (p<0.001, Kruskal–Wallis), with
a maximum of 78.5 μg/l urine. The occupational exposed group
showing the highest exposure with a median mercury level of 4.36
μg/l urine (control group: 0.10 μg/l, p<0.001), 7.18 μg/g creatinine
and 12 results above the threshold limit HBM I. Even participants
from the low-exposure subgroup showed elevated mercury levels
(median 2.88 μg/l urine; 2.98 μg/g creatinine, p<0.001), with 10
individuals above the HBM I threshold limits.
Discussion
The body burden resulting from the use of mercury in ASGM is
high not only within the group of active miners. An increased
hazard was also found for inhabitants of mining areas who were
not actively involved in mining. In some cases, environmental
exposed residents exceed occupational guidance values. Women of
child-bearing age represent a particular group at-risk, because of
secondary mercury exposure of fetuses and infants. Public health
support measures are urgently needed to improve the situation by
supporting the population groups thus affected.

RG8-P24
DYNAMICS OF DIETARY METHYLMERCURY UPTAKE
IN TWO ESTUARINE FISH: THE SHEEPSHEAD MINNOW
(CYPRINODON VARIEGATUS) AND INLAND SILVERSIDE
(MENIDIA BERYLLINA)
1

1

1

HEYES, Andrew , ROWE, Christopher , STEFANSSON, Emily
(1) University of Maryland Center for Environmental Science,
Chesapeake Biological Laboratory, heyes@umces.edu

The relationship between dietary exposure and methylmercury
(MeHg) accumulation in fish remains poorly understood,
particularly in lower trophic levels. It is also unclear how this
relationship varies among species. We have observed that young of
the year (YOY) perch accumulate Hg rapidly with concentrations
of 10 ng g-1 achieved in less than 3 months, while YOY bass can
-1
achieve concentrations of 250 ng g in the same time period.
This accumulation can be an order of magnitude higher upon
reaching reproductive age. While many standard uptake studies
are short, often only 16 days, it is necessary to track accumulation
over longer time periods and through reproductive development.
The present research focuses on two estuarine forage fish species,
which are predicted to differ in sensitivity: the sheepshead minnow
(Cyprindon variegatus) and inland silverside (Menidia beryllina).
In the first phase of our study, MeHg uptake will be investigated in
-1
fish fed one of five dietary MeHg concentrations (0.02 ug g , 1 ug
-1
-1
-1
g , 5 ug g-1, 10 ug g , and 20 ug g ) over a 70-day dosing period.
The primary goal of the study is to assess how these two species
accumulate MeHg across the same range of dietary MeHg loads.
Secondary goals include identifying any stress responses prior to
sexual maturity, such as growth.
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RS3-P6
THE QUALITY CONTROL OF ATMOSPHERIC MERCURY
SPECIATED DATA
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STEFFEN, Alexandra , SCHERZ, Christina , OLSON, Mark , GAY,
2
1
David , BLANCHARD, Pierrette
(1) Environment Canada, Alexandra.Steffen@ec.gc.ca (2) National
Atmospheric Deposition Program, University of Illinois.
Collecting quality atmospheric mercury species data is a challenging
task and while significant advances in the measurement of
them have been reported in the past 10 years, there is limited
information on the quality control (QC) and assurance processes
employed. Over the past several years, considerable work has
been undertaken within North America (NA) to develop quality
control and assurance programs. The Canadian-led Atmospheric
Mercury Networks and the American-led National Atmospheric
Deposition Network (NADP) both developed their own programs
to QC atmospheric mercury speciation data. While these programs
were developed in consultation, there exist several differences
between each networks approach. The need to have comparable
measurements within North America has become evident with
initiatives to develop international controls of mercury emissions on
the forefront of the United Nations Environment Programme.
A robust investigation of the two QC programs was made to
assess the criteria on which the data is quality controlled and to
assess the comparability of the final data that emerges from these
networks within NA. The programs employed data collected
TM
with the Tekran 2537, 1130 and 1135 instruments which yield
measurements of gaseous elemental mercury, reactive gas phase
mercury and particulate mercury. Results from this analysis show
that the criteria that were established within each network used to
flag data were comparable but had some different approaches. Data
from four different sites in NA were put through each QC program
and the number of flags that emerged was investigated. These results
showed that most of the flagging criteria are equivalent. Finally, data
from two different locations was put through each program and the
final concentrations of the speciated data were compared. Final data
produced from a mid-latitude site compared very well (less than
15% difference between the mean concentrations of each species).
However, the final data from a site with strong variability and high
concentrations revealed that the data sets do not compare as well.
The QC methods applied by these two networks will be discussed
and compared and results from the intercomparison of the final data
sets will be presented.

RS4-O11
MERCURY IN THE ARCTIC AIR; A LONG TERM LOOK AT
WHAT WE KNOW AND
DON’T KNOW
1
1
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1
1
2
Patrick , BOTTENHEIM, Jan , DOUGLAS, Thomas , EBINGHAUS,
3
Ralf
(1) Environment Canada, Alexandra.Steffen@ec.gc.ca (2) U.S. Army
Cold Regions Research and Engineering ; (3) Helmholtz-Zentrum
Geestacht.
Mercury (Hg) is found at elevated levels in the Arctic ecosystem. It
can be transformed in the atmosphere and deposited to the surface
within hours. The discovery of this rapid atmospheric oxidation of
gaseous elemental mercury (GEM) in the Arctic at Alert, Canada
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has led to considerable work to try and understand the reaction
mechanisms and its implications for the Arctic environment. It
is widely accepted that sunlight, frozen surfaces and sea ice are
required to facilitate the mercury oxidation process. The Arctic
is a vast region which limits researcher’s ability to make spatially
representative long term measurements both inland and over the
frozen ocean. However, the Alert GAW station has enabled the
collection of continuous atmospheric speciated measurements to
address seasonal and annual variations inland. Results from this
long term atmospheric program show significant seasonal variation
in Hg and which we are able to discern atmospheric processes
leading to the deposition of Hg to the Arctic.
Near-annual field measurement studies have been investigating
the role of the Arctic atmosphere in mercury processes since
1997. Through these studies, it has become evident that much of
the important chemical interactions occur between the snow, ice,
ocean and the overlying atmosphere. For example, an intensive
field campaign was undertaken to make measurements of mercury
concentrations in 2009. A sled was equipped with instrumentation
and brought out on the ice to the frozen ocean. GEM, RGM and
PHg measurements (among other parameters) were collected near
open sea ice leads for a 2-week period. Results showed that there is
a significant amount of PHg measured over the sea ice that can be
available for deposition to the surface. Further, it was reported that
the concentration of mercury re-emitted over inland snow is greater
than that re-emitted over the frozen sea ice. It is believed that the
highly saline ocean and sea ice surface environment retains mercury
more effectively than less saline surfaces inland. This finding has
significant implications to the current understanding of mercury
deposition into the Arctic Ocean.
An overview of how atmospheric oxidation of mercury in the Arctic
over time will be presented. The breadth of the work that has been
undertaken in this field of research will be highlighted and gaps
of knowledge and the path forward in this research area will be
discussed.

TG4B-O4
INCREASE OF HG DEPOSITION WITH NORTHERN
LATITUDE IN NORWAY
1

STEINNES, Eiliv
(1) Norwegian University of Science and Technology, eiliv.steinnes@
chem.ntnu.no
Deposition of trace metals such as Pb, Zn, Cd, As, and Sb in
Norway shows a substantial decrease with northern latitude as
evident from bulk deposition measurements and supported by moss
analysis. Bulk deposition of Hg follows a corresponding trend. Hg
in terrestrial moss however shows a more uniform distribution,
with a minimum in the middle part of the country and then
increasing towards the north. A similar latitudinal distribution is
evident in surface peat from ombrotrophic bogs. Reasons for this
observation remain speculative, but two possible mechanisms might
0
be suggested: (1) The residence time of deposited Hg from the
hemispheric pool on terrestrial surfaces increases with northern
latitude and provides more time for photochemical oxidation to
occur before re-emission; (2) Reactive Hg produced during Polar
sunrise episodes in the High Arctic may undergo relatively fast
atmospheric transport to land areas farther south and eventually be
deposited.
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RS4-O14
INVESTIGATING THE KINETICS OF MERCURY OXIDATION
AND THE CONTRIBUTION OF HALOGEN RADICALS
FROM FIELD MEASUREMENTS IN BARROW, AK
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(1) Purdue University, thompscr@purdue.edu (2) Environment
Canada; (3) Georgia Institute of Technology; (4) NCAR; (5) NASA Jet
Propulsion Laboratory.
Gaseous elemental mercury (GEM) is a ubiquitous atmospheric
contaminant derived from both natural and anthropogenic sources.
Due to its long atmospheric lifetime in mid-latitudes, elemental
mercury undergoes long-range transport, including to remote polar
regions. It is now well established that GEM is depleted from the
atmosphere following polar sunrise in close correlation with ozone
depletion events. The main driver of these atmospheric mercury
depletion events (AMDEs) is hypothesized to be halogen radical
species, causing oxidation to reactive gaseous mercury forms
that are easily deposited to the snow and ice. Bromine radicals,
including Br and/or BrO, are believed to be the primary oxidants
driving AMDEs, and numerous kinetic and thermodynamic
laboratory studies in the literature suggest the greater importance of
Br. Chlorine has been generally dismissed as an unimportant player,
due to the relatively low estimates of atomic chlorine concentrations
in the Arctic. During the OASIS (Ocean-Atmosphere-Sea IceSnowpack) campaign in spring of 2009 in Barrow, AK we conducted
measurements of GEM, speciated mercury, ozone and numerous
halogenated and organic species. Calculated (steady-state) timeresolved Cl and Br atom concentrations allow us to pursue the
hypothesis that Br atom reaction represents the principal Hg
oxidation pathway through examination of the dependence of the
observed rate of decay of Hg on [Br], [BrO, and [Cl]. Here we will
discuss the results of this analysis, including the extent to which
chlorine can represent an important Hg sink. A box model is used
to investigate the effect on AMDEs of the surprisingly high chlorine
levels observed during this campaign. We also address the relative
importance of each radical species for different events and the
factors that could cause switching between the dominant oxidation
pathways.

MS18-O8
THE MERCURY GAME: EXPLORING HOW COUNTRIES
AND STAKEHOLDERS REPRESENT MERCURY SCIENCE IN
THE GLOBAL MERCURY NEGOTIATIONS
1

1

1

STOKES, Leah C , SELIN, Noelle E , SUSSKIND, Lawrence E
(1) Massachusetts Institute of Technology, lstokes@mit.edu

This paper examines how different parties in the ongoing global
mercury treaty negotiations interpret mercury science using a
negotiation simulation game, in which players take on roles of
countries, scientists and stakeholders. Negotiation simulations are
a unique way to bring people together in an attempt to understand
how the actual negotiations could unfold given different scenarios.
In this case, we focus on different presentations of mercury science
and risk.
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The paper provides a brief history of the recent international
efforts to negotiate a mercury treaty, exploring important scientific
uncertainties that participants have highlighted during the
negotiations. We use this information to build the simulation,
exploring how mercury science is presented in various ways within
a negotiating context, and the implications of these choices for
policy development. In the game, negotiators are presented with
different sources of scientific information, with varying assumptions
of uncertainty and risk, in addition to instructions that help the
players to represent their role accurately. Our analysis focuses on the
credibility of various sources of technical information and strategies
for representing risk and uncertainty.
This paper describes how current efforts in mercury regulation
at the global level are grappling with finding an effective way to
regulate the toxin, given political and scientific considerations.
Although basic mercury science is well established, and suggests
global action is necessary, several key countries have expressed
hesitancy to move forward on abatement options. This paper uses
the Mercury Game to explore how the mercury negotiations have
navigated the problem of finding the balance between scientific and
political considerations and what this means for other multilateral
environmental negotiations.
We present initial results from playing the game in a variety of
professional and academic environments. The game will also be
played at the Conference to explore its utility within a community
of scientists; since this will happen before our presentation, we
will include the results in our discussion. The simulation, available
through the Program on Negotiation Clearinghouse, takes 3-4 hours
to play and could contribute to the UNEP Mercury Partnership’s
efforts to promote science-policy interactions. The game itself
could be used as a tool for engaging scientists and negotiators
on the challenge of integrating science into a negotiation, and
strategies to improve communication. The results may ultimately
provide strategic options for representing science in environmental
negotiations going forward.

deployment. Preliminary performance tests demonstrate that
analyte uptake is in accordance to Fick’s first law of diffusion, which
permits the direct determination of total mercury concentration.
The diffusion coefficient of inorganic mercury in the sol-gel diffusive
-6
-1
layer is 5 x 10 cm2s . This technique has significant potential as
an alternative in situ sampling methods for inorganic mercury and
presumably methylmercury.

RS9-P1
INVESTIGATION OF MERCURY HETEROGENEOUS
CHEMISTRY
1

1

SUBIR, Mahamud , ARIYA, Parisa A.
(1) McGill University, 801 Sherbrooke St. West, Montreal, QC,
Canada H3A 2K6, mahamud.subir@mail.mcgill.ca
The chemistry involving mercury and organic matter entails
interfacial and heterogeneous interactions. In heterogeneous
mixture of dissolved organic matters (DOMs) mercury and
its related compounds can form complexes, which can exhibit
enhanced photoreduction capability. Furthermore, surface
interactions can catalyze these reactions. These effects can
influence the overall mercury cycling. Therefore, we took interest
in deciphering the chemical identity of mercury compounds and
their corresponding reactions in the presence of organic matters
from a fundamental perspective. Using traditional spectroscopic
methods and a laser based surface selective spectroscopic technique
we have studied mercury interactions with model heterogeneous
particulate system in the aqueous phase. We will discuss the impact
of our results on mercury chemical schemes parameterization in the
atmospheric global circulation models.

RS1-O8
SURFACE SELECTIVE SPECTROSCOPY OF MERCURY
COMPOUNDS

RG1-P37
NOVEL PASSIVE MONITORING DEVICE FOR MERCURY
MONITORING USING HYBRID SOL-GEL CROSSLINKED
MATERIALS
1

1

STOTESBURY, Theresa E. , VREUGDENHIL, Andrew J. ,
1
2
HINTELMANN, Holger H. , BILLARD, Christophe
(1) Trent University Chemistry Department, (2) Universite de Reims
laboratoire de Pharacognosie Groups de Glycotechine.
A novel diffusive gradient thin film material (DGT) has been
synthesized using inorganic-organic sol-gel materials and was
optimized for inorganic mercury uptake. The DGT is a three
component system made from convenient water-borne silane
precursors including an adhesive epoxy surface treatment, a
thiol functionalized resin and a starch modified diffusive layer.
Device fabrication does not require heating and allows large scale
production with a relatively long shelf life compared to other DGT
devices. The new resin and diffusive layer were characterized using
Raman spectroscopy, scanning electron microscopy (SEM) and
BET surface area analysis. The thickness of the diffusive layer was
determined with SEM and is approximately 1.3 μm. Mercury uptake
performance was determined by atomic fluorescence spectroscopy
-2
(AFS). The resin’s uptake exceeds 9 ng cm after 26 hours of
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1

1

SUBIR, Mahamud , ARIYA, Parisa A.
(1) McGill University, 801 Sherbrooke St. West, Montreal, QC,
Canada H3A 2K6, mahamud.subir@mail.mcgill.ca
A major source of uncertainty in atmospheric modelling of mercury
cycling is the lack of knowledge of mercury chemistry at various
surfaces. Oxidized mercury compounds exhibit low volatility and
water solubility and thus can “stick” to numerous surfaces, e.g. air/
water, gas/aerosol, air/snow interfaces, present in the atmosphere
and the ecosystem. Moreover, adsorption of mercury compounds
on to the glass surface of reaction chambers, commonly used in
determining the rate constant of gas-phase mercury reactions,
leads to uncertainty in the kinetic parameter. However, the
adsorption mechanism of mercury and related compounds on to
these surfaces is not well understood and characterized. Herein we
present our investigation of interfacial mercury chemistry using a
series of state-of-the-art surface facilities. Adsorption properties
of gaseous and dissolved oxidized mercury compounds on both
natural and laboratory surfaces will be presented. We will further
discuss the impact of our results on mercury chemical schemes
parameterization in the atmospheric global circulation models. A
laser based surface specific spectroscopic technique which holds
the potential to investigate interfacial and heterogeneous mercury
reactions will be elaborated.
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FG9-O6
TOXIC INFLUENCE OF MERCURIC CHLORIDE ON
ANTIOXIDANT SYSTEM IN THE TESTIS AND EPIDIDYMIS
OF ALBINO RATS
1

2

SUGANDHY, Onorine Marcelline , PANNEERDOSS, Subbarayalu ,
2
SURYAVATHI , Viswanadhapalli
(1) Department of Zoology, Kanchi Mamunivar Centre for Post
Graduate Studies, Lawspet, Puducherry – 605 008, India, onorine@
gmail.com (2) Department of Cell Biology, P.O. Box 800 732,
Jordan Hall, Lab # 227 School of Medicine, University of Virginia,
Charlottesville , VA 22908 (USA).
It is evident that heavy metals released in the environment affect
the reproductive processes and fertility of animals. Toxic metals
affect the male and female reproductive system directly or indirectly.
Mercury is used in agriculture as fungicide, in medicine as topical
antiseptic and disinfectant and in chemistry as an intermediate in
the production of other mercury compounds. The present study was
planned to investigate the effect of mercuric chloride on enzymatic
and non−enzymatic antioxidants in the testis and epididymis
of adult albino rats. Adult male albino rats were administered
mercuric chloride at two different doses, 1mg and 2 mg/kg body
weight, orally, daily for 45 days. At the end of the experimental
period the animals were sacrificed, testis and the epididymis were
removed. Antioxidant enzymes like catalase, superoxide dismutase,
glutathione peroxidase, glutathione reductase and glutathione−s−
transferase were estimated in the testis and epididymis extract.
Lipid peroxidation, hydrogen peroxide, vitamin C and vitamin
E were also estimated. Mercuric chloride administration had no
effect on the body weight of the animals but the weight of the testis
and epididymis was decreased. Almost all the antioxidant enzymes
studied were markedly diminished in the testis and epididymis of
mercuric chloride treated animals. The non−enzymatic antioxidants
vitamin C and vitamin E were also decreased. The lipid peroxidation
and hydrogen peroxide were significantly increased. However, the
influence was found to be more in 2mg treated when compared to
1mg mercuric chloride treated rats. The present study suggests the
reproductive toxicity of mercury by inducing the oxidative stress
in the testis and epididymis and possible interference in sperm
production and further maturational processes.

TG7-P4
DEGRADATION OF METHYLMERCURY BY ULTRAVIOLET
RADIATION IN WATER
1

1

1

SUN, Rongguo , ZHANG, Yutao 1, MA, Ming
(1) Key Laboratory of the Three Gorges Reservoir Region’s EcoEnvironment (Ministry of Education), College of Resources and
Environment, Southwest University, Chongqing ,400715, China,
sunrongguo88@163.com

(310nm), UVC (254nm) and control) with the highest rate of
demethylation. Furthermore, we could hypothesize the mechanism
0
of this progress in aquatic systems. The identified products are Hg ,
2+
0
CH3HgCl and Hg . No change in Hg and CH3HgCl was observed
in dark control, while a significant demethylation was observed by
UV radiation. The rate of this reactions is first-order with respect to
intensity, wavelength and methylmercury concentration (K=0.01190.0159min-1). We also demonstrate the effect of Cl-, NO3- and
2+
Fe on photodemethylation. In the presence of Cl-, the rate of
photodemethylation was reduced, and the photodegradation was
2+
increased with NO3- and Fe . These results indicate that mercury
demethylation by UV is a photolytic process that accelerate the
2+
cleavage of carbon-mercury bond. Hg produced in photolytic
0
decay is subsequently reduced to Hg . We assumed that Cl- could
2+
inhibit the photodemethylation of Hg, while NO3- and Fe could
contributes to this process in nature water phase. More researches
are needed to understand the process and the end-products of
photodemethylation in fresh water and sea water.

FG10-O5
DISTRIBUTIONS OF MERCURY AND METHYLMERCURY
IN THE INDIAN OCEAN
1

2

SUNDERLAND, Elsie M. , KRABBENHOFT, David P. , CORBITT,
1
3
Elizabeth S. , LANDING, William M.
(1) Harvard University, elsie_sunderland@harvard.edu (2) United
States Geological Survey; (3) Florida State University.
Marine fish harvested from the South Pacific and Indian Oceans
and sold globally contribute substantially to human methylmercury
exposures. We present new data for total mercury and methylated
mercury concentrations in 1000 m vertical profiles from the
Indian Ocean collected in 2009 on the CLIVAR I5 cruise (32°S
transect between 32E-105E). Total mercury in the surface mixed
layer ranged between 0.50-0.71 pM. Vertical profiles generally
exhibit nutrient like distributions, with lowest concentrations in
the surface mixed layer and increasing to a maximum of 1.47 pM
between 700-1000 m depths. We present the results of coupled
oceanic and atmospheric modeling analyses to project trends in
seawater concentrations given current atmospheric loading rates.
We also show source attribution of present-day and potential future
inputs based on emissions growth scenarios. Observed methylated
mercury concentrations (51-158 fM) in the Indian Ocean are
much lower than observed in our previous work in the North
Pacific (average 266 fM in mesopelagic waters). Lower methylated
mercury concentrations in the Indian ocean correspond to lower
overall productivity in this region. Accordingly, we find that the
empirical relationship between methylated mercury and organic
carbon remineralization rates observed in the North Pacific can be
extended to include the Indian Ocean seawater data, reinforcing the
robustness of this relationship.

The overall impact of methylmercury photodegradation on the
aquatic Hg cycle is unclear. While many research have focused on
biological methylation and demethylation, photodemethylation
of methylmercury are likely very important to reduction of
methylmercury in aquatic systems. Here we report the results of
laboratory experiments designed to identify the light irradiation
conditions (including dark, natural light, UVA (365 nm), UVB
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TG4B-O6

RG9-P5

MONITORING PROJECTS FOR ATMOSPHERIC MERCURY
SPECIES IN JAPAN

THE INFLUENCE OF DIET ON MERCURY LEVELS
IN MUSCLES AND LIVER OF SEAGULLS (LARUS
ARGENTATUS, LARUS MARINUS) AND PENGUIN
(SPHENISCUS DEMERSUS)

1

1

2

SUZUKI, Noriyuki , SHIBATA, Yasuyuki , OGASAWARA, Koyo ,
2
2
2
NAGASAKA, Hiromitsu , HATTORI, Tatsuya , HOSHI , Shuji
(1) National Institute for Environmental Studies, nsuzuki@nies.go.jp
(2) IDEA Consultants, Inc.
The monitoring project for measurement of atmospheric mercury
and other heavy metals at Cape Hedo Atmosphere and Aerosol
Monitoring Station (CHAAMS) has been conducted by the Ministry
of the Environment, Japan (MOEJ). CHAAMS operated by National
Institute for Environmental Studies (NIES) is at the north-west
edge of Okinawa Island and facing to the East China Sea and the
Pacific Ocean. Gaseous elemental mercury (GEM), divalent reactive
gaseous mercury (RGM), and particulate-bound mercury (PBM)
are continuously measured with Tekran mercury speciation system
coupled to a cold vapor atomic fluorescence spectroscopy (CVAFS)
detector.
We developed Standard Operation Procedure (SOP) of atmospheric
mercury analysis for hot and humid climate in Okinawa based on
the procedure recommended by USEPA. In order to assure data
quality of GEM, measurements of four seasons were compared with
values of the MOEJ manual method based on gold amalgamation
with cold vapor atomic absorption spectrometry (CVAAS). GEM
data of Tekran 2537 shows a good correlation with those of the
established MEOJ method. Data quality assurance of RGM and
PBM are also studied using a manually operated off-line system.
RGM is sampled with an annular denuder and analyzed by CVAFS.
PBM is captured on a quartz filter using a high volume sampler and
analyzed by CVAAS.
The measurements from FY2006 to current are analyzed to assess
the background levels of heavy metals and obtain information on
their long-rage transport in Asia- Pacific region. The monthly mean
-3
of observed GEM concentration was 1.3 to 2.5 ngm and hourly
-3
mean was 0.8 - 6.0 ngm . The GEM monthly means are relatively
higher from winter to spring and lower in summer. Frequency of
GEM peak episodes increases from winter to spring related to a
certain meteorological condition. When the air mass is blowing
from the high pressure system in the Asian continent after the
front line passes over Okinawa Island, the high GEM episodes are
observed.
Diurnal variation in GEM with lower in the day and higher at night
was observed especially in summer.
In addition to the Cape Hedo monitoring project, we are conducting
the monitoring campaign of atmospheric mercury at Yaizu City
from January to March in 2011. Measurement results of GEM, RGM
and PBM are compared with those of Cape Hedo which shows
slightly higher averaged level than Cape Hedo maybe reflecting
more impact from local sources in urban/industrial activities.

1

1

1

SZUMIŁO, Emilia , FALKOWSKA, Lucyna , FILA, Grzegorz ,
1
1
SZUBSKA, Marta , BELDOWSKA, Magdalena , KWAŚNIAK,
2
3
Justyna1, MEISSNER, Włodzimierz , KRAUZE, Izabela
(1) Institute of Oceanography, University of Gdansk, (2) Dept. of
Vertebrate Ecology and Zoology, University of Gdansk ; (3) Municipal
Zoological Garden, Gdańsk.
Mercury is able to biomagnify, resulting in the increase of
mercury concentrations in higher levels of the food web. The
highest concentrations are observed in tissues of top predators:
polar bears, seals or seabirds. Mercury levels in the tissues of the
predator depend mostly on the food mercury concentrations and
increases together with the marine fish share of their diet. This is
one of the reasons for seabirds, located in high levels of the trophic
pyramid, being recognized bioindicators of the marine environment
pollution.
This study includes results for two bird species wintering in the Gulf
of Gdansk area: herring gull (Larus argentatus) and great blackbacked gull (Larus marinus). The first feeds mostly on fish, marine
invertebrates, carrion and municipal waste from the waste dumps,
while the latter consumes mostly food of marine origin – fish and
mussles. Another specimens included in this study are african
penguins (Spheniscus demersus), bred in captivity in the Gdansk
Zoo. Their diet consist mostly of fish (herrings from the Gulf of
Gdansk).
Analyzed tissues were obtained from the dead birds found in
colonies at the Southern Baltic coast (Wladyslawowo, Poland) in
winter, in the years 2009-2011 and from the Zoo. Mussel and liver
samples were homogenized and freeze dried. Mercury concentration
was measured using AMA 254 mercury analyzer. Precision and
accuracy control was handled by the analysis of certified reference
material (Quality control has been carried out by the measurement
of certified reference materials, with RSD equal to 5% of the mean.
Total The highest mercury concentrations were recorded in liver,
which is probably the effect of its detoxifying functions. Hg(T)
levels in marine feeding Larus marinus were comparable to those
of Spheniscus demersus, restricted mostly to herring – the average
-1
-1
concentration in liver equaled 3.13 μg∙g (seagulls) and 3.92 μg∙g
(penguin), while mean muscle concentration was 1.17 μg∙g-1
-1
(seagulls) and 1.96 μg∙g (penguin). Mercury concentration in Larus
argentatus, with diet balance heavily shifted towards terrestrial food,
-1
were an order of magnitude lower – 0.59 μg∙g in liver and 0.32 μg∙g
1
in muscles.

MG7-P7
MERCURY SPECIATION IN TEMPERATE TREE FOLIAGE
1

1

TABATCHNICK, Melissa D. , NOGARO, Geraldine ,
1
HAMMERSCHMIDT, Chad R.
(1) Wright State University, melissa.tabatchnick@gmail.com
Cycling of mercury (Hg) and monomethylmercury (MMHg) in
forest ecosystems can affect exposures of terrestrial and aquatic
wildlife within the watershed. Litterfall has been posited to be a
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major source of MMHg and Hg to the forest floor; however, the
origin of MMHg associated with tree foliage is largely unknown.
We tested the hypothesis that leaf MMHg is controlled by root
uptake and thereby proportional to levels in soil. Fresh leaves
and associated soil samples were sampled from nine tree species
2
(deciduous and coniferous) at 30 locations spanning a 1100 km
area in southwest Ohio, a region presumed to have relatively
homogeneous atmospheric deposition of Hg and MMHg.
Concentrations of Hg species in tree leaves were unrelated to those
in soil. In contrast, tree genera and trunk diameter were dominant
variables influencing Hg levels in tree foliage. The fraction of total
Hg as MMHg in leaves was relatively constant among all genera
and averaged 0.4%. Results of this study suggest that uptake of
0
gaseous Hg from the atmosphere is the dominant source of total Hg
in foliage and that MMHg is formed by in vivo transformation of
Hg(II) in proportion to the concentration accumulated. Via litterfall,
it appears that processes occurring within tree leaves are a major
source of Hg and MMHg to the forest floor.

RG1-P10
THERMAL DECOMPOSITION (GOLD-AMALGAMATION)
MERCURY ANALYSES FOR ROHS DIRECTIVE-RELATED
SUBSTANCES
1

2

TAGUCHI, Masashi , KAGOSHIMA, Hiritada , WATANABE,
3
4
4
Tomoaki , HASEGAWA, Ryo , TOYOGUCHI, Toshiyuki , TANIDA,
3
Koji
(1) Nippom Instruments Corporation, tagu-nic@rigaku.co.jp (2)
Nippon Instruments Corportion; (3) Nippon Instruments Corporation;
(4) Environmental Control Center Co.,Ltd.
Regulations regarding heavy metal contamination in industrial
products are becoming more stricter than before in the world (1).
In particular, EU (European Union) has been applying various
regulations to poisonous chemicals contained in industrial products.
ELV (End of Life Vehicles) Directives(July, 2003), RoHS (Restriction
of the Use of Certain Hazardous Substances in Electrical and
Electronic Equipment) Directives(July, 2006) including RoHS
Directives for Japan and China, and REACH (Registration,
Evaluation, Authorization and Restriction of Chemicals)
Regulations are included in those regulations.
Of those regulated substances, mercury is regarded as one of the
specified toxic materials of the strict control targets and must
be controlled by the industrial manufacturers. Then, in addition
to the accuracy of the analysis, the measurement of mercury
should be done desirably by simple, safe and rapid procedures for
multiple samples. The reduction-cold vapor atomic absorption
spectrophotometric method which requires the wet pretreatment
has been adopted as the official method in many countries. On
the other hand, the thermal decomposition (gold amalgamation)
method has been discussed as an alternative official analytical
method for RoHS Directive–related substances due to its freedom
from interfering substances and dangerous reagents and its high
sensitivity.
In this paper, the principle, operational easiness and actual
measurement examples of the thermal decomposition (gold
amalgamation) method and its instrumentation will be explained.
Our method was applied to the following industrial products;
fluorocarbon polymers, fluorocarbon polymers, circuit boards,
various electronic parts, fluorescent tubes, ceramics, polyester and
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polyethylenes. The accuracy and reliability of the present method
was confirmed by measuring polyethylene standard materials
and copper ore. Our method was proved to be a candidate for the
officially approved IEC62321 methodology.
Reference
(1) Masashi Taguchi:KCS-JAIMA Joint Symposium Abstract, P4,
Korea, 30,Apr. (2010)

TG3-P10
NECESSARY MERCURY DIFFUSION COEFFICIENT OF A
PROTECTIVE LAYER FOR LONG-TERM UNDERGROUND
REPOSITORY OF UNUSED MERCURY
1

TAKAHASHI, Fumitake
(1) Kyushu University, f-takahashi@doc.kyushu-u.ac.jp
Owing to adverse impact of mercury on the ecosystem, there
have been international efforts to shift to non-mercury industrial
processes and products. This requests safe disposal or longterm repository of mercury in post-service phase. Underground
repository of unused mercury seems to be a safe and feasible way.
For long-term underground repository, two potential corrosions
should be considered as a mercury release pathway to the
environment: One is inner surface corrosion of a repository vessel
owing to amalgam formation. The other is outer surface corrosion
owing to groundwater. A cost-effective way to reduce mercury
emission owing to these corrosions is to cover a repository vessel
with a protective layer material like cement. The objective of this
study is to estimate necessary characteristics of a protective layer
material for safe long-term underground repository of mercury. In
this study, mercury diffusion coefficient and thickness of a protective
layer were focused on and estimated based on the risk assessment
of a mercury-emission-transfer-exposure scenario. In this scenario,
mercury sulfide is stored in a repository vessel. It is leached from
the vessel to groundwater through a protective layer and transferred
to a lake. Sorption to the soil and methylation/demethlation
reactions during the transfer by groundwater are accounted in this
model. Mercury is distributed to lake water and the sediment when
groundwater reaches to the lake. Further distribution between
lake water and the sediment, methylation and demethylation of
mercury species in water and sediment mediums are also included.
Hydraulic diffusion of lake water reduces mercury burden in the
lake. Methylmercury in lake water is biomagnificated through foodchains and exposed to human bodies via contaminated fish food.
Calculated mercury intake is compared to tolerable intake reported
by WHO to assess health risk. Sensitivity analysis of this model
indicated kinetic rate coefficient of methylation and demethylation
in the sediment, distribution constant of methylmercury between
lake water and the sediment, and biomagnification factor were
significant. If negligible risk is requested during more than 10,000
years repository, this model calculation suggested the protective
-15
2
layer should have less than 7.7×10 m /s of mercury diffusion
coefficient and more than 15 cm of thickness. This suggested that
clay-based material like sand-mixed bentonite might be insufficient
as a protective layer. However, cement is applicable as a low-cost
coverage material when necessary thickness is insured.
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TG5-O8
FORMATION OF MERCURY SULFIDE BY PLANETARY
BALL MILLING FOR LONG TERM SAFE MANAGEMENT OF
MERCURY
1

1

1

TAKAOKA, Masaki , FUKUDA, Naomichi , OSHITA, Kazuyuki ,
1
1
MIZUNO, Tadao , SHIOTA, Kenji
(1) Kyoto University, takaoka.masaki.4w@kyoto-u.ac.jp
International programs are being designed to control mercury
emissions and manage mercury products and waste globally. In
response to this, the EU and USA plan to prohibit the export of
elemental mercury. In many countries including Japan, management
of recovered mercury from industries etc. will be required in the
near future. Some technologies such as Sulfur Polymer Stabilization/
Solidification (SPSS) method have been developed, but many of
them require a heating process. Because elemental mercury has high
volatility, the release of mercury is of concern in their technologies.
Therefore, in this study, a mercury stabilization technology without
heating process was investigated. Elemental mercury and sulfur
were mixed using planetary ball milling with various experimental
conditions. According to experimental results, it was confirmed that
mercury sulfide was synthesized without heating process by X-ray
diffraction and X-ray absorption fine structure methods. The release
of mercury to atmosphere during the milling was not observed.
The labile intermediate of mercury sulfide was observed in the early
stage of milling, which has relatively high water leachability. At
later stage, the intermediates were pulverized into mercury sulfide
powder. These phenomena were significantly influenced with the
diameter of ball (19.04mm, 9.52mm and 4.76 mm) in the vessel of
250mL. The larger diameter gave better mercury stabilization. In the
case of ball diameter with 19.04mm, Japanese leaching test (JLT-46)
value for the synthesized mercury sulfide became less than 0.5μg/L
after almost 20 min. When the molar ratio of sulfur to mercury
was 1.05, both TCLP (Toxicity Characteristic Leaching Procedure)
and the JLT-46 values were 0.26 μg/L and 0.059μg/L respectively,
which suggests that mercury leachability is strictly controlled. Also,
the volatility of the synthesized mercury sulfide was evaluated
employing head space analysis. The mercury concentration in the
3
head space was less than 1μg/Nm at 20°C, which was equivalent to
the level of pure reagent. Compared with other mercury stabilization
technologies, the stability of mercury sulfide synthesized by
planetary ball mill at optimal conditions was as well or better. The
running cost of this technology was estimated to be 13,250 Yen (160
USD)/ ton- Hg and lower than that of SPSS method. Therefore, this
stabilization technology is cost-effective and environmentally-sound
for long term safe management of mercury.

MG14-P3
HEALTH SURVEY IN THE METHYLMERCURY-POLLUTED
AREA IN 2009
1

TAKAOKA, Shigeru
(1)Minamata Kyoritsu Hospital, stakaoka@x.email.ne.jp
Background
Around Minamata districts, many of the residents have avoided
receiving health examination on Minamata disease, because
residents have been afraid of being discriminated. In order to
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provide residents the opportunities for medical examination, we
conducted a health survey along the Shiranui Seashore.
Methods
On September 20 and 21, 2009, inquiry and neurological
examinations of inhabitants were performed. We categorized
subjects into six according to the present address and residential
history in the designated districts where compensation law of public
nuisance is applicable, and compared the symptoms and examined
signs.
Results
One thousand and forty-four residents were examined. The
admission of data collection was obtained from 974 subjects. There
was a family history of Minamata disease in half of the subjects,
but subjects who have ever examined for Minamata disease in the
past were only 112 (11%). People in were classified by the following
criteria. People who had lived in the designated place before 1968
were 807. They were subclassified into group A: Minamata-Ashikita
(232), group B: Amakusa-Yatsushiro (166), group C: Izumi-Akune
(238), and group D: who were living other places (171). People
who had not lived in the designated place were classified as group
E (108). People who were born in or moved into the designated
place after 1969 were classified as group F (59). Average age was
62.3+-11.8. The subjective symptoms were as follows: Muscle
cramps 898 (92%), numbness 896 (92%), stumbling 744 (76%), and
difficulty in circumferential vision 591 (61%). Positive neurological
signs by medical doctors were as follows: visual constriction 227
(23%), straight line gait instability 485 (50%), superficial sensory
disturbance in four limbs 775 (80%), systemic superficial sensory
disturbance 246 (25%).
Discussion
Symptoms and signs were characteristic for chronic methylmercury
poisoning and symptomatic patterns in each group were closely
resembled including group E and F. These residents are only a tip
of the iceberg, and health hazards by methylmercury are thought to
have been spreading chronically and spatially. Further examinations
are necessary even now.

MG14-O10
MINAMATA DISEASE SYMPTOMS AND SIGNS OF
METHYLMERCURY-CONTAMINATED ABORIGINAL
RESIDENTS IN ONTARIO, CANADA
1

TAKAOKA, Shigeru
(1) Minamata Kyoritsu Hospital, stakaoka@x.email.ne.jp
Purpose
In 1970, mercury contamination from a sodium hydroxide factory
was reported in Ontario, Canada, and patients having neurological
symptoms were discovered in aboriginal settlements. As same as
the Minamata disease cases in Japanese, patients with all or part of
Hunter-Russell syndrome have been reported in Canada. But all
researchers have not admitted the presence of Minamata disease in
Canada. So we did a health survey including neurological symptoms
and quantitating sensory measurements and tried to reevaluate the
effect by methylmercury in 2010.
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Method
In March, 2010, we performed a survey in Grassy-Narrows, Ontario,
Canada. We studied subjective symptoms, neurological findings,
quantitative sensory measurements including minimal tactile
sensation, vibration, position sense, two-point discrimination of 91
residents. Population in Grassy-Narrows settlements is about 800
at present. We classified 80 people who were older than 15 years
into two groups. (1) Group CY: 36 residents who were form 16 to
45 years old (M/F=18/18, 34.4+-9.5 years old). (2) Group CO: 44
residents who were from 46 to 76 years old (M/F=19/25, 57.5+-8.1).
We compared them to (3) Group JE: 88 methylmercury-exposed
people around Minamata district (M/F=38/50, 59.0+-7.5), and (4)
Group JC: 164 control residents in non-polluted areas in Japan (M/
F=67/97, 58.4+-11.6).
Results
In group CO, most subjective symptoms were as high as group JE
and were correlated. Subjective symptoms of group CY were located
in the intermediate between group CO and JC. Positive neurological
findings were highest in group JE and group CO, and CY were
followed. Positive neurological findings were correlated among
groups CY, CO, and JE. In quantitative sensory measurements, data
of group CO were as poor as group JE. In general, group CY was
located in the intermediate between group CO and JC.
Discussion
Nerulogical symptoms and signs observed in the residents in
Grassy-Narrows were the same as Japanese Minamata disease
patients, and most of them are supposed to have health effects by
methylmercury.

WS12-O4
TEMPORAL TRENDS IN MERCURY CONCENTRATIONS OF
LARGE-BODIED FISHES IN NORTHERN ONTARIO LAKES
1

1

2

TANG, Rex W-K , GUNN, John M , JOHNSTON, Thomas A
(1) Laurentian University, ry_tang@laurentian.ca (2) Ontario
Ministry of Natural Resources.

Elevated mercury concentrations are responsible for most fish
consumption advisories on lakes of northern Ontario, and
atmospheric deposition is believed to be the primary source
of inorganic mercury to these lakes. We predicted that recent
declines in atmospheric mercury deposition would be reflected in
declining fish mercury concentrations across northern Ontario.
Using historic fish mercury data from the Ontario Ministry of
Environment’s long-term monitoring database and current fish
mercury data from a new sampling program we examined changes
in mercury bioaccumulation in seven fish species (five piscivores,
two benthivores) in lakes from across northern Ontario following a
paired-comparisons approach. Mercury concentration vs body size
slopes did not change appreciably from historic to current sampling
periods. Mean predicted mercury concentrations (standardized to
a 1-kg fish) increased slightly over the last 30 years in all species.
However, this change was not statistically significant for any of the
study species and the nature of the temporal change exhibited no
systematic spatial variation across northern Ontario. Mean temporal
changes in mercury concentration were positively correlated
between species suggesting that the factors driving the change were
acting at the ecosystem rather than population level. The potential
for future changes in fish mercury concentrations in the boreal

WWW.MERCURY2011.ORG

shield region will be discussed in relation to changing atmospheric
mercury deposition and climate-mediated changes in methylation
rates and fish growth rates.

MG4A-P8
MEASUREMENTS BASED MODEL SIMULATIONS OF
MERCURY OXIDATION AT THE DEAD SEA, ISRAEL
1

TAS, Eran
(1)The Hebrew University, Safra Campus, Jerusalem, Israel , eran.
tas@mail.huji.ac.il
The occurrence of atmospheric mercury depletion events (AMDEs)
outside of the Polar Regions, in the warm temperatures of the
Dead Sea, Israel has been recently discovered; suggesting that
atmospheric mercury can readily be oxidized under temperature
conditions of the mid-latitudes and tropics. The efficient oxidation
of gaseous elemental mercury (GEM) at temperate conditions was
unexpected, considering that the thermal back dissociation reaction
of HgBr is more than 2.5 orders of magnitude higher under the
Dead Sea temperature, compared with the polar temperatures.
The present study aims to improve our understanding of Br-Hg
interaction, using numerical simulations based on a comprehensive
measurement campaign performed at the Dead Sea during summer
2009. The simulations results indicate that the reaction rate of GEM
with BrO is faster compared with most previous reported values,
and only about twice slower than the reaction rate of GEM with
Br. This point out that BrO is more efficient oxidant than Br in the
ozone reach atmosphere. This further explains why the efficiency of
GEM oxidation by reactive bromine species (RBS) at the Dead Sea,
is comparable to the efficiency in the Polar Regions, under much
higher temperatures. These findings support the hypothesis stated in
previous studies that Br-induced GEM depletion can be important
over oceans in the mid-latitudes and tropics. The present study
estimated that the oxidation rates for k{Hg+Br} and k{Hg+BrO}
3
-1 -1
3
-1 -1
are3.0E-13cm molecule s and 1.5E-13cm molecule s ,
respectively. The model results further indicate that HgO produced
by the reaction of Hg and BrO produces a solid product, suggesting
that, under the Dead Sea conditions, it may undergo condensation.

TS12-P6
RESPONSE OF METHYLMERCURY IN A BOREAL LAKE TO
A CLIMATE CHANGE SCENARIO: A LAKE’S HYDROLOGIC
DISCONNECTION FROM ITS WATERSHED
1

1

TATE, Michael , KRABBENHOFT, David P. , BLANCHFIELD,
2
2
2
Paul , PATERSON, Michael , BEATY, Ken
(1) US Geological Survey, mttate@usgs.gov (2) Fisheries and Oceans
Canada.
Climate change will likely have a significant impact on small boreal
lakes in the Canadian Shield. For the range of predicted responses
to climate change, very little is known about how methylmercury
(MeHg) and its bioavailability will be affected. Under one possible
scenario, changes in precipitation patterns may result in new
terrestrial-aquatic relationships where runoff amounts and water
quality are reduced, and lakes are disconnected from a large portion
of their watersheds. This cascade of events would then likely result
in proportional changes to carbon loads to aquatic ecosystems.
These two factors coupled with warmer air temperatures could
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lead to warmer water temperatures in the epilimnion and a deeper
thermocline. The watershed typically contributes a large proportion
of a lake’s mercury which is largely transported on dissolved organic
carbon (DOC). Dissolved organic carbon quantity and quality is
integral in the abundance, distribution and production of MeHg.
Increased water clarity in the epilimnion may result in photo demethylation/reduction to greater depths and thus enhance rates
of MeHg and Hg removal. At the Experimental Lakes Area (ELA)
a whole-ecosystem experiment is being conducted to simulate a
climate change scenario similar to the one described above. In the
fall of 2010, the inflow to Lake 626 was blocked with a dyke and the
water was diverted through a channel blasted through the bedrock
to Lake 625 further downstream, effectively making Lake 626 a first
order headwater lake with a watershed area of 69 hactares (ha). Prior
to the diversion, it was a fourth order lake with a watershed area of
372 ha.
During the open water season prior to diversion, lake profile
samples were taken three times at center buoy, the lake’s deepest
point. Summer profiles had the highest total Hg and DOC
concentrations at the surface and decreased with depth. The
summer of 2010 was the second wettest and was preceded by the
second lowest amount of spring runoff on record at ELA, resulted in
extremely high water levels in Lake 626. The higher concentrations
in the epilimnion in the summer 2010 could be the result of the
shoreline being inundated and tapping a new source of mercury.
Methylmercury concentration in the bottom 2 meters increased to a
maximum in the fall.

MG7-O2
WATERSHED RESPONSES TO CHANGES IN MERCURY
LOADING: RESULTS FROM THE TERRESTRIAL ASPECTS
OF THE METAALICUS PROJECT
1

1

1

TATE, Michael , SABIN, Thomas , DEWILD, John , ST. LOUIS,
2
2
3
Vince , GRAYDON, Jennifer , BRANFIREUN, Brian , HARRIS,
4
5
6
Reed , HEYES, Andrew , LINDBERG, Steve , SOUTHWORTH,
6
George
(1) U.S. Geological Survey, mttate@usgs.gov (2) University of Alberta;
(3) University of Western Ontario; (4) Reed Harris Environmental
Ltd.; (5) University of Maryland; (6) ORNL (retired).
The METAALICUS project is a whole-ecosystem experiment
specifically designed to quantify the magnitude and timing of the
watershed response to a change in mercury (Hg) loading. A decade
ago, when the US and many other countries began to consider
Hg-specific emission regulations, many doubted the effectiveness
of such actions since soils and sediments were already ubiquitously
contaminated, potentially fueling this contamination problem
indefinitely. To address this concern, a multi-national team of
scientists was formed to devise a whole-ecosystem, Hg-dosing study,
whereby Hg would be deliberately added to an entire watershed
– The Mercury Experiment to Assess Atmospheric Loadings in
Canada and the US (METAALICUS) project, conducted at the
Experimental Lakes Area (ELA), northwestern Ontario, Canada.
Whole-ecosystem manipulation studies have a distinct advantage
over small-scale (lab scale) studies, in that all the ecosystem
components, natural processes and complexities within watersheds
are accounted for.
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This paper focuses on the terrestrial (upland forest and wetland)
aspects of METAALICUS project. The lake, forests and wetland
were dosed with different stable Hg isotopes, which allows for
discrimination of the experimentally administered dose versus
ambient Hg brought to the watershed via atmospheric deposition .
Mercury additions to the terrestrial components of the watershed
were initiated in 2001 and continued through 2006, at a rate of
about 5x measured current atmospheric deposition. Since this time,
METAALICUS has become a mercury reduction experiment.
During the loading phase of the project, the majority of the
terrestrially applied Hg isotopes were distributed approximately
equally among three major compartments: soils, plants (tree canopy
and ground vegetation), and losses to emissions from soil and plant
surfaces. Much less (about 1%) isotope was measured in runoff
that flowed into the downstream lake. With each successive annual
dose the isotope pool in soils steadily increased, while the forest
canopy and emission fluxes pools had comparatively low carryover
from year to year. Within two years of loading cessation, isotope
concentrations in canopy and emission fluxes were negligible,
and about half of the total isotope load was found in soils. Isotope
concentrations in runoff gradually increased during the loading
phase, and continued to increase for 1-2 years after loading ceased,
suggesting significant translocation from compartments above
the forest floor. Three years subsequent to cessation, isotope
concentrations in soils have remained steady, and generally reflect
the Hg abundance of the overall soil pool. Models calibrated to these
results will be very useful for scenario testing to evaluate long-term
recovery of lakes with significant watershed Hg contributions.

MG7-P32
SEDIMENT MERCURY CONCENTRATIONS: A NATIONAL
LAKE SURVEY
1

TATE, Michael T.
(1) US Geological Survey, mttate@usgs.gov
During the summer of 2007, USEPA’s National Lakes Assessment
(NLA) project conducted a national-scale survey of the “health” of
lakes and reservoirs across the continental United States. A total of
1,070 lakes, representing six size classes and distributed relatively
uniformly across the lower 48 states, were included in the survey.
Although the NLA emphasized measures of lake health (nutrient
levels and water chemistry, biological parameters, habitat surveys,
and land use data), mercury (Hg) and methylmercury (MeHg)
content of surficial (0–2cm) sediment was also assessed through the
collection of intact cores from the middle of each lake. The scope of
this paper is to assess the spatial distribution of total Hg and MeHg
in lake sediments and their controlling mechanisms across the U.S.
Sediment total Hg concentrations show a distinct sub-regional
distribution, in which there are clusters of lakes with elevated
concentrations – although, scattered individual lakes with elevated
total Hg concentrations also exist. The primary controlling cofactor of total Hg concentration was determined to be the trophic
status (defined by chlorophyll a concentration) and, to a lesser,
degree proximity to known point (mining) sources (i.e., Lahonton
Reservoir, NV and Coure d’Alene, ID). There was no obvious
relation to differences in atmospheric Hg deposition patterns that
are published annually by the Mercury Deposition Network (MDN).
Spatial analysis shows lakes with the highest total Hg concentration
are predominately oligotrophic and are located in New England,
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northern Florida, northern Wisconsin and Minnesota, and the
Olympic Peninsula in Washington. Overall, lakes in the Mississippi
River basin exhibit generally lower total Hg concentration, which is
again related to the higher trophic status of lakes in this region.
The spatial distribution of MeHg concentrations is very complex,
exhibiting very little regional structure or obvious spatial trends.
Also, MeHg concentration shows little correspondence to the total
Hg concentration. A linear correlation analysis (r2=0.27) reveals
total Hg is a poor driver of MeHg in lake sediments, suggesting total
Hg in sediment is not an important driver. Lake-quality factors do
influence the MeHg/total Hg ratio, which has been shown to be a
good indicator of net methylation activity. Specifically, the greatest
MeHg/total Hg ratios are associated with the more highly eutrophic
conditions. MeHg/total Hg ratios in sediment show peaks at 1 mg/L
and 10 mg/L for total Nitrogen and Sulfate in water, respectively.

associated with the Autonomic Stability cluster of the NBAS, but
the significant correlation disappeared when entering birth weight.
No significant correlation was seen between any NBAS cluster
and DHA in maternal blood. In conclusion, perinatal exposure to
MeHg adversely affects the Regulation of State. A positive effect
of Se on the Autonomic Stability was suggested, though such
neurobehavioral function, assessed by the NBAS, appears to be
associated with confounders like birth weight.

MG6-P10
ASSESSMENT OF HG DISTRIBUTION IN THE
ENVIRONMENT AROUND A CU SMELTER (KARABASH,
RUSSIA)
1

TATSY, Yury
(1) Vernadsky Institute of Geochemistry and Analytical Chemistry,
tatsy@geokhi.ru

MG14-O7
THE ASSOCIATION OF PRENATAL EXPOSURE TO
METHYLMERCURY WITH INFANT DEVELOPMENT IN
TOHOKU STUDY OF CHILD DEVELOPMENT
1

1

2

TATSUTA, Nozomi , NAKAI, Kunihiko , MURATA, Katsuyuki ,
1
I
SHIMADA, Miyuki , YAGINUMA-SAKURA , Kozue1, SUZUKI,
3
1
1
Keita , KUROKAWA, Naoyuki , HOSOKAWA, Toru , SATOH,
1
Hiroshi
(1) Tohoku University, tatsuta@ehs.med.tohoku.ac.jp (2) Akita
University; (3) Kochi University.
It is known that perinatal exposure to methylmercury (MeHg)
affects child neurodevelopment adversely. MeHg accumulates in
humans mostly through consumption of fish and shellfish. From the
nutritional point of view, fish is beneficial for pregnant women and
unborn babies because it is rich in nutrients such as polyunsaturated
fatty acids (PUFA), especially docosahexaenoic acid (DHA) and
selenium (Se). Several cohort studies reported that maternal fish
intake was associated with higher scores in neurodevelopmental
tests, though there has been disagreement concerning the adverse
effect of prenatal exposure to MeHg on child neurodevelopment.
Therefore, these health hazard issues are particularly important
in fish-eating populations. We have conducted Tohoku Study
of Child Development (TSCD), focusing on both the potential
risks and benefits of fish intake during pregnancy. The research
is being conducted of two areas, an urban area and a coastal area,
in the northeastern area of Japan. In the urban area, prenatal
exposure to MeHg was found to adversely affect the motor cluster
of the Neonatal Behavioral Assessment Scale (NBAS) that was
assessed at three days after birth. In contrast, maternal seafood
intake appears to be beneficial. In this study, we examined the
associations of neurodevelopment of neonates registered in the
coastal area with the cord blood total mercury (THg), maternal
plasma DHA and cord plasma Se. The NBAS was used to assess
the neurodevelopment in 657 neonates three days after birth whose
confounders were completely available. The associations of THg,
DHA and Se with the NBAS were examined by multivariate analyses
with adjustment for confounders. The median THg level was 15.7
ng/g (2.7-96.1) in cord blood. The median levels were 169.7μg/ml
(56.1-464.7) for DHA in maternal plasma, and 66.3 ng/g (42.5103.3) for Se in cord plasma. A negative relation was found between
THg in cord blood and the Regulation of State cluster of the
NBAS, even after adjusting for possible confounders such as birth
weight, birth order and gender. Se in cord blood was positively
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High levels of uncontrolled releases of mining and metallurgical
industry have a disastrous impact on the environment. Karabash is
a copper smelting town in the southern Ural Mountains of Russia.
For many decades of the use of old technologies of raw material
processing, the Karabash copper smelter has released over the
city and surrounding area more than 12 million tons of harmful
substances and accumulated more than 30 million tons of industrial
waste dumps and tailings more. In 1996 the city of Karabash was
officially recognized as environmental disaster zone in Russia.
Harmful substances are discharged directly into the water from
smelter wastе and tails and to the atmosphere from smelter stacks.
In a detailed survey of contaminated areas in previous years a large
amount of data on heavy metals (Cu, Pb, Cd, Zn) were obtained.
Unfortunately in these works there is only little data on mercury,
although it is constantly presents in the raw materials (ores and
concentrates) as well as in industrial emissions. The objective of
this study was to investigate Hg accumulation in the aquatic and
terrestrial environment of Karabash due to the contamination from
Cu smelting.

RG1-P2
MERCURY SPECIATION BY THERMODESORPTION
ANALYSIS - STATE OF THE ART
1

TATSY, Yury G.
(1) Vernadsky Institute of Geochemistry and Analytical Chemistry,
tatsy@geokhi.ru
Increased interest in the processes of transformation of mercury
in the environment has led to a gradual shift from the routine
determination of total mercury to speciation of this metal.
Thermodesorption technique is well known as a qualitative method
for determination the mercury species in solid environmental
samples - soil, sediments, rocks, etc. For the first time this method
has been applied in the beginning 60’s to study the regularities of
formation of halos around mercury deposits. Currently it is used
for geochemical prospecting, study of contaminated areas, research
on the transformation of mercury and its compounds in the
environment, study the thermochemical properties of compounds.
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Based on published and original data, as well as physical and
chemical properties of mercury and its compounds, the attempt was
made to interpret the thermodesorption curves obtained for samples
of different nature and origin. The correctness of the interpretation
of the thermospectra for real samples by comparison with the
thermodesorption curves for pure compounds and minerals
is discussed. The factors affecting the shape and characteristic
parameters (time of appearance and end, temperature of the
maximum) of the desorption peaks: heating mode (continuous vs.
stepwise) and heating rate, type of carrier gas, grain-size, sample
preparation (abrasion and sieving) and storage. The possibility of
the quantitative assessment of various mercury species according to
their thermospektra peaks is discussed also.

TG3-P19
EVALUATION OF NATURAL AND ANTHROPOGENIC
POLLUTION SOURCES OF MERCURY IN NORTH WEST OF
IRAN IN A GIS FRAMEWORK
1

1

TAVAKOLI MOHAMMAD , Mohammad Reza , MARZBAN,
1
1
Mehdi , AHMADI, Mohammad
(1) Tarbiat Modares University, Tehran, Iran,
mr.tavakolimohammadi@modares.ac.ir
Environmental protection against various pollutants, such as heavy
metals formed by industries, mines and modern technologies, is a
concern for researchers and industry. Mercury is among the most
important of such pollutants due to high toxicity, disrupting soil
ecosystem and high probability of contaminating groundwater
resources. In this study, present situation and environmental effects
of this metal in the provinces of East and West Azerbaijan and
Ardebil in north west of Iran have been assessed in Geographic
Information Systems (GIS) environment. The results showed that
the downstream river of the Pouya-Zarkan plant in Takab and
waste water from Sadr leather manufacturing company and Tabriz
oil refinery are mercury-contaminated areas in East and West
Azerbaijan provinces, however, no mercury-contaminated site has
been reported in Ardebil Province yet.

TG7-O16
THE ROLE OF HG SPECIATION IN POREWATERS FOR
ASSESSING CONTAMINATION FROM A POINT SOURCE.
1

1

1

TAYLOR, Vivien , JACKSON, Brian , CHEN, Celia , BUGGE,
1
Deenie
(1) Dartmouth College, vivien.f.taylor@dartmouth.edu
Porewaters are considered an important biogeochemical
compartment for assessing metal contamination and are used to
predict the bioavailable and mobile fractions of contaminants in
sediment. Yet, concentrations of mercury species in porewaters can
be difficult to relate to MeHg concentrations in other environmental
compartments, in part because porewaters are generally considered
as a single “dissolved” fraction, which ignores the role of colloidal
and organic ligand binding on geochemical behavior. In this
study of Hg contamination downstream from a point source of
contamination, size fractionation of Hg in porewaters was examined
by three different techniques: flow-field flow fractionation, size
exclusion chromatography, and ultracentrifugation, all coupled with
isotope dilution ICP-MS, to interpret the behavior of Hg from a
contaminated site.
WWW.MERCURY2011.ORG

Sediment, porewater, surface water, and biotic samples were
collected from the Berlin Superfund site, in northeastern New
Hampshire, USA. This site is a former chlor-alkali facility on
the banks of the Androscoggin River, where liquid Hg has been
observed seeping from rock fractures along the river bank. Samples
from five dam reservoirs, within 12 miles downstream of the site,
as well as an upstream site were collected in the summer of 2010.
Reservoirs were chosen as they act as both deposition zones for
contaminated sediment, as well as good environments for Hg
methylation.
Concentrations of Hg in sediment, porewater, surface water, and
pelagic fish were all elevated downstream of the former chlor-alkali
facility. Partitioning of MeHg and THg from porewater to sediment
was correlated to the organic matter content of the sediment. A
weak correlation was observed between MeHg in porewater and in
suspended particulates in surface water, whereas no relationship
was evident with filtered surface water. Conversely, a strong
correlation was observed between porewater THg and overlying
water. Size fractionation of the porewaters by three techniques
showed inorganic Hg to be predominantly colloid-bound, whereas
MeHg was distributed between the colloidal and small (<3kDa)
organic particles. Separation of “dissolved” MeHg into a smaller
size compartment is suggested to give a more useful parameter for
assessing mobility and availability.

TS5-O8
MERCURY POLICY IN THE GREAT LAKES BASIN: PAST
SUCCESSES AND FUTURE OPPORTUNITIES
1

2

TAYLOR MORGAN, Joy K. , CAIN, Alexis , BROOKS, Ned
(1) MDEQ, taylorj1@michigan.gov (2) U.S. EPA; (3) MPCA.

3

While mercury releases within the Great Lakes states have declined
significantly, concentrations of mercury in fish still cause concern
for human and ecosystem health in the Great Lakes Basin. This
paper assesses the priority that mercury reduction ought to have in
relation to some other environmental concerns, and explores the
relative cost and benefits of mercury reduction policies, focusing
on the United States side of the Basin. It also makes the case that
because of long-range atmospheric transport, mercury pollution
presents a “free-rider” problem for states. Despite nominal
expectations for direct immediate environmental improvement,
policy-makers in the Great Lakes states have chosen to lead on
mercury (Hg) reduction, through: providing an example for others
to follow; using cross-jurisdiction cooperation to leverage the
benefits of leadership on Hg reduction and control; and, promoting
voluntary actions. Recommendations for future opportunities
include: focusing reduction efforts on the total mass of emissions
rather than solely focusing on reduction of local deposition; utilizing
all tools available in the Clean Air and Water Acts and coordinating
mercury reduction policies in conjunction with climate change
policies.
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TS17-O1
WORLD ESTIMATE OF MERCURY USE IN ARTISANAL
AND SMALL SCALE GOLD MINING FOR 2010
1

TELMER, Kevin
(1) Artisanal Gold Council / UVic, ktelmer@artisanalgold.org
Mercury releases from artisanal and small scale gold mining
(ASGM) are estimated based on available data about mercury
and gold exports and imports by country and from field reports
from the countries known to have active ASGM communities.
The quality of the estimates ranges from reasonable to poor across
the countries. The estimate and its evolution are recorded on the
www.mercurywatch.org web portal. In 2010 artisanal and small
scale gold mining released between 840 to 1550 tonnes of mercury
per annum into the environment, averaging 1200 tonnes/a,
from at least 70 countries. 480 tonnes/a of this are emitted to the
atmosphere while the remainder (720 tonnes/a) are released into the
hydrosphere (rivers, lakes, soils, tailings). A significant but unknown
portion of the amount released into the hydrosphere is later emitted
to the atmosphere when it volatilizes (latent emissions). The rate of
latent emission is unknown but is particularly high where mercury
is used in combination with cyanide processing – a growing
trend. Relative to 2008, ASGM is growing and the production of
mercury contaminated waste from ASGM is growing (multi-year
accumulation of tailings). However, practical options for reducing
mercury use in ASGM and the number of programs and events to
raise awareness of them are also growing, and the price of mercury
tripled in 2010. These developments, many of which are due to the
efforts of UN bodies such as UNEP and UNIDO, should soon lead
to reductions in mercury use in gold mining.

WS1-O6

day. A complete setup for the measurements of RGM, TPM and
GEM was installed at Waldhof station in 2008. A second analyser to
determine TGM in ambient air have been in operation since 2002.
An annual time series for the four Hg species was achieved for 2009,
including ancillary data like particulate matter, NOx, Ozone and
meteorological parameter. Furthermore a continuous set of QA/QC
data and maintenance intervals was recorded and will be presented.
A pre-period of more than 6 month was used to prepare a standard
operation procedure and to answer the question if the system was fit
for purpose at low level background concentrations?
Within this scope the complete measurement procedure, including
a 3 hours sampling interval, the amount of desorption and clean
cycles, the QA/QC cylces for zero checks and functional test and the
frequent exchange of glassware was evaluated to be suitable for the
application at background levels at Waldhof station. We will present
quality control data and ambient air concentrations, showing that
the measurement procedure turned out to be a good compromise
-3
to detect RGM and TPM levels in the range of 0.4 to 21 pg m .We
will also show that daily and seasonal variability at different sites
for RGM and TPM can be extremely high, making it difficult to
choose the best sampling and desorption intervals for the individual
application. However, a sensitive and precise method with high time
resolution is needed, in order to measure atmospheric processes
and/or use the automated method for long-term monitoring. We
will discuss a maintenance procedures and service intervals which
can be the key to achieve this goal.

WS1-O7
AN INTEGRATED APPROACH TO ASSES ELEVATED
MERCURY WET DEPOSITION AND CONCENTRATIONS IN
THE SOUTH EASTERN UNITED STATES
1

DEVELOPMENT OF A STANDARD OPERATING
PROCEDURE FOR THE DETERMINATION OF
ATMOSPHERIC MERCURY SPECIES MEASURED AT
BACKGROUND SITES
1

2

3

TEMME, Christian , EBINGHAUS, Ralf , BIEBER, Elke , KOCK,
2
Hans
(1) Eurofins GfA GmbH, christiantemme@eurofins.de (2) HelmholtzZentrum Geesthacht; (3) Federal German Environmental Agency.
Standard Operating Procedures (SOPs) and QA/QC protocols for
monitoring ambient air concentrations of the operationally defined
mercury fractions TGM, RGM, TPM and GEM, and mercury
concentrations in precipitation are needed in order to assure a
full comparability of site specific observational datasets with that
obtained inside and outside the above mentioned networks. SOPs
and QA/QC protocols should be in accordance with measurement
practice adopted in existing networks and based on the most recent
literature. Therefore, mercury species measurements were carried
out at the German EMEP station and background measurement
site of the German Federal Environmental Agency “Waldhof ”
from January to December 2009 and have been extended to this
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TER SCHURE, Arnout , CAFFREY, Jane , GUSTIN, Mae ,
4
5
6
HOLMES, Chris , HYNES, Anthony , LANDING, Bill , LANDIS,
7
8
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Matthew , LAUDEL, Dennis , LEVIN, Leonard , NAIR,
9
10
7
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Udaysankar , JANSEN, John , RYAN, Jeff , WALTERS, Justin ,
12
13
14
SCHAUER, James , VOLKAMER, Rainer , WATERS, Dwain ,
15
WEISS, Peter
(1) EPRI, aterschu@epri.com (2) University of West Florida; (3)
University of Nevada, Reno; (4) University of California, Irvine; (5)
RSMAS/MAC, University of Miami; (6) Florida State University;
(7) United States Environmental Protection Agency; (8) Energy &
Environmental Research Center (EERC) University of North Dakota
; (9) University of Huntsville Alabama; (10) Southern Company
Services, Inc.; (11) Southern Company Service, Inc.; (12) University of
Wisconsin, Madison; (13) University of Colorado, Boulder; (14) Gulf
Power; (15) University of California, Santa Cruz.
Annual mercury (Hg) deposition and concentration isopleths maps
from the Mercury Deposition Network (MDN) for the United States
(U.S.) continue to show a south-to-north gradient. From a sourcereceptor point-of-view this seems counterintuitive as the largest
anthropogenic sources; coal-fired power plants (CFPPs) are located
primarily east of the Mississippi river, whereas natural sources
are more widely distributed. Hence, factors other than proximity
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to sources must be considered to explain this consistent pattern.
Questions of importance to this issue are: A) How much do U.S.
based CFFPs contribute to this pattern? B) how much do local vs.
non-local sources contribute? C) How much do natural sources and
processes contribute?
EPRI is undertaking an integrated study to answer these questions
that will increase understanding of the elevated Hg deposition in the
southern U.S. Focal points of this study are:
1)
2)
3)

4)
5)

6)

7)

8)

assessing reduction of divalent Hg to elemental Hg in CFPP
plumes both in the field and in the laboratory
assessing the importance of atmospheric halogens on observed
divalent Hg concentrations
measuring Hg and trace metals in event-based deposition
around a CFPP to establish near-field source receptor
relationships
measuring Hg isotopes in wet deposition and associated with
atmospheric aerosols to determine source types
modeling the importance of thunderstorm activity and
morphology on observed MDN concentrations and the
measured Hg levels around the CFPP
sampling of Hg dry deposition to establish the dry deposition
component to total deposition and potential source-receptor
relationships
determining the chemical speciation of divalent Hg in a CFPP
plume as well as the atmosphere; crucial to Hg’s atmospheric
chemical reactions, fate and transport
measurement of speciated atmospheric Hg along with
meteorological parameters, other gases, and particles to
characterize temporal behavior, atmospheric processes, and
sourcesThis presentation will bring together the detailed
research results provided elsewhere into an integrative
interpretation of the mercury findings in the U.S. Gulf of
Mexico region.

TS17-O3
ARTISANAL AND SMALL-SCALE GOLD MINES IN
ANDEAN REGION OF BOLIVIA ARE HOT SPOTS FOR
MERCURY IN SOILS AND PLANTS
1

1

2

3

TERÁN-MITA, T.A. , FAZ, A. , SALVADOR, F. , AROCENA, J.M.
(1) Technical University of Cartagena, tania.teran@upct.es (2)
University of Alicante; (3) University of Northern British Columbia.

Mercury releases from the incineration of amalgam in artisanal
and small-scale gold mines (ASGM) pose serious environmental
problems in Bolivia. In the National Area of Apolobamba Integrated
Management (ANMIN Apolobamba), located in the Andean
region of La Paz province, there are many high elevation artisanal
and small-scale gold mines (ASGM) in where intense mining
activities are carry out, and the mercury is still being used in the
amalgamation processes that involv the use of incineration facilities
to vaporize Hg to separate Au from the amalgam. Facilities at
these incinerators (or burning areas) range from crude open flame
burners in the yard or inside the house of individual miners to
common small places for use by group (or cooperative) of miners.
The vaporized Hg is known to condense and settle on plant leaves,
soils and water bodies and impact on the the main food sources meats from llama, alpaca and sheep. Our objetive is evaluate the
anomalously high Hg contents in soils and native plants around
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the incineration areas. We collected surface soil and plant samples
and total Hg were determinated. Mean contents of Hg in soils were
-1
between 0.5 and 48.6 mg Hg kg soil and were at least 5 to 60 times
more compared to Hg in control sites and exceeded the soil Hg
threshold levels in some European countries. Also our data revealed
-1
that Hg in all plant samples have > 0.1 mg Hg kg plant limit for any
desirable animal feed established by the European Community. The
high level of plant Hg may elevate the risk to the accumulation of Hg
into the food chain because the camelids that are entirely dependent
on limited forage with high Hg are the major providers of meat the main food source for the miners in these high altitude areas. In
addition, erosion of soils with high total Hg from many ASGM point
sources is significant potential Hg contributor to the contamination
of the lower reaches of the Amazon basin. In this overall context,
the first actions could be trying to organize and manage its practice,
offering cleaner technical alternatives and making local people
aware of mining contamination and its risks.

MS20-P12
MERCURY FROM PHILONIAN AND ALLUVIAL MINING:
CASE OF THE SMALL-SCALE GOLD MINES IN ANMINAPOLOBAMBA (BOLIVIA)
1

1

2

TERÁN-MITA, T.A. , FAZ, A. , AROCENA, J.M.
(1) Technical University of Cartagena, tania.teran@upct.es (2)
University of Northern British Columbia.
In Bolivia, metal mining activities since historical times have been
one of the most important sources of environmental pollution. In
the National Area of Apolobamba Integrated Management (ANMIN
of Apolobamba) in La Paz province, there are many high artisanal
and small-scale gold mines (ASGM). Virgen del Rosario and Rayo
Rojo are representatives philonian mining cooperatives in where
mining activity is mainly gold extraction, its water effluents go to
the Amazonian basin. In this mining district the productivity of
metal extraction is very low but the processes can result highly
polluting due to the high amount of mercury used. Suches mining
cooperative belongs to alluvial mining in where the gold is exploited
of fluvioglaciar alluvial valley and its water fluxes go to the Titicaca
Lake through the Suches River; in this case the use of mercury
is only limited to the amalgamation of fine gold. The aim of this
work was to evaluate the mercury pollution caused by gold mining
activities comparing two types of gold extractions. In each mining
cooperative two representative zones were distinguished and
sampled. Zone near the mining operation site was considered as
affected by mineral extraction processes, while far away zones could
be the non affected areas. In each zone, 3 plots were established; in
each plot, 3 soil sampling points were selected in a random manner
and analysed separately. In each sampling point, two samples
were taken, one at the surface (0–5 cm), and the other between
5 and 15 cm. In addition, surface soils from mercury burn areas
were also taken. Total and DTPA mercury were determined. In
the philonian mining cooperatives stands out the high mercury
-1
values in soils of zone near the mining activities (2.1 mg kg , 1.2
-1
-1
mg kg , 1.9 mg kg ); however, the most polluted soils are mercury
burn areas with high levels of mercury (between 0.5 and 106.9
-1
mg Hg kg ). In Suches, the Hg results in the near and far zones to
mining operations are similar, in both cases the results are below
-1
1.0 mg kg . Due to its high toxicity, the contamination by mercury
creates the most critical environmental problems. This metal could
be incorporated in the trophic chain, through the flora and the
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fauna, in their bio-available forms. Inhabitants of this area consume
foodcrops, fish from lakes and rivers and use the waters for the
livestock, and irrigation.

MG6-P13
ENVIRONMENTAL INFLUENCES OF ANCIENT MERCURY
SMALL-SCALE ORE ROASTING SITE PŠENK (IDRIJA
AREA, SLOVENIA)
1

1

2

TERŠIČ, Tamara , GOSAR, Mateja , BIESTER, Harald
(1) Geological Survey of Slovenia, tamara.tersic@geo-zs.si (2) Institute
of Environmental Geology, Technical University of Braunschweig.
th

In the initial period of mining activities in Idrija basin (16 and the
th
first half of 17 century), mercury ore processing was performed at
various roasting sites in the forests surrounding Idrija, by roasting
ore in earthen vessels. The recovery rate of this method was very
low; about half of the mercury was lost causing highly elevated
mercury concentrations in soils surrounding these sites. Pšenk
is one out of 21 localities of ancient roasting sites in the woods
surrounding Idrija and one of the largest localities of roasting vessels
fragments.
Detailed soil sampling was performed on a 210 x 180 m area to
establish the extension of mercury pollution and to investigate
mercury species transformation and mobility through the past
400 years. Soil (0–15 cm and 15–30 cm) and humus samples (153)
were collected from 73 sampling points and three soil profiles were
taken to determine the vertical distribution of Hg in the soils. The
main mercury phases were determined using a mercury-thermodesorption technique. The determined Hg concentrations in soil
samples of the investigated area vary from 5.5 to almost 9,000 mg/
kg with a median of 200 mg/kg. In humus, Hg concentrations
are ranging from 1.4 to 4,200 mg/kg with a median of 20 mg/
kg. Extremely high Hg concentrations were found in soil profiles,
where Hg concentrations reach up to 37,000 mg/kg. In general, Hg
concentrations in all three profiles show a gradual decrease with
depth. The results of Hg thermo-desorption analysis in soil samples
show the occurrence of cinnabar and Hg bound to soil matrix
components; cinnabar and non-cinnabar Hg compounds are almost
equally distributed in most of the samples. The high amounts of
cinnabar are probably due to the incomplete roasting and large
quantities of deposited pottery fragments. Regarding extremely high
total Hg concentrations, large amounts of potentially transformable
non-cinnabar Hg compounds exist at the area of studied roasting
site. In contrast to the immobile cinnabar, matrix bound Hg
might be an important source of mobile and transformable Hg
compounds, which are potentially bioavailable. The mobility of
mercury deposited on soils controls the concentration and toxicity
of Hg within soils and nearby water bodies.

MG7-O14
MERCURY DISTRIBUTION AND FATE IN
MEDITERRANEAN COASTAL AREA SEDIMENTS: THE
TOULON BAY (FRANCE), A CASE STUDY.
1

TESSIER, Erwan
(1) Laboratoire PROTEE - Université du Sud Toulon Var, tessier@
univ-tln.fr
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The Toulon Bay is a semi-closed area (North-western
Mediterranean), which receives various anthropogenic inputs from
harbors (marina, navy) and industrial activities. It is divided in
two parts: the inner (“small bay”) and the outer bay (“large bay”).
Hydrodynamic in the “small bay” leads to long water residence time,
increasing the risk of sediment and/or water column contamination
by remobilization processes. The objectives of this study were to
establish Hg contamination in sediment, and understand the main
mechanisms of Hg remobilization to the water column.
Surface sediments (0-5cm) were sampled in the entire Bay to map
the contamination state and its dispersion. Results have shown a
large contamination, especially for the most enclosed parts of the
small bay, with Hg concentrations up to 40μg/g. MMHg levels were
significantly correlated to Hg, consisting less than 1% of the total
Hg.
High resolution interface cores (2cm slices, under nitrogen) were
analyzed to study Hg/MMHg profiles in sediments, in relation to
geochronology of the settling material and diagenesis processes.
Hg profiles showed a marked pollution event at a depth (~11cm)
nd
corresponding to the period of the 2 World War. In addition to the
correlation with Hg profiles, the MMHg profiles presented a surface
maximum.
The most probable modes of Hg dispersion within the bay are: (1)
transport of Hg contaminated particles through the whole bay due
to sediment resuspension events (storm, boat traffic, dredging), (2)
Hg remobilisation to the water column during these events, and
(3) Hg diffusive fluxes at the water/sediment interface. The first
mode is attested by Hg surface cartography and hydrodynamic of
the bay. Additional experiments were carried out to investigate
the two others. Batch remobilization experiments were carried
out by mixing fresh sediment (from contrasted areas, 0-2 cm top
slice) with ambient seawater under oxic conditions (1g/L of dry
sediment). Time variations (15min to 100h) of dissolved Hg/MMHg
concentrations were measured and displayed only a weak Hg
mobilisation from solid. In the same contrasted areas, the dynamic
of MMHg at the benthic interfaces was studied using Peepers. The
MMHg distributions in interstitial waters showed a broad maximum
at the top of the anoxic sediments, suggesting an “usual” in situ Hg
methylation.

RG15-O11
MERCURY BIOMAGNIFICATION THROUGH A SUBTROPICAL MARINE FOOD WEB
1

1

THERA, Jennifer C. , RUMBOLD, Darren G.
(1) Florida Gulf Coast University, jcthera@eagle.fgcu.edu
Total mercury and nitrogen stable isotopes (δ15N), as an indicator
of trophic level, were measured in 320 tissue samples from 57
species of invertebrate (17 species) and finfish (40 species) collected
from the coastal waters off Southwest Florida. Additionally,
methylmercury was determined in representative samples of
invertebrates. Average Hg concentrations for species ranged
from 0.004 mg/kg in a sample from an unidentified species of
brittlestar (Ophiuroidea) to 2.839 ± 1.39 mg/kg in king mackerel
(Scomberomorus cavalla). In general, fish were more enriched in
δ15N (‰) than invertebrates; exceptions to this general pattern
included an unidentified species of isopod (Isopoda), the calico crab
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(Hepatus epheliticus) and stone crab (Menippe spp.) that had higher
δ15N than several species of small fish. The log 10 transformed
average Hg concentration in the various species was positively
correlated with δ15N (p<0.001, r2 = 0.66) and had a slope of 0.21.
When the δ15N of the calico scallop (Argopecten gibbus), as a
primary consumer, was used to convert δ15N to trophic level (TL),
they ranged from 1.5 for conch (Strombus alatus) to 4.15 for both
spanish mackerel (Scomberomorus maculatus) and crevalle jack
(Caranx hippos). A food web magnification factor (FWMF) of 5.05
was calculated from the relationship between log 10 transformed
average Hg concentration and TL. This FWMF for mercury transfer
through this sub-tropical marine system will be compared to
published values from other areas and habitats.

MG7-P29
ANTAGONISTIC EFFECT OF SELENIUM ON MERCURY
TOXICITY IN BENTHIC AND PELAGIC ORGANISMS IN A
SELENIUM ENRICHED LAKE IN THE UPPER PENINSULA
OF MICHIGAN, USA
1

2

2

THOMPSON, Charles , DEWILD, John , KRABBENHOFT, David ,
3
3
KNAUER, Doug , PELKOLA, George
(1) US Geological Survey, cdthomps@usgs.gov (2) U.S. Geological
Survey, Reston, VA ; (3) Michigan Department of Natural Resources
and Environment.
Dating back to dosing studies in the 1980s, it has long been known
that selenium (Se) has an antagonistic effect on methylmercury
(MeHg) bioaccumulation in aquatic organisms, and more recently
there is evidence to suggest that the co-occurrence of Se and
mercury (Hg) within biological systems may have an amelioratory
effect on the toxicity of both elements. Therefore, while our scientific
understanding of Hg-Se interactions has increased substantially over
the past twenty years, there remains a significant understanding gap
on the effects of Se on biogeochemical cycling and bioaccumulation
of Hg and MeHg in aquatic food webs. With that in mind, the U.S.
Geological Survey (USGS) initiated a study on a Se-enriched lake
(Goose Lake) in the Upper Peninsula of Michigan to further our
understanding of the antagonistic effects of Se on Hg and MeHg
bioaccumulation in aquatic food webs.
For this project we collected benthic invertebrates, algae and prey
fish (Walleye and Northern Pike) from two nearby lakes (Goose
Lake and Deer Lake) in the Upper Peninsula of Michigan. Sediment
Hg and MeHg levels in the two lakes are similar, although Se
levels in Goose Lake are about 12 times greater than Deer Lake
(30 vs. 2.5 μg/g, dry wt). Prey fish mercury levels in Deer Lake
are correspondingly about 30 times greater (4100 vs. 130 μg/g),
supporting the originally proposed antagonistic effect of Se on Hg
bioaccumulation. As noted above, MeHg levels in sediment are
similar in the two lakes, suggesting that a sediment-water transfer
of MeHg to pelagic fish may be occurring. Results from the benthic
invertebrates show that Se enrichment also has an inhibitory effect
on MeHg bioaccumulation in these organisms. Results from sites
with background levels of Se compared to sites near Goose Lake
with enriched Se in sediment show a 2.0-3.4 μg/g difference in
MeHg content – notably lower than the difference observed for
pelagic fish. In addition, benthic invertebrate MeHg/Hg ratios at Se
contaminated sites are significantly lower than background sites,
likely resulting from the inhibitory effect of Se on MeHg production.
Overall, data from this project suggests a negative relationship
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between MeHg, total Hg, and the MeHg/Hg ratio and selenium
abundance near Goose Lake, Michigan. This relationship holds
for both benthic and pelagic portions of the aquatic food web, and
it appears a more pronounced difference is exhibited for pelagic
organisms.

TG5-P17
CHANGES IN MERCURY SPECIATION IN ACTIVATED
CARBON AMENDED SEDIMENT PORE WATER
1

2

THOMPSON, Jay M , LUTHY, Richard G.
(1) Stanford University, jayt@stanford.edu (2) Stanford Univ.
The effect of activated carbon (AC) on mercury and polycyclic
aromatic hydrocarbon (PAH) bioavailability in contaminated
sediments was tested. In addition to the expected reductions in
PAH availability (not discussed here) addition of 5% activated
carbon (by dry weight) reduced total mercury in the pore water
phase by 75% in laboratory testing. This work is ongoing. Uptake
testing on the marine worm Neanthes arenaceodentata is currently
underway to assess the effectiveness of activated carbon in reducing
mercury uptake to a sediment ingesting organism.
We hypothesize that the sorption of mercury to the activated
carbon phase is due to the sorption of dissolved organic matter
(DOM) mercury complexes. To test this hypothesis, we are
currently conducting fractionalization procedures based on complex
molecular weight, hydrophobicity, and effective diffusion coefficient
on pore water from both AC amended and unamended sediment.
The identification of the species that are sorbed to the AC phase is
critical to understanding the mechanism of the observed reductions
in pore water Hg and the eventual creation of models to predict the
effectiveness of AC amendment.

TG7-O13
NET FORMATION OF METHYL MERCURY IN RELATION
TO NUTRIENT STATUS OF BOREAL WETLANDS
1

2

3

TJERNGREN, Ida , KARLSSON, Torbjörn , MEILI, Markus ,
2
1
BJÖRN, Erik , SKYLLBERG, Ulf
(1) Swedish University of Agricultural Sciences, ida.tjerngren@slu.se
(2) Umeå University; (3) Stockholm University.
Net production of methyl mercury in eight boreal wetlands from
Sweden was measured by means of; 1) input-output mass balances,
2) experimentally determined methylation (km) and MeHg
demethylation (kd) rate constants, and 3) measurements of %MeHg
in soil. Based on the nutrient status, as characterized by type of
vegetation, pH, C/N ratio and C quality, wetlands were divided into
three groups; I) three northern nutrient poor fens, II) a southern
nutrient gradient ranging from an ombrotrophic bog to a fen with
intermediate nutrient status, and III) nutrient rich southern sites
including two mesotrophic wetlands and one alder (Alnus glutinosa)
forest swamp. In general, trends in km/kd ratios followed soil %MeHg
and was lowest at the most nutritious sites (southern mesotrophic
wetlands), intermediate at the northern nutrient poor fens and the
southern ombrotrophic bog, and highest at the southern fen site
with intermediate nutrient status. Input-output budgets during
three years (2007-2009) followed the same pattern with highest net
production and export of MeHg from the fen site with intermediate
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nutrient status. The alder swamp, showing both high km and kd,
resulting in an intermediate km/kd ratio and %MeHg, was a sink for
MeHg all three years. We conclude that even if most boreal wetlands
are sources of MeHg, the net production of MeHg varies depending
on the type and nutrient status. Downstream located alder swamps
may even act as sinks of MeHg on a landscape level, counteracting
upstream net methylation. Results from this study have implications
for the policy of wetland restoration.

TS16-P27
PATHWAYS FOR TRANSPORT AND ACCUMULATION
OF MERCURY SPECIES IN ZOOPLANKTON OF A
CONTAMINATED LAKE
1

1

TODOROVA, Svetoslava , DRISCOLL, Charles , MATTHEWS,
2
David , EFFELER, STEPHEN
(1) Syracuse University, stodorov@maxwell.syr.edu (2) Upstate
Freshwater Institute.
Zooplankton are an essential link between the upper and the lower
trophic positions in aquatic food chains. They are the critical
species for initial bioaccumulation of mercury and its subsequent
trophic transfer to predator fish and humans. This study focused
on understanding the drivers of long-term and seasonal changes
in the zooplankton mercury (Hg) concentrations in Onondaga
Lake, NY, USA. The water column and sediments of Onondaga
Lake are contaminated with Hg as a result of discharge of ionic
Hg from a chlor-alkali plant, which was in operation between
1940 and 1988. The lake is culturally eutrophic, historically
receiving elevated nitrogen and phosphorus inputs from a regional
wastewater treatment facility. The level of Hg contamination in the
lake ecosystem has substantially improved due to closure of the
industrial facilities and shifts in electron acceptor availability in the
anoxic waters.
In this study we present a comprehensive 30-year record of total and
methyl Hg concentrations in mixed zooplankton collected from the
pelagic zone. Zooplankton data were supplemented with detailed
seasonal analysis of mercury species in the epilimnion of the lake
during the open water period of 2006, 2007, and 2009. Total Hg
concentrations in the zooplankton were positively correlated with
the concentrations of total Hg in the upper mixed water. Episodic
peak concentrations in zooplankton total Hg corresponded to spikes
in epilimnetic inputs due to high runoff events, wind-driven mixing,
and fall turnover. Long-term decreases in peak Hg concentrations
in the water column and zooplankton were observed, following
reductions in Hg load and decreases in nutrient concentrations. The
changes in methyl Hg concentrations in zooplankton were driven
primarily by changes in the zooplankton community, changes within
the food web (i.e., invasion of zebra mussels, appearance of new
fish species), as well as by changes in water quality. The applicability
of the bio-dilution hypothesis was assessed. Under eutrophic
conditions and with prevailing large-bodied zooplankton species,
the biodilution hypothesis was confirmed. However, improvements
in the nutrient status and shift to small zooplankton species changed
the relationship.
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TS12-P5
CLIMATE EVENTS DRIVE EPISODIC SPIKES IN MERCURY
CONCENTRATIONS IN TEMPERATE ZOOPLANKTON
1

1

TODOROVA, Svetoslava , DRISCOLL, Charles
(1) Syracuse University, stodorov@maxwell.syr.edu
Zooplankton play a central role in the conveyance of nutrients and
contaminants through aquatic food webs. Food web transfer has
been recognized as the predominant route for bioaccumulation
of mercury (Hg) into higher organisms and exposure to humans
and wildlife. We studied the long-term Hg bioaccumulation
pattern in mixed zooplankton communities in a temperate inland
lake, Onondaga Lake, NY and examined the signature of the El
Nino Southern Oscillation (ENSO) events on these patterns.
The goal of this event-based study was to explore the timing and
consequences of the ENSO episodes and their effect on zooplankton
Hg concentrations. The 20-days moving average of the zooplankton
Hg concentrations demonstrated a definitive pattern during
ENSO years with elevated concentrations clustered between June
and mid August. During non-El Nino years the majority of the
increase in total Hg concentrations was observed in the fall. Storm
events, changes in photosynthetic active radiation, lake physical
characteristics, and zooplankton nutrient composition are among
the parameters that we found contributing to the observed pattern
of zooplankton Hg concentrations. Evaluation of the trends in local
temperature, wind intensity, and precipitation suggest that El Nino
conditions can be used as a proxy for future changes in climate and
therefore, future increases in zooplankton Hg concentration can be
expected.

TS10-P2
SOLUBILITY OPTIMIZATION OF THE HG(II)-SPECIFIC
TRANSCRIPTIONAL REGULATOR MERR FOR THE STUDY
OF MOLECULAR STRUCTURE AND DYNAMICS
1

1

TOMANICEK, Stephen J. , JOHS, Alexander , SUMMERS, Anne
2
2
1
3
O. , OLLIFF, Lyn , LIANG, Liyuan , SMITH, Jeremy C.
(1) Environmental Sciences Division, Oak Ridge National Laboratory,
tomaniceksj@ornl.gov (2) Department of Microbiology, University of
Georgia; (3) University of Tennessee/Oak Ridge National Laboratory
Center for Molecular Biophysics.
Mercury (Hg) is a widely found contaminant in the environment
and is of particular interest as methyl mercury can enter the food
chain and bioaccumulate in higher organisms. Heavy metals such
as Hg have no known biological function and are toxic to all living
organisms. However, microbes have evolved naturally to deal with
heavy metal toxicity resulting in elaborate heavy metal resistance
mechanisms. Select bacteria possess specific genes that allow cells
to resist poisoning of toxic metals by using multiprotein resistance
systems under the control of metal-responsive transcriptional
regulators. The transcriptional repressor-activator, MerR, is the
archetype of the MerR family of metalloregulators that controls
the transcription of a set of genes (the mer operon) providing Hg
resistance in many genera of bacteria isolated from Hg-exposed
ecosystems. The mer operon encodes specific genes that facilitate
transport of Hg species, cleavage of organomercurials and reduction
of ionic Hg(II) to volatile, elemental Hg(0). The 144-residue
MerR binds to its operator DNA and functions as a homodimer.
It represses transcription of the mer operon in the absence of
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Hg(II) and activates transcription upon Hg(II) binding. Although
a wealth of genetic, biochemical, and biophysical data exist for
MerR and several structures are known for paralogous members
of the MerR family specific for other metals, to date the threedimensional structure of MerR is unknown. Previous attempts at
structure determination of MerR using X-ray crystallography and
Small Angle Neutron Scattering (SANS) have been hampered by
low protein solubility. Here we present our strategy for overcoming
these solubility issues by screening a range of discrete conditions
including pH, cations, anions and other additives, to optimize the
solubility of MerR. We have successfully obtained a customized
formulation that enhances the solubility of Hg(II)-MerR and Hgfree-MerR by factors of 20 and 15, respectively. Dynamic Light
Scattering (DLS) showed that samples prepared in the respective
optimized buffer conditions are monodisperse. Initial sparsematrix vapor diffusion crystallization screening of both Hg(II)MerR and Hg-free-MerR using the optimized buffer formulation
revealed multiple crystallization conditions that are currently being
optimized to produce diffraction quality crystals for X-ray studies.
We anticipate that this solubility optimization strategy will facilitate
our current efforts to solve the first X-ray crystallographic structure
of MerR. The increased solubility will also enable use of neutron
scattering to study MerR dynamics and conformational changes
that are essential for understanding its unique mechanism of
transcriptional regulation.

TG3-P15
INFLUENCE OF SUBMARINE FUMAROLES ON THE
DISTRIBUTION OF MERCURY IN WATER AND SEDIMENT
OF KAGOSHIMA BAY, JAPAN
1

1

TOMIYASU, Takashi , MATSUOKA, Hiroyuki , KODAMATANI,
1
1
2
Hitoshi , KONO, Yuriko , MATSUYAMA, Akito , HIDAKA,
1
1
Masayasu , OKI, Kimihiko
(1) Kagoshima University, tomy@sci.kagoshima-u.ac.jp (2) National
Institute for Minamata Disease.
Submarine fumaroles were located in the 200-m deep basin of the
northern part of bay head area of Kagoshima Bay. To estimate the
influence of mercury emitted from the fumaroles, the distributions
of mercury in water and sediment were studied.
The samples had been taken in the bay head area in February and
June, 2010. The sediment samples were taken from the bottom
using a gravity core sampler. Total mercury (T-Hg) concentration
in the samples was measured by CVAAS after acid digestion. The
sea water samples were collected every 50 m from the surface to
2+
10 m above the sea bottom with Niskin sampling bottle. For Hg
and T-Hg measurement the water samples were filtered with 0.45
2+
m membrane filter. Hg was measured by CVAAS using SnCl2 as
a reducing agent. T-Hg was measured by the CVAAS after BrCl
0
oxidation under UV radiation. For Hg measurement, unfiltered
water samples were bubbled with nitrogen without reducing agent
0
and Hg swept from the water was measured by CVAAS.
In February, the water samples were collected at 3 locations in the
200 m deep area. T-Hg of the seawater columns were 0.49±0.43
ng/l and the values showed no association with depth. In June,
water samples were collected at the 200-m deep basin, and 4 and 8
km away from the basin. The depths of them were 130 and 140 m,
respectively. In this season, thermocline was observed about 0-120
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m deep and pH decreased sharply at 120 m deep, which may be
caused by the fumarolic activity. Significant higher concentrations,
0
2.5 and 3.1 ng/l of T-Hg and 0.69 and 0.90 of Hg , were observed
at 150 and 190 m deep. Surface to 100 m deep layers showed no
tendency in the vertical and horizontal variations of mercury with
lower concentrations of 0.43±0.19 ng/l for T-Hg and 0.05±0.02 ng/l
0
for Hg . In the distribution of T-Hg in surface sediment, 0.73±0.18
mg/kg was observed near the fumaroles and the value decreased
with distance from there. These observations suggested that the
fumaroles are main sources of mercury in the study area. The
formation of seasonal thermocline may be a important factor for the
dispersion of the mercury.

RS13-P3
MERCURY CONTROLS ON ARSENIC SPECIATION AT THE
BLACK BUTTE ABANDONED MERCURY MINE, COTTAGE
GROVE, OREGON
1

2

3

TORRANCE, Keith , KEENAN, Helen. E , MUNK, LeeAnn ,
4
HAGEDORN, Birgit
(1) DLCS, University of Strathclyde, keith.torrance@strath.ac.uk (2)
University of Strathclyde; (3) University of Anchorage, Alaska; (4)
University of Achorage, Alaska.
The Black Butte mercury mine near Cottage Grove, Oregon has
recently been added to the Federal Clean Up List (2010). Water
samples were collected from streams within the site and analysed for
trace metals. Water samples were separated in the field into As(III)
and As(IV) species for subsequent measurement using ICP-MS.
Tailing piles on the mine site originating from the retort furnace
-1
contain cinnabar (HgS) up to 20mg kg , as measured using XRF,
which has previously been established as the source of mercury
polluting the adjacent Coast Fork Willamette River and Cottage
Grove reservoir. Mercury methylation is largely confined to lake
sediments with fish consumption advisories in effect.
The andesitic lavas hosting the mercury ores at Black Butte are
naturally elevated in arsenic, with groundwater from wells in the
-1
region reported above the EPA MCL level of 10μg L .Arsenic levels
-1
in streams within the study area ranged from 0.3 – 9.6μg L . The
highest levels were found in water flowing from the main mine adit.
Over 80% of soluble arsenic is in the form of As(III), rather than
As(V); this reflects the greater mobility of As(III) species. Dissolved
mercury concentrations from site run-off are below detection limits;
most of the mercury transportation is as sediment. Relationships
between arsenic speciation and the mercury content of sediments
are discussed.

FG9-O9
TERRESTRIAL MERCURY BIOACCUMULATION ALONG
A FORESTED ELEVATIONAL GRADIENT: USING FOREST
THRUSHES (GENUS CATHARUS) AS BIOINDICATOR
SPECIES
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syr.edu (2) Syracuse University; (3) Vermont Center for Ecostudies.
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Little is known about mercury bioaccumulation in strictly terrestrial
ecosystems that are remote from point-sources of contamination.
Here we show that mercury concentrations in the leaf litter and
organic soil layer increased with elevation in a densely forested
watershed of New York’s Catskill Mountains. Closely-related forest
thrushes (genus Catharus) arrayed along this elevational gradient
also showed a significant positive relationship between blood
mercury concentration and elevation. This spatial pattern may
have important health and conservation implications for Bicknell’s
Thrush (C. bicknelli), which is restricted exclusively to forests
above 1000 m in the northeastern United States. Bicknell’s Thrush
showed significantly greater blood mercury concentrations than
lower elevation congeners, Hermit Thrush (C. guttatus) and Veery
(C. fuscescens). Additionally, blood mercury levels declined with
time during the breeding season for all species, indicating that
early season thrushes either carry mercury burdens from their
winter grounds or consume a diet higher in mercury during the
early part of the breeding season (1 May – 14 June). We analyzed
samples from wintering Bicknell’s Thrush at multiple sites on their
Hispaniolan wintering grounds to further explore the possibility of
winter grounds carry-over, and found the highest blood mercury
levels of any birds in this study. We also documented wide, sitespecific variance, potentially reflecting local deposition patterns.
We will be modeling Hispaniolan weather patterns and sources of
local mercury outputs to determine site-specific mercury deposition
patterns for the island; this will be the first such mercurymonitoring data for a Caribbean island. We additionally analyzed
mercury concentrations in thrush dietary items from both the New
York and Hispaniolan sites, including spiders, carabid beetles and
a species of strictly terrestrial salamander, to elucidate food web
patterns of biomagnification.

reduction of oxidized mercury. But exact reaction mechanisms are
not fully elucidated.
We have developed a one-dimensional model, which describes the
transport of trace gases between the snowpack and the overlying
atmosphere as well as their photochemical reactions in the gas
phase and in the condensed phase of aerosols and snowpack.
Vertical diffusivity in the lowest hundred meters of the atmosphere
is diagnosed empirically from surface wind speed and heat flux.
Gas transport in the snowpack interstitial air is represented by a
combination of molecular diffusivity and wind-pumping advection.
Model runs are performed to show that a strong surface wind
promotes turbulent mixing in the boundary layer and the pumping
of air in the snowpack and, consequently, reactive halogen release
from the snowpack. Ozone and GEM are both lost rapidly via
reactions with bromine atoms in the atmospheric boundary layer
and, depending on the assumed fate of key radical species against
gas-to-snow uptake, in the snowpack interstitial air as well. The
effect of DOMs is represented by a combination of one-step, firstorder photolysis reactions of mercury-DOM complexes of varying
complexation stability. Model sensitivity is explored with regard
to concentration profiles of halides and DOMs in the snow as well
as the type of DOMs interacting with mercury, in order to provide
insights into the fate of mercury after its deposition to the polar
snow.

TS14-P15
BIOGEOCHEMISTRY OF MERCURY IN LONG ISLAND
SOUND (USA)
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RS4-P2
MERCURY OXIDATION AND REDUCTION IN AND ABOVE
THE SNOWPACK IN THE SPRINGTIME ARCTIC: INSIGHTS
FROM 1-D MODEL SIMULATIONS
1

2

3

TOYOTA, Kenjiro , DASTOOR, Ashu , MCCONNELL, John C.
(1) Air Quality Research Division, Environment Canada, Toronto,
Ontario, Canada, kenjiro.toyota@ec.gc.ca (2) Air Quality Research
Division, Environment Canada, Dorval, Quebec, Canada; (3)
Department of Earth and Space Science and Engineering, York
University, Toronto, Ontario, Canada.
Snowpack on sea ice and coastal land surface in the polar region
is an active source of reactive halogen species to the overlying
atmosphere, particularly during the spring when substantial
decrease in the mixing ratios of ozone and gaseous elemental
mercury (GEM) occurs frequently in the near-surface air via
photochemical loss involving halogen radicals. During such
episodes, GEM is transformed to oxidized forms, collectively called
“reactive gaseous mercury” (RGM), followed by rapid deposition to
the sea/land surface directly or after taken up by particulate matters.
However, it is not well understood how much of these mercury
species actually pose a threat to the ecosystem and indigenous
people in the polar region, because mercury in the snow and the
surface water is reduced photochemically (as well as biologically)
and released back to the atmosphere as GEM on the timescale
of hours to weeks. In the snow, chloride and bromide appear to
stabilize oxidized mercury via mercury-halide complex formation,
whereas dissolved organic matters (DOMs) appear to facilitate the
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Mercury (Hg) in its methylated form, methylmercury (MeHg),
is a dangerous neurotoxin that affects marine apex predators and
humans through fish consumption. Biogeochemical factors affecting
mercury speciation in sediments, porewater and the water column
of Long Island Sound (LIS) were examined during summer and
fall 2009 and spring 2010. The relative importance of factors such
as organic matter quality and quantity (using loss on ignition-LOI
and carbon content), and sulfide and sulfur content on sediment
and porewater MeHg and Hg was assessed at two biogeochemically
contrasting stations: western (WLIS) and central Long Island Sound
(CLIS). WLIS is clay-like and relatively high in organic content
-1
(on average 2.5 mmol C.g and 11% LOI) and in bulk Hg content
-1
(total Hg of about 2 nmol.g and MeHg of 5 pmol.g-1), while CLIS
-1
is sandy with low organic content (0.5 mmol C.g and 3% LOI)
-1
and lower bulk Hg content (average total Hg of about 0.2 nmol.g
-1
and MeHg of 0.7 pmol.g ). Higher partition coefficients (Kd) of
inorganic mercury (HgII) are found in WLIS (log Kd of 4.7) as
compared to CLIS (log Kd of 3.7) and imply a greater bioavailability
II
of Hg for methylation at CLIS. This is confirmed by a higher
% MeHg (percentage of Hg as MeHg; often used as a proxy for
methylation rate) in both bulk sediment and porewater in CLIS.
Results suggest that mercury speciation is strongly controlled by
organic matter in CLIS, but sulfur appears to play a more important
role in WLIS, with associated mechanistic differences between the
two stations. Bottom water hypoxia can indirectly affect sediment
mercury methylation by increasing the acid volatile sulfides (AVS)
content of the sediment. AVS has previously been shown to reduce
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mercury methylation and bioavailability by limiting mercury
partitioning into porewater. Additionally, the Kd for MeHg is lower
in CLIS suggesting that the MeHg formed in this environment
may be more mobile and bioavailable to the aquatic food chain.
The differences in the factors associated with the production,
mobility and bioavailability will be discussed and contrasted in this
presentation.

GLOBAL MODELING FRAMEWORK GLEMOS:
APPLICATION TO MERCURY ATMOSPHERIC
SIMULATIONS AND EVALUATION OF CHEMICAL
MECHANISMS
1

1
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(1) Meteorological Synthesizing Centre - East of EMEP, oleg.
travnikov@msceast.org

MG14-P25
SUITABILITY OF BIOMARKERS OF LOW-TO-MEDIUM
MERCURY EXPOSURE IN PREGNANT WOMEN
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Based on the results obtained in a preliminary and a large-scale
th
study as part of the PHIME project (EU 6 framework programme),
suitability of selected biomarkers of low-to-moderate mercury
(Hg) exposure was evaluated. In the preliminary study, MeHg
(methyl mercury) and THg (total mercury) were determined
in maternal blood, umbilical cord blood, placenta, meconium,
maternal scalp and pubic hair collected from 28 mother-child
pairs. In the following longitudinal cohort study, THg and MeHg
were determined in maternal scalp hair, maternal blood, umbilical
cord blood and breast milk from 618 mother-child pairs from
Mediterranean region. Both studies showed variable proportion of
Hg as MeHg in maternal and cord blood (12 to 100 %) and scalp
hair (10 to 100 %), and highly variable inter-individual hair-toblood MeHg ratio (67 to 760). Nevertheless, the median values for
proportion of Hg as MeHg in cord blood and hair were 97 and 99
%, respectively. Maternal scalp hair MeHg was associated more
strongly with blood than pubic hair MeHg (r=0.621, p=0.008 and
r=0.468, p=0.058, respectively). The significance of placenta as
an indicator of MeHg or inorganic Hg exposure is questionable,
while meconium was found to indicate MeHg exposure to a certain
extent, although the negligible proportion of Hg present as MeHg in
meconium indicated possible demethylation of MeHg in the foetus.
In contrast to blood and hair, very weak association between THg
and MeHg was observed in breast milk (r=0.138, p=0.025), while
the proportion of Hg as MeHg was negatively associated with THg
(r=-0.305, p<0.001). In all conducted studies, Hg in blood and hair
was positively and significantly associated with the frequency of fish
consumption, while THg in urine was positively and significantly
associated with the number of dental amalgam fillings. Hg in
breast milk was more strongly and significantly associated with
the number of amalgam fillings than with the frequency of fish
consumption. Although Hg in blood is the most suitable biomarker
of inorganic Hg or MeHg exposure, when speciation analysis is
performed, THg in hair was found to be sufficient as an approximate
indicator of exposure to MeHg resulting from fish consumption and
THg in urine as a good indicator of exposure to inorganic Hg from
dental amalgam fillings. Breast milk THg was observed to indicate
mainly inorganic Hg exposure.

Global modeling framework GLEMOS (Global EMEP Multimedia Modeling System) is a multi-scale multi-pollutant
simulation platform recently developed for operational and
research applications within the EMEP programme under the
UNECE Convention on Long-Range Transboundary Air Pollution
(CLRTAP). The framework allows simulation of dispersion and
cycling of different pollutants classes (mercury and other heavy
metals, POPs etc.) in the environment with a flexible choice of
simulation domain from global to regional scale. Beside, the
framework supports multi-media description of the pollutants
cycling in the environment. Flexible modular architecture allows
flexible configuration of the model setup for particular pollutant
properties.
The mercury component of the framework is largely based on
the previous well developed and extensively tested hemispheric
model MSCE-HM. The current version includes description of
major atmospheric processes - emissions to the atmosphere from
anthropogenic and natural sources, dispersion and chemical
transformations in air and cloud water, scavenging by precipitation
and dry deposition to the surface, re-emission to the atmosphere.
Chemical transformations include gas-phase and aqueous-phase
reactions of mercury with variety of atmospheric chemicals. Besides,
intensive mercury oxidation dynamics in the Polar Regions during
the atmospheric mercury depletion evens is treated explicitly along
with re-emission from snowpack.
The framework was applied for detailed simulation of mercury
dispersion and deposition on a global scale and evaluation of
different chemical mechanisms governing mercury cycling in
the atmosphere. In particular, a number of sensitivity runs was
performed with different sets of oxidation kinetics, reaction
constants, oxidation products etc. to evaluate relative importance
of particular chemical mechanisms under different atmospheric
conditions (including free and upper troposphere, continental and
marine boundary layer, polar regions etc.). The model performance
were evaluated against extensive dataset of speciated mercury
measurements collected from literature.

TG5-P4
REMOVAL OF LOW-CONCENTRATION ELEMENTAL
MERCURY USING TIO2-XNX PHOTOCATALYST
SYNTHESIZED BY THERMAL PLASMA
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(1) National Kaohsiung First University of Science and Technology,
u9315918@nkfust.edu.tw (2) National Taipei University of
Technology.
Mercury (Hg) emissions from natural and anthropogenic
sources have tempted substantial attention due to its toxicity and
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bioaccumulative effects via the food chain. Research pertaining to
enhance the adsorption and catalyst oxidation of Hg0 has drawn
increasing attention in recent years. Titanium dioxide (TiO2)
photocatalyst is known to effectively decompose various pollutants
in gaseous and aqueous phases. In this study, nitrogen-doped TiO2
(i.e., TiO2-xNx) nanoparticles were synthesized using thermal plasma
as a heating source via evaporation condensation for removing
0
elemental mercury (Hg ) under UV and visible light irradiation.
Titanium metal of 99.8% purity was used as the Ti source. Desired
plasma power level was maintained by controlling the flow rate
of the plasma gases. The mixture of nitrogen, argon and helium
was used as plasma gas. The flow rate of Ar + He was controlled
-1
at 2 L min ; N2 was added to control N2/(Ar + He) = 0, 5, 7 and
10% by volume. The formed TiO2-xNx photocatalyst nanoparticles
were characterized with TEM, XRD and UV-Vis. Hg removal
effectiveness of the TiO2-xNx nanoparticles was subsequently
evaluated at a low Hg0 concentration (ppb) level.
Sample characterization results showed that the formed TiO2-xNx
nanoparticles have a size within 10 – 40 nm. The formed TiO2
nanopowders were a mixture of anatase and rutile. For the 0%, 5%
and 7% N-doped TiO2 nanoparticles, the absorption edge shifts
towards the visible light regions depending on the N2 ratio in
the plasma gas. The new absorption band can be attributed to the
0
contribution from N atoms doped into TiO2 nanoparticles. Hg
removal by the TiO2-xNx nanoparticles was significantly enhanced
by increasing the O2 concentration. However, the presence of water
0
vapor in the test gas stream reduced Hg capture, especially when
light irradiation was applied. It was suspected that the reduction in
0
Hg capture was mainly attributed to the competitive adsorption of
0
2+
H2O on the active sites of TiO2-xNx with Hg and transformed Hg .

MG7-P2
CHANGES OF LEAF LITTER MERCURY CONCENTRATIONS
DURING IN-SITU DECOMPOSITION IN DIFFERENT
MINNESOTA STREAMS
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In temperate streams, litter fall represents an important source of
allochthonous carbon but also a potentially significant input of
inorganic mercury (Hg) into the stream ecosystems. In this study,
we performed in-situ litterbag decomposition experiments on maple
litter (Acer spp.) in ten Minnesota streams that varied widely in
land cover and water chemistry. We monitored total-Hg, methylHg and a suite of trace elements and nutrients in both water and
leaf litter from late fall of 2009 through early spring of 2010. In all
streams, [total-Hg]litter increased over time; the highest [total-Hg]
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(91 ng/g d.w. compared to 30 ng/g d.w. in the original litter)
were observed in two highly urbanized streams in Minneapolis
and St. Paul, Minnesota. We found that [Fe]litter were significantly
elevated (~ 400 times the original [Fe]litter) in these two streams,
implying that deposition and incorporation of inorganic suspended
particles onto the decomposing litter may partly contribute to
the observed elevation of [total-Hg]litter. On the other hand, the
highest [methyl-Hg]litter (6.2 ng/g d.w. compared to 0.9 ng/g d.w.
in the original litter) were found in streams having the highest
average [methyl-Hg]water, especially those draining forested and
wetland landscapes, suggesting potential contribution due to the
incorporation of aqueous MeHg into decomposing litter. Overall,
there are substantial changes in Hg concentrations and speciation
associated with leaf litter decomposition in stream ecosystems,
that may influence Hg incorporation into stream food webs. Our
study therefore provides an indication that these chemical changes
of decomposing litter can be controlled by particle deposition (for
total-Hg) and/or aqueous species partitioning (for methyl-Hg).
Therefore, Hg pools within decomposing litter appear to be dynamic
and influenced by in-situ water characteristics.
litter

MG7-P3
UNDERSTANDING THE MECHANISMS IN CONTROLLING
MERCURY EXPORT FROM A PEATLAND-UPLAND
WATERSHED IN NORTHERN MINNESOTA
1

2

TSUI, Martin Tsz Ki , SEBESTYEN, Stephen D. , FINLAY, Jacques
3
4
5
C. , NATER, Edward A. , JEREMIASON , Jeff D. , JACOBSON,
3
Meghan
(1) Department of Geological Sciences, University of Michigan,
mtktsui@umich.edu (2) USDA Forest Service, Northern Research
Station; (3) Department of Ecology, Evolution & Behavior, University
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Wetlands such as peatlands are well known as sources of highly
toxic methylmercury (MeHg) to downstream ecosystems. Aqueous
mercury concentrations (i.e., [total-Hg] and [MeHg]) and yields
from peatland watersheds are known to vary with hydrological
conditions, and therefore any major shifts in climatic regimes (e.g.,
changing intensity and frequency of rainfall) may substantially
influence MeHg export from these MeHg hotspots. The current
study was aimed to explore the relationships between Hg export
and climate, and to elucidate potential mechanisms mediating
these relationships. Our study site is the S2 watershed that includes
a 3.2-ha bog and a 6.5-ha upland at the Marcell Experimental
Forest located in northern Minnesota. In both 2009 and 2010,
we examined filtered [total-Hg], [MeHg], and a suite of chemical
tracers in runoff waters that flow through upland mineral soils,
pore waters in the lagg zone interface between bog organic soils and
upland mineral soils, and the stream that flows from the watershed.
Samples were collected twice per week when the stream was flowing,
with more samples collected during 2010 due to the more frequent
rainfall in the summer. Annual yields of water and total-Hg did
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not differ remarkably between 2009 and 2010 from the study
watershed. However, we found that total annual export of MeHg was
significantly higher in 2010. Interestingly, we found that [total-Fe]
positively correlated with [MeHg] in streamflow, and [total-Fe]
were significantly higher in streamflow during 2010. The export of
Fe should be associated with the anoxic reduction of Fe within the
bog zone. Therefore, we hypothesize that Fe-reducing bacteria may
be important methylators of Hg in this sulfate-deficient peatland
ecosystem, and this may result in increases in both Fe and MeHg
exports during the wetter year of 2010. Our findings also suggest
greater inter-annual variation in annual MeHg export with climate
change when more extreme weather is projected in the coming
decades.

MG7-O8
NEW INSIGHT ON MERCURY CYCLING IN STREAM
ECOSYSTEMS FROM STUDIES IN A NORTHERN
CALIFORNIA STREAM NETWORK
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In stream networks, differences in sunlight penetration through the
canopy cover drive spatial variation in stream productivity, leading
to generally increasing primary productivity downstream. In the
northern California Coast Range, we examined mercury (Hg)
cycling during the summer baseflow period over multiple years in
a stream network with the overall goal of studying the mediation
of Hg cycling by in-stream processes. Along a stream size gradient
2
(drainage area from 0.5-150 km ), we observed that methylmercury
(MeHg) concentration in water and biota increased, in parallel to
increasing primary productivity. Within a productive channel, we
observed substantial in-stream production of MeHg leading to
relatively high levels of MeHg in the resident food webs. Because
of the higher sunlight availability downstream we hypothesize that
there may also be enhanced photochemical transformations of
inorganic Hg and MeHg occurring downstream. It has recently
been demonstrated that photo-reduction of inorganic Hg and
photo-decomposition of MeHg produce Hg with mass independent
199
201
fractionation (MIF) of odd Hg isotopes (i.e., Hg and Hg),
but this does not occur through dark abiotic or microbial Hg
transformations. Therefore, to test whether photochemical reactions
are becoming increasingly important along this stream size gradient
in the stream network we are measuring the stable Hg isotopic
composition of the stream biota along this gradient. Biota are good
monitors of Hg isotopic composition because they integrate MeHg
from the ambient environments and can provide adequate amounts
of Hg for isotopic analysis. Preliminary analyses of archived
invertebrate samples demonstrated significantly higher MIF signals
of Hg isotopes in two functional feeding groups of insect larvae (Δ
201
Hg = 0.29 ‰ higher for filter-feeding hydropsychid caddisflies
201
and Δ Hg = 0.38 ‰ higher for predatory perlid stoneflies) in
2
downstream channels (drainage area > 100 km ) compared to
2
upstream tributaries (drainage area < 17 km ). We will present
all results in the context of Hg cycling in the watershed as well
as the importance of stream network position (or stream size) in
determining relative rates of in-stream Hg transformations. Overall,
our studies in this stream network provide new insight into how
spatial variability and in-stream processes in a forested watershed
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may mediate Hg transformation and bioaccumulation. These
experimental observations complement other stream studies that
most often focus on upstream sources of MeHg such as connected
wetlands in the watershed.

TG5-P13
REMEDIATION EFFECTIVENESS MONITORING OF A
FORMER HG CELL CHLOR-ALKALI PLANT
1

TURNER, Ralph
(1) Azimuth Consulting Group, rrtgeo@direct.ca
Extensive remediation of soil and groundwater at a large chloralkali plant site in British Columbia was completed in 2003. Onsite
and intertidal groundwater, as well as surface water and selected
biota within the groundwater discharge zone, have subsequently
been monitored intensively to demonstrate compliance with
established criteria and to track recovery of these environmental
media. In spite of extensive excavation, treatment and/or removal of
contaminated soil, as well as a period of exhaustive extraction and
treatment of contaminated groundwater, subsequent monitoring
failed to demonstrate acceptable continued recovery three years
after remediation was completed. The initial groundwater extraction
program was implemented in July 2001and halted in September
3
2002 after 50,000 m of contaminated groundwater had been
extracted and treated. At this time mercury concentrations in
boundary wells had decreased below 1μg/L, an interior plume
had virtually disappeared and most soil remediation was nearing
completion. However, within a few months mercury in boundary
wells had returned to former levels and by 2006 mercury in
foreshore (intertidal) groundwater was exceeding established
“trigger” levels. A new program of groundwater extraction and
treatment was initiated in 2007 focused on maximizing mercury
capture instead of complete plume capture. Monitoring results
since 2006 have demonstrated both effectiveness of the renewed
groundwater extraction as well as a “superimposed” longer
term trend of decreasing mercury concentrations in intertidal
groundwater, surface water and biota. This work illustrates
both the complexity of tracking mercury transport in intertidal
groundwater and the challenges of assuring acceptable restoration
of Hg-contaminated sites, few of which are monitored sufficiently
following remediation.

TS5-P11
WHERE’S THE MERCURY? - CONSTRUCTING SPATIAL
MODELS TO INDENTIFY LAKES WITH POTENTIALLY
HIGH FISH HG CONCENTRATIONS.
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(1) State University of New York - College of Environmental
Science and Forestry, mturn704@gmail.com (2) INRA - Ecology
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There have been numerous studies examining the relationship of
mercury (Hg) concentrations in fish with environmental factors. In
this study, we used landscape features depicted through GIS data
layers and atmospheric Hg deposition to increase predictability over
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New York State. The objective of this study was to construct spatial
models which consider water chemistry and landscape features to
empirically predict Hg concentrations in four fish species; yellow
perch (YP, Perca flavescens), smallmouth bass (SMB, Micropterus
dolomieu), largemouth bass (LMB, Micropterus salmoides), and
walleye (WEYE, Sander vitreus), and then apply the models to lakes
within New York State. We used 37 landscape GIS characteristics
and 24 water chemistry variables as potential model parameters.
The variables were selected based on previous studies that have
shown that pH, acid neutralizing capacity (ANC), dissolved organic
carbon (DOC), abundance of wetlands, % forest cover, and lake to
watershed ratio to be correlated with fish Hg concentrations. A total
of 185 independent sample sites were available with both fish Hg
measurements and environmental parameters. Regression models
were built for standardized fish lengths [YP=229mm (9in), SMB
and LMB = 356mm (14in), WEYE = 457mm (18in)] removing the
influence of size as a covariate in the models. Akaike’s information
criterion (AIC) was used to determine the most suitable model for
each species. The three most prominent parameters in the models
were the mean gaseous elemental Hg deposition in the watershed,
the % wet area (open water and wetlands) relative to the lake area,
2
and ANC, resulting in coefficients of determination (R ) as follows,
2
2
2
2
YP R = 0.56, SMB R = 0.61, LMB R = 0.41, and WEYE R = 0.24,
allowing at least for YP and SMB a high predictability to the model.
Since the parameters selected were readily available either through
GIS calculations or statewide water chemistry databases, we were
able to apply the derived models to an additional 180 lakes in New
York to predict the Hg concentration of a standard size fish for
each species. The potential risk was assessed by applying prediction
intervals and the results were displayed on maps. The models
highlight areas of New York State where fish Hg concentrations
could be elevated beyond safe consumption advisory limits, thus
assisting resource managers in focusing their fish Hg sampling
efforts.

WS8-O4

in increased Hg and MeHg concentrations in drainage waters.
Since the release and transport of heavy metals from soils is often
associated with organic matter complexes and particulates we also
hypothesized that Hg and MeHg concentrations would be correlated
with dissolved organic carbon (DOC) and suspended solids. Eight
small (0.5–3 ha) drained peatland catchments, located in eastern
Finland, were selected for study. The forests were dominated by
Scots pine (Pinus sylvestris) and Norway spruce (Picea abies). In
2007, study sites were established. In 2009, two catchments were
harvested using SOH and four catchments harvested using WTH;
the remaining two catchments were left unharvested (controls).
Sampling has been carried out between April 2008 and October
2010 during the snow free period. Samples for Hg and MeHg
analyses were collected into FLPE bottles, and analyzed using
CVAFS. In addition concentrations of heavy metals, nutrients, DOC
and suspended solids were determined. During the calibration
period (2008), catchment mean Hg concentrations varied between
-1
3.6 and 8.1 ng L and MeHg concentrations varied between 0.18 and
-1
3.19 ng L . After harvesting, catchment mean Hg concentrations
increased in both the WTH and SOH treated catchments, WTH
catchments on average by 26% and SOH catchments by 5 %.
MeHg concentrations in the WTH catchments increased (32%)
after harvesting, but decreased (20%) in the SOH catchments.
Concentrations of Hg correlated significantly with DOC and MeHg
concentrations with suspended solid concentrations. Both DOC and
suspended solid concentrations increased after harvesting. MeHg
concentrations showed a clear seasonal pattern, with concentrations
the highest in the end of summer. Hg concentrations did not show a
seasonal pattern.

MG7-P33
ASSESSING THE VARIABILITY OF PEATLAND SOLUTE
AND MERCURY BIOGEOCHEMISTRY IN THE HUDSON
BAY LOWLANDS, CANADA
1

WHOLE-TREE HARVESTING VS. STEM-ONLY
HARVESTING IMPACTS ON THE MOBILIZATION OF HG
AND MEHG FROM DRAINED PEATLAND FORESTS
1

2

3

UKONMAANAHO, Liisa , STARR, Mike , PIISPANEN, Juha ,
4
5
3
PYHTILÄ, Heidi , PERÄMÄKI, Paavo , KANTOLA, Marjatta ,
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MÄKILÄ, Markku , LOUKOLA-RUSKEENIEMI, Kirsti , LAUREN,
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3
Ari , NIEMINEN, Tiina Maileena
(1) Finnish Forest Research Insitute, liisa.ukonmaanaho@metla.fi
(2) University of Helsinki; (3) Finnish Forest Research Insititute; (4)
Finnish Forest Research Insititute/University of Oulu; (5) University of
Oulu; (6) Geological Survey of Finland.
In accordance with current Finnish energy policy, tree tops,
branches and stumps produced at harvesting should also be
removed and used as biofuel. However, compared to traditional
stem-only harvesting (SOH) the impacts of such whole-tree
harvesting (WTH) on biogeochemical cycling and leaching, are
largely unknown, especially concerning heavy metals and drained
peatland forests. In this study we compare the effects of SOH and
WTH of drained peatland forests on the concentrations of heavy
metals, especially mercury (Hg) and methyl mercury (MeHg),
in drainage waters using a “paired catchment” approach. We
hypothesized that the greater degree of disturbance and increase in
the amount of standing water associated with WTH would result
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1

ULANOWSKI, Tom , BRANFIREUN, Brian
(1) University of Western Ontario, tulanows@uwo.ca
The second largest peatland complex in the world is found in the
Hudson Bay Lowlands (HBL) of Northern Canada, with a total area
of over 320 000 sq. km. Current and future climate and land use
impacts on the hydrology and mercury dynamics of these extensive
peatlands necessitates the collection of baseline biogeochemical
data for environmental monitoring and policy-making. The sheer
size, heterogeneity and complexity of these large northern peatland
ecosystems demands rigorous statistical sampling in order to obtain
a representative sample of the distribution of mercury and ancillary
pore water data, particularly when such information is limited.
This study assessed the small scale spatial (1 m) and temporal
(21 day) variability of surface peat and pore water chemistry in
a Sphagnum-dominated ombrotrophic raised bog and Carexdominated intermediate fen in the James Bay Lowlands. Systematic
2
sampling of a 7×7 m grid containing forty-nine 1 m units for in situ
pH and water temperature, total mercury (THg), dissolved organic
carbon (DOC), and major anions and cations at the water table
revealed distinct biogeochemical environments between wetland
types and variability in both space and time in these environmental
parameters. In the intermediate fen, microtopography was
found to have an influence on in situ temperature, pH and DOC
concentrations that generally increased from deep hollow to lawn.
+
Changes to solute chemistry, particularly base cations (Na , Ca2+

318

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
2+

and Mg ) over a three week period were statistically significant
(ANOVA) in the intermediate fen, likely a result of a dynamic
connection to mineral-rich groundwater. In the raised bog, solute
chemistry was less variable, but DOC concentrations in July
exhibited unexpectedly large variability within the grid, ranging
-1
from 12.31 to 30.44 mg L . In both the bog and fen, sulphate
concentrations showed spatial variability, and a significant decrease
over the early summer period. Coupled to THg data in the solid
peats, the implications of DOC and sulphate dynamics will be
discussed. Variability at this within-ecosystem scale will be used
to estimate sampling size requirements to generate accurate data
within a range of margin of error. The variability in peatland pore
water chemistry over such small spatial and temporal scales has
implications for the characterization of peatland type, as well as
studies attempting to establish baseline biogeochemical conditions
in these important northern ecosystems.

RG1-P27
NOVEL ONLINE METHOD FOR DETECTION OF TOTAL
GASEOUS MERCURY AND DIFFERENTIATING BETWEEN
GASEOUS ORGANIC, REACTIVE INORGANIC AND
GASEOUS ELEMENTAL MERCURY SPECIES IN AMBIENT
AIR
1

URBA, Andrius
(1) Research Center for Physical Sciences and Technology, Institute of
Physics, urba@ktl.mii.lt
Although the elemental gaseous mercury (GEM) is believed to
usually build up to at least of 95% of the atmospheric total gaseous
mercury, the minor fractions of reactive inorganic (RAM) and
volatile organic mercury species are of crucial importance because
of their reactivity, toxicity and biological availability. Online and
portable quantitative differentiating of these species appears to be
state-of-the-art task up to this date.
The conventional method of KCl denuders for RAM detection has
got both advantages and disadvantages, however, it has not got any
considerable, yet online and portable alternative chemical method
which could enable a quantitative intercomparison for RAM
detection between different chemical methods on-line and on-site
up to date. The alternative method to conventional KCl techniques
for the detection of RAM will be suggested and disclosed here.
Even more state-of-the–art task seems to be the detection of gaseous
organic mercury species in ambient air with the online and portable
method. Providing the detection of gaseous organic mercury in
addition to RAM and gaseous elemental (GEM), we can draw near
to the important task of detection of the real total gaseous mercury
(TGM) in ambient air. The insights and suggestions towards creation
of such method will be disclosed here.
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RS19-P4
C-REACTIVE PROTEIN AND INTERLEUKIN 10 IN
RIPARIAN VILLAGERS ENVIRONMENTALLY EXPOSED TO
MERCURY ON THE TAPAJÓS BASIN, AMAZON, BRAZIL
1

2
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Solange Cristina , DAVIDSON, Robert , BARBOSA JR, Fernando
(1) FCFRP, University of São Paulo, Brazil, valentiniju@hotmail.com
(2) FUP, University of Brasilia, Brazil; (3) Federal University of Rio
Grande do Sul, Brazil; (4) UQÀM & Biodôme of Montreal, Canada.
On the Tapajós River Basin the epidemiological scenario
encompassed by the natural formation of soil, deforestation and
food intake of the population provides exposure to mercury (Hg).
It is known that this exposure has a great potential to trigger
different pathological disorders (mainly via oxidative stress). It has
been suggested that high blood pressure may be associated with
Hg exposure. This study evaluated levels of C-reactive protein, an
inflammatory bioindicator of the risk for cardiovascular diseases
(CVD), in riparian villagers of the Amazonian Tapajós River by
ultrasensitive method (hsCRP), and examined a possible association
with total blood Hg (B-Hg), blood pressure (BP), body mass
index (BMI), plasma malondialdehyde (MDA), and interleukin 10
(IL-10). The investigation was carried out in three villages: Nova
Estrela (NE, n = 36); Araipá-Lago (AL, n = 34) and São Tome (ST,
n = 33). B-Hg was analyzed by ICP-MS; plasma MDA by HPLCUV; serum hsCRP by immunoturbidimetric assay and IL-10 levels
using the AlphaLISA Human IL-10. B-Hg levels were significantly
-1
lower in NE (11.52 ± 10.30 μg. L ) than AL (31.70 ± 22.73 μg.
-1
-1
L ) and ST (72.01 ± 38.61 μg. L ). Globally, the participants of
the three communities had BP and BMI within normal ranges.
-1
MDA levels were significantly lower in NE (2.05 ± 0.60 μM. L ) as
-1
compared to AL and NE (7.67 ± 2.50 μM. L and 6.98 ± 2.88 μM.
-1
L , respectively). hsCRP was also lower in the community of NE
-1
(0.86 ± 0.67 mg. dL ) comparatively to the communities of AL (1.72
-1
-1
± 0.81 mg. dL ) and ST (3.10 ± 0.64 mg. dL ). IL-10 levels were
significantly different in the three participating communities, being
-1
-1
140.07 ± 41.18 pg. mL ; 84.35 ± 38.57 pg. mL and 61.79 ± 24.53
-1
pg. mL , in NE, AL and ST, respectively. These preliminary results
suggest an ongoing inflammatory process in this small population,
a low anti-inflammatory response capacity, and the presence of
lipid peroxidation in communities presenting higher Hg exposure.
Multiple regression analyses are currently under way in order to
identify predictors of plasma concentrations of hsCRP in these Hg
exposed communities.
This work was carried out with support from the Global Health
Research Initiative (GHRI), a collaborative research funding
partnership of the Canadian Institutes of Health Research, the
Canadian International Development Agency, Health Canada, the
International Development Research Centre, and the Public Health
Agency of Canada
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TG4B-P1
MEASUREMENT OF ATMOSPHERIC MERCURY AT THE
CZECH EMEP STATION KOSETICE
1

1

VANA, Milan , CECH, Jan
(1) CHMI, milan.vana@chmi.cz
The measurement of atmospheric mercury at Kosetice Observatory
started according to the EMEP methodological guidelines in 2006.
The Observatory was established as a station specializing in air
quality monitoring and research at the background scale in 1988.
The observatory represents the Czech Republic in activities under
CLRTAP and WMO as well as in projects (EUSAAR, ACTRIS).
Mercury concentrations in the air and aerosols have been detected
in weekly frequency. The sampling of gaseous mercury in the air
has been carried out using protective quartz filter followed by two
gold traps in series; mercury in atmospheric aerosol is collected on
quartz filter. Analytical process is implemented in accredited ALS
laboratory in Prague. The analysis of gaseous mercury samples is
made using double amalgamation CVAFS. The gold trap is mounted
in series with a second analytical trap in a gas stream (Hg-free
argon) leading to the CVAFS detector. The results show that the
concentration levels of gaseous mercury ranges in between 0,03
-3
and 3,71 ng.m . The mean annual concentration extend to 1,21
ng.m-3. This value is in very good agreement with general scientific
consensus about the current global background concentration in
-3
the Northern Hemisphere, which varies from 1,5 to 1,7 ng.m . The
highest concentrations are registered in the days with very good
conditions for long-range transport, when the air masses originate
between the southwest and northwest sectors. The mean annual
-3
concentration of mercury in aerosol was 12,4 pg.m . Monitoring
should be expanded in next year within the Czech Globe project.
Two automatic analyzers for gaseous mercury measurement should
be bought. The first will be used for continuation of long-term
measurement at Košetice Observatory; the other will be located at
the mountain station Churáňov (1118 m above sea level). The results
will improve our knowledge of mercury long-range transport.

this gene in the isolated DNA strain. Bioassays to quantify Hg(II)
reduction were designed using two air samplers impingers in series,
connected to an air sampling pump. First impinger had bacterial
culture with added Hg, while second impinger had an acidified
KMnO4 solution, as a trap for the elemental Hg vapor generated.
Samples were collected from both impingers at different times.
Total Hg levels were determined after acid digestion, using CVAAS
technique. Mass balances, between the Hg levels in the beginning
of the experiment and in the end, had recovery rates between 98%
and 110%. Results showed a simultaneous decrease of the Hg levels
in the first impinger and an increase in the second during the
bioassays. The amount of Hg reduced increased as the incubation
time went up (from 45% of added Hg after 1 hour until a maximum
of 68% after 2 hours of the experiment). Samples taken after 3 and
4 hours of the experiment had the same Hg0 amount as two hour
sample. However, the time to reach this plateau and the maximum
concentration of elemental mercury generated are influenced by
the Hg(II) concentration and the bacterial inoculum added in the
beginning of the bioassays. When initial Hg(II) added was doubled
0
(from 5 μM to 10 μM), there was a continuous increase in the Hg
generated during the experiment (12%, 23% and 34% after 1, 2 and
4 hours, respectively). Alternatively, when we raised the amount
of bacterial cells, there was an increase in the Hg(II) reduction
8
9
9
efficiency (49%, 64% and 68% using 6,2 x 10 , 1,2 x 10 and 1,3 x 10
CFU/mL, respectively). These data suggested that several variables
can influence this bioremediation process, which seems to be
controlled mostly by the amount of bioavailable Hg in the medium
and the number of bacterial cells active.

RG1-P35
DETERMINATION OF MERCURY IN SEA WATER BY USING
HIGH RESOLUTION INDUCTIVELY COUPLED PLASMA
MASS SPECTROMETRY
1

1

1

1

VASILEVA, Emiliya , OH, Jae , BETTI, Maria , AZEMARD, Sabile
(1) IAEA, e.vasileva-veleva@iaea.org
-1

TS10-P1
ASSESSMENT OF BACTERIAL MERCURY RESISTANCE BY
THE QUANTIFICATION OF HG(II) REDUCTION
1

1

VASCONCELLOS, Ana C , BARROCAS, Paulo R , MOREIRA,
2
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Josino C , JACOB, Silvana C , DUQUE, Sheila S , BEZERRA,
1
5
6
Adriana L , WASSERMAN, Julio C , HACON, Sandra S
(1) Department of Sanitation and Environmental Health/ ENSP
- Oswaldo Cruz Foundation, anavasconcellos@ensp.fiocruz.br (2)
CESTEH - Oswaldo Cruz Foundation; (3) INCQS - Oswaldo Cruz
Foundation; (4) IOC - Oswaldo Cruz Foundation; (5) Federal
Fluminense University; (6) Oswaldo Cruz Foundation.
Mercury released in aquatic systems causes a selective pressure
in the biota, favoring Hg resistant organisms. The most common
bacterial mercury resistance mechanism is the enzymatic reduction
of Hg(II) to elemental mercury by the mercury reductase, encoded
by the merA gene. Our objective was to assess the use of a Hg
resistant bacterial strain, Leclercia adenocarboxylata, to remove
Hg(II) from aqueous solutions. This strain was isolated from a
heavily polluted ecosystem in Brazil. It had a mercury minimum
inhibition concentration of 30 μM, while PCR results, using
specific primers for the merA gene, suggested the presence of
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Determination of mercury content in the low ng kg range remains
a fundamental analytical challenge and a great source of complexity
for the realisation of reliable profiles of dissolved mercury.
Although the detection sensitivity of ICP-MS allows the direct
-1
measurement of mercury at sub-ng g levels the physical deposition
of salts on interface cones and polyatomic interference from the
major ions in environmental matrices does not allow a simple
analysis. Therefore, sample pre-treatment or matrix elimination
prior to sample introduction into the plasma was often inevitable.
The present investigation represents comparative study of two
approaches based on preliminary separation and preconcentration
of mercury followed by High Resolution Isotope Dilution
Inductively Coupled Mass Spectroscopy (HR ID-ICP-MS)
determination. Could Vapour ID-ICP-MS method featuring
gaseous introduction of mercury via tin chloride reduction have
been developed and applied in the first analytical method. Second
approach is based on matrix separation and preconcentration of
mercury on chelate resin with the direct APEX sample introduction.
To achieve SI-traceable values with small combined uncertainties
of mercury amount contents in seawater measurement procedures,
according to sound metrological principles, were developed. The
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measurement method in both cases was based on direct isotope
dilution inductively coupled plasma mass spectrometry (ID-ICPMS) applied as a primary method of measurement. The correct
assessment of the analytical procedural blank was of the crucial
importance for obtaining reliable results. In order to achieve the
lowest possible procedural blank, all sample-processing steps were
accomplished in a class-100 clean chemical laboratory and class 10
ultra clean fume hood.
The estimation of the total uncertainty associated to each
measurement result was fundamental tool for sorting the
main sources of measurement biases. Preliminary forecast of
the uncertainty budgets was used as a strategy to ensure that
determination in mercury in seawater could be achieved with
demonstrated traceability to a stated system of reference within less
than 3 % expanded uncertainty (k=2).
The results for the determination of mercury by using two
independent methods showed a degree of agreement 0.2%.

RG1-P34
DETERMINATION OF MERCURY IN SEA WATER BY USING
DIFFERENT ANALYTICAL METHODS - COMPARATIVE
STUDY
1

VASSILEVA, Emiliya
(1) IAEA, e.vasileva-veleva@iaea.org
-1

Determination of mercury content in the low ng kg range remains
a fundamental analytical challenge and a great source of complexity
for the realisation of reliable profiles of dissolved mercury. Although
the detection sensitivity of ICP-MS allows the direct measurement
-1
of mercury at sub-ng g levels the physical deposition of salts on
interface cones and polyatomic interference from the major ions in
environmental matrices does not allow a simple analysis. Therefore,
sample pre-treatment or matrix elimination prior to sample
introduction into the plasma was often inevitable. The present
investigation represents comparative study of several approaches
based on preliminary separation and preconcentration of mercury
followed by High Resolution Isotope Dilution Inductively Coupled
Mass Spectroscopy (HR ID-ICP-MS) of Atomic Fluorescence
Spectrometry (AFS) determination. Could Vapour ID-ICP-MS
and Could Vapour AFS methods featuring gaseous introduction of
mercury via tin chloride reduction have been developed and applied
in the first analytical approach. Second approach is based on matrix
separation and preconcentration of mercury on chelate resin with
the direct APEX sample introduction.To achieve SI-traceable values
with small combined uncertainties of mercury amount contents in
seawater measurement procedures, according to sound metrological
principles, were developed. The measurement method in the first
case was based on direct isotope dilution inductively coupled plasma
mass spectrometry (ID-ICP-MS) applied as a primary method of
measurement. The correct assessment of the analytical procedural
blank was of the crucial importance for obtaining reliable results. In
order to achieve the lowest possible procedural blank, all sampleprocessing steps were accomplished in a class-100 clean chemical
laboratory and class 10 ultra clean fume hood. The estimation of
the total uncertainty associated to each measurement result was
fundamental tool for sorting the main sources of measurement
biases. Preliminary forecast of the uncertainty budgets was used
as a strategy to ensure that determination in mercury in seawater
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could be achieved with demonstrated traceability to a stated system
of reference within less than 3 % expanded uncertainty (k=2). The
results for the determination of mercury by using three independent
methods showed an excellent agreement.

MS11-P11
MERCURY LEVELS IN MAGELLANIC PENGUIN WRECKED
AT THE BRAZILIAN COAST: PROPOSAL OF A POTENTIAL
MONITORING TOOL FOR MARINE POLLUTION AT THE
SOUTH ATLANTIC COAST
1

2

2
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GONCALVES, R.A. , BARROCAS, P.G. , HACON, S.
(1) Fundação OsWaldo Cruz, Departamento de Endemias, Rio
de Janeiro; Pontifícia Universidade Católica do Rio de Janeiro ,
claudveg@yahoo.com (2) Fundação OsWaldo Cruz, Departamento de
Endemias, Rio de Janeiro; (3) Pontifícia Universidade Católica do Rio
de Janeiro.
Seabirds have been identified as good indicators of marine
pollution, as they occupy different levels of the trophic chain, they
are distributed worldwide, and their ecology is well known. There
are some surveys of heavy metal levels in marine bird species
from different areas around the world. However, in penguins
there are just a few studies of heavy metal levels. S. magellanicus
is the most abundant species of penguin in South America, with
breeding colonies along the Pacific and Atlantic coasts (in Chile and
Argentina), including the Falkland Islands. In the present work, we
propose the Magellanic Penguin (Spheniscus magellanicus) as a tool
for monitoring Hg levels at the Brazilian coast. For this purpose,
muscle and liver from specimens of wrecked Magellanic penguins
were analyzed for Hg levels by Cold vapor atomic absorption
spectrometry (CVAAS), these were collected from two different
areas of the Brazilian coast: Rio de Janeiro and from Rio Grande
do Sul during winter 2006 and 2008. The average concentration
of the 2006 samples from RS (muscle: 0.1 μg/g and liver 0.8 μg/g)
were statistically different from the ones of 2008 (muscle: 0.5 μg/g;
liver:3.3 μg/g). In RJ´s samples the average value for 2006 presented
non-statistical differences (muscle: 0.4 μg/g and liver: 1.3 μg/g)
compared with 2008 (0.6 μg/g and 1.4 μg/g). However In 2006 the
average of the total of individuals collected was statistically different
(muscle: 0.3 μg/g and liver: 1.4 μg/g) of the ones of 2008 (muscle:
0.6 μg/g and 2.7 μg/g). The southeast coast of Brazil is an area with
strong industrial and urban activities that drain waste into the
near shore sea water as no data of Hg in Magellanic penguins in
the Brazilian coast was found in the literature, it is important to
continue this assessment along the years for a better understanding
of this process and verify if their Hg levels represent anthropogenic
contamination or natural levels in the species.
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TS17-O2
PREVENTING THE NEXT MINAMATA: MERCURY
CONTAMINATION FROM SEMI-INDUSTRIAL GOLD
MINING IN ANTIOQUIA, COLOMBIA—THE WORLD’S
HIGHEST PER CAPITA MERCURY POLLUTER
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(1) N.B.Keevil Institute of Mining Engineering, University of British
Columbia, veiga@mining.ubc.ca (2) Dept of Chemical & Bio-resource
Engineering, University of British Columbia; (3) Dept of Geological
Engineering, University of British Columbia; (4) Dept. of Biology,
University of Toronto; (5) UNIDO - United Nations Industrial
Development Organization, Mercury Project Colombia.
The semi-industrial gold mining sector in Colombia has 200,000
miners producing 70% of the gold in Colombia or 30 tonnes/a.
Guerrilla and paramilitary activities in Colombia’s rural areas pushes
processors—or entables—to operate inside the cities, especially in
the State of Antioquia. Entables amalgamate whole-ores in small ball
mills—cocos—and later burn gold amalgam without filters. In just
five cities, with 150,000 inhabitants — Segovia, Remedios, Zaragoza,
El Bagre, Nechi—there are more than 300 entables producing
10-20 tonnes/Au/a. They work near public schools, markets, and
residential neighborhoods. Data collected by UBC and UNIDO
show this corner of Colombia releases 60-100 tonnes/a of mercury
to the environment —the world’s highest mercury pollution perperson in the world. Urban air mercury levels range from 300 ng
3
3
Hg/m (background) to 1 million ng Hg/m (inside gold shops)
3
with 10,000 ng Hg/m common in crowded areas. The WHO limit
3
for public exposure is 1000 ng.m . This is highest mercury hazard
in one region since Minamata, Japan (although the threat is from
Hg vapour rather than methylmercury). Air pollution, however,
accounts for only 3.76% of mercury losses. On average, 46.3% of
mercury pulverized in ball mills is lost with tailings (this ranges
from 26 to 82%, in 15 centers measured). The ratio Hg-lost:Auproduced is approximately 14.5. In August 2009, UNIDO began
implementing a Mercury Project in five cities. Self-reported data
from 89 processing centers revealed an average of 24 kg/mo/center
of mercury consumed. One necessary public intervention is to cut
the supply of mercury to the mines. In 2009, eleven companies in
Colombia legally imported 130 tonnes of metallic mercury, much
of it flowing to semi-industrial gold mines. A policy solution is
needed that removes entables from urban centers and supported
with technical assistance to introduce cleaner technologies, such as
gravity concentration, controlled intensive cyanidation, retorts, and
gold shop condensers. This paper reviews the pollution situation and
describes technological changes that can drastically reduce mercury
pollution in Colombia.

MG14-P2
TOTAL MERCURY IN BREAST MILK OF URBAN AND
RIVERINE MOTHERS ALONG THE RIO MADEIRA,
WESTERN AMAZON.
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Universidade de Brasília.
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Fish eating populations of the Amazon are exposed to
methylmercury. Besides high fish consumption, extended
breastfeeding is also a hallmark of traditional living. We investigated
the total mercury concentrations in milk of 157 mothers living in
the capital city of Porto Velho (90) and in traditional communities
(Calama, Nazaré, Santa Catarina, Terra Caída, São Carlos e
Demarcação) along the banks of the Rio Madeira (67). Frequency of
fish consumption and dental amalgam were part of the information
collected from the volunteering mothers. Total Hg in breast milk
was determined by cold vapor AAS (FIMS-400, Perkin-Elmer) after
4
sample digestion in HNO3-H2SO4-KMnO . Mean total Hg in milk
of urban mothers (0.78±1.18 μg/kg) was lower than that found in
milk of riverine mothers (2.55±1.86 μg/kg); the difference of means
between groups was statistically significant (p=0.0000). In the
riverine mothers, total breast-milk Hg was significantly (Spearman
r=0.3096, p=0.0069) correlated with frequency of fish consumption
but was not significantly correlated with dental amalgam fillings.
However, in mothers from Porto Velho with relatively lower fish
consumption rates, there was no significant correlation between
total milk-Hg concentrations with frequency of fish consumption
or number of dental amalgam fillings. Overall, the asymmetric
distribution of milk-Hg concentrations placed 51% of breast milk
Hg concentrations from riverine mothers above 2μg/kg (world
median concentrations), which contrasts with 8% of milk Hg
concentrations from mothers of Porto Velho. In the social and
demographic transitioning occurring in the Brazilian Amazon,
fish is losing its centrality in the diet of mothers; as a consequence
fish-Hg exposure has been drastically reduced in urban populations.
However, relatively high fish consumption in riverine populations
can still impact total milk-Hg concentrations.
Financial support
CT-Biotecnologia (Grant 553269/2005-4); INCT-INPeTAm/CNPq/
MCT (Grant 573695/2008-3); Santo Antonio Energia (Grant UNIR/
RIOMAR 005/2009).

MG4A-O10
ANALYSIS OF TEMPORAL TRENDS IN MERCURY
EMISSIONS AND DEPOSITION IN FLORIDA
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(1) ENVIRON, krish@environcorp.com (2) EPRI.
Atmospheric deposition is a major source of loading of mercury
(Hg) to terrestrial and aquatic ecosystems in several parts of the
United States including Florida. While Hg deposition in Florida is
influenced by local, regional and global emissions, it is of interest
to examine, in particular, historical Florida deposition data in
the context of changes in Florida Hg emissions over the past two
decades to help inform the ongoing multi-stakeholder Florida
statewide Hg Total Maximum Daily Load (TMDL) effort. To
that end, this paper presents an analysis of temporal trends in
anthropogenic Hg emissions and wet deposition in Florida to
explore the presence and extent of statistically significant trends
in these data. Various datasets compiled from state, regional and
federal monitoring programs and other estimates during the 19952010 time period are analyzed to investigate whether trends in wet
deposition follow trends in Florida emissions.
Historically, Hg has been emitted from a variety of anthropogenic
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sources in Florida including coal-fired electric generating units
(EGUs), municipal and medical waste incinerators and industrial
processes such as cement, steel, and pulp and paper. In this study,
annual Hg emissions for Florida coal-fired EGUs in the 1990s and
2000s are estimated where possible using statistical correlations
relating Hg removal and speciation to heat input measured
by continuous emissions monitoring systems, coal mercury
and chlorine content, and control technology. Hg emissions
for some coal-fired EGUs in Florida are also obtained from
stack measurements conducted in response to EPA’s 2009/2010
Information Collection Request (ICR). Historical Hg emissions for
non-EGU source categories in Florida are obtained from a variety of
sources including the National Emissions Inventories (NEI) for 1999
and 2005, the 2001 Clean Air Mercury Rule (CAMR), Florida DEP
inventories and other emissions inventories compiled by various
stakeholder groups. Historical Hg wet deposition data evaluated in
the statistical analysis include measurements from the Southeastern
Aerosol Research and Characterization Study (SEARCH) and the
Mercury Deposition Network (MDN), measurements made during
the Florida TMDL effort and other regional Hg monitoring studies
in Florida.

MS11-O11
TEMPORAL ASSESSMENT OF METHYLMERCURY IN AN
ENDANGERED PACIFIC SEABIRD
1
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TOTAL MERCURY DISTRIBUTION IN DIFFERENT TISSUES
OF SIX SPECIES OF FRESHWATER FISH FROM THE
KPONG HYDROELECTRIC RESERVIOR IN GHANA
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yahoo.com
Total mercury concentrations were determined in seven tissues of
thirty eight fish samples comprising six species from the Kpong
Hydroelectric Reservoir in Ghana by the Cold Vapour Atomic
Absorption Spectrometry (CVAAS) technique using an automatic
mercury analyzer. Mercury concentration in all the tissues ranged
from 0.005 to 0.022μg/g wet weight. In general the concentration
of mercury in all the tissues were in the order; liver > muscle
> intestine > stomach > gonad > gill > swim bladder. Mercury
concentration was generally greater in the tissues of high trophic
level fish such as Clarotes laticeps, Mormyrops anguilloides
and chrysichthys aurutus whereas low trophic level fish such as
Oreochromis niloticus recorded low mercury concentration in their
tissues. The results obtained for total mercury concentration in
the muscle tissues analysed in this study are below the WHO/FAO
threshold limit of 0.5μg/g. This suggests that the exposure of the
general public to Hg through fish consumption is not significant.

2

VO, Anh Thu Elaine , BANK, Michael , SHINE, James , EDWARDS,
1
Scott
(1) Harvard University, Department of Organismic Biology, vo@
berkeley.edu (2) Harvard University, School of Public Health.
Methylmercury cycling in the Pacific Ocean has garnered significant
attention in recent years, especially with regard to rising mercury
emissions from Asia. Uncertainty exists over the extent to which
mercury in biota may have resulted from increases in anthropogenic
emissions over time. To address this, we assessed exposure to
total mercury and, for a subset of samples, methylmercury (the
bioaccumulated form of mercury) in an endangered seabird, the
Black-footed Albatross (Phoebastria nigripes), using museum
feathers spanning the past 130 years. We analyzed stable isotopes
15
13
of nitrogen (δ N) and carbon (δ C) to control for temporal
changes in trophic structure and diet. After both 1940 and 1990,
significantly higher mean methylmercury concentrations and higher
proportions of samples exhibiting above deleterious threshold levels
(~40,000 ng/g) of methylmercury were observed relative to prior
time points. We also found higher levels of (presumably curatormediated) inorganic mercury in older specimens of albatross as well
as two non-pelagic species lacking historical sources of bioavailable
mercury exposure, which suggests that studies on bioaccumulation
should measure methylmercury rather than total mercury when
utilizing museum collections. After controlling for a significant
13
trend in δ C over time, year remained a significant independent
covariate with methylmercury exposure for the albatrosses. Changes
in methylmercury levels were consistent with historical global and
recent regional increases observed among published estimates and
proxies of anthropogenic mercury emissions. Mercury toxicity may
undermine current and future reproductive effort in the species.
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RG15-P1

RG11-P1
DISTRIBUTION OF MERCURY IN FISH, SEDIMENT
AND WATER FROM THE BLACK VOLTA RIVER AT BUI
BEFORE THE CONSTRUCTION OF THE HYDROELECTRIC
RESERVOIR
1

2

VOEGBORLO, Ray Bright , ANKAMAH DANSO, Solomon ,
2
1
MOMADE, Francis, F. Y. , AGORKU, Selorm, E
(1) Department of Chemistry, Kwame Nkrumah University of
Science and Technology, Kumasi, Ghana., raybrightv@yahoo.com (2)
Department of Materials Engineering, Kwame Nkrumah University of
Science and Technology, Kumasi, Ghana.
The risk of elevated Hg concentration in fish has become one of the
most important issues in assessing the environmental impact of
hydroelectric reservoirs. Total mercury (Hg) concentrations were
determined in fish, sediment and water from the Black Volta River
at Bator and Dam site at Bui to understand its distribution and
partitioning prior to the construction of the Hydroelectric Dam.
One hundred and eighty-five (185) fish samples comprising twentyone (21) species; one hundred and twenty (120) sediment samples
and twelve (12) water samples were collected and analysed for total
mercury.
Mercury concentration (μg/g wet weight) in the muscle tissue
of fish from Bator ranged from 0.014 to 0.209μg/g. Hg levels in
sediment and water from Bator ranged from 0.043 to 0.115 μg/g
and 2×10-6 to 1.3×10-5μg/L. In general, mercury concentration in
fish from Dam site ranged between 0.035 to 0.346μg/g. Hydrocynus
forkali recorded the highest level of 0.346μg/g whilst the lowest
recorded Hg concentration of 0.035μg/g was in Brycinus imberi.
Hg concentration in sediment and water were also found to be
0.052μg/g and 0.04ng/L respectively.
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All the fish samples studied showed mercury concentrations below
the Word Health organization (WHO) limit of 0.5μg/g wet weight.
The results obtained from this study therefore showed that fish from
the Black Volta River Basin are unlikely to constitute a significant
mercury exposure to the public through consumption before the
construction of the hydroelectric reservoir.

RS4-P6
YEAR ROUND MONITORING OF THE ATMOSPHERIC
REACTIVITY OF MERCURY AT DUMONT D’URVILLE,
ANTARCTICA
1

1

VOGEL, Nicolas , DOMMERGUE, Aurelien , FERRARI,
1
1
1
Christophe , PREUNKERT, Susanne , JOURDAIN, Bruno
(1) Laboratoire de Glaciologie et Géophysique de l’Environnement,
Université Joseph Fourier Grenoble/CNRS.
While the tropospheric reactivity of mercury in the Arctic is more
and more documented only a few attempts were made to study
the Hg cycle in the Southern Polar Regions. Following Schroeder
et al. (1998) study, AMDEs were observed in Coastal Antarctica
after polar sunrise at Neumayer and Terra Nova Bay (Ebinghaus
et al., 2002b; Sprovieri et al., 2002). The study of the Hg cycling
in Antarctica is first necessary to understand and follow the
extent of the contamination within these ecosystems. Mercury
concentrations in biota of some Arctic areas are known to have
increased with time (Dietz et al., 2009) and to be rather high. In
Antarctica, available data on Hg concentrations in water, sediments,
phytoplankton, macroalgae, krill and several species of benthic
invertebrates compiled by Bargagli et al. (2008) indicate that there is
no enhanced bioavailability of Hg in the Southern Ocean food web.
However, recent studies showed an enhanced Hg bioaccumulation
in terrestrial ecosystem samples collected close to Terra Nova Bay
(Bargagli et al., 2005), suggesting that local deposition events of Hg
may impact these ecosystems. There is a clear lack of long-term data
in Antarctica.
In February 2010, we initiated continuous gaseous elemental
mercury (GEM) measurements at Dumont D’Urville in Antarctica
(66°40’S - 140°01’E, 40 masl). DDU is mainly influenced by oceanic
air masses, continental air masses from South America, and air
masses from the central Antarctic Plateau, where a strong Hg
reactivity has already been observed. Here we present 1 year record
of GEM, ozone, met data at DDU. We found that the Hg reactivity
was significantly different from that observed at Neumayer. An
intense reactivity was observed during summer time with daily
cycling of GEM and short depletion events of short duration were
daily observed.

TS6-O5
MERCURY IN FRESHWATER LAKES: QUANTIFYING
PHOTOREACTIONS IN THE LAKES OF KEJIMKUJIK
NATIONAL PARK
1

VOST, Emma , O’DRISCOLL, Nelson, LUKEMAN, Matt
(1) Acadia University, emmavost@hotmail.com
Mercury is a globally distributed, toxic environmental contaminant.
Quantifying the release of volatile mercury from aquatic ecosystems
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is integral to predicting mercury-sensitive freshwaters. Inorganic
+2
mercury (Hg ) in freshwater lakes can be reduced to volatile
0
elemental mercury (Hg ) through reactions with dissolved
organic matter (DOC) and energy from solar radiation. Current
predictive models lack the gross oxidation and reduction rate
kinetics of these reactions and how they change with water
characteristics. This research will attempt to address this current
knowledge gap. Freshwater samples were collected from ten lakes in
Kejimkujik National Park, Nova Scotia (spanning a range of DOC
-1
concentrations from 3.78- 13.28 mg L ) in May, 2008, May 2009,
-1
and August 2010 (DOC ranging from 2.6-15.4 mg L ). Samples
were frozen until analysis of DOC, total mercury, and mercury
photo-reduction and oxidation rates. Both filter-sterilized and
unfiltered waters were analyzed using a quartz photoreaction cell in
combination with a Luzchem photo-reaction chamber (combined
UVA UVB irradiation) and a TEKRAN 2537 gaseous elemental
mercury analyser to quantify gross and net reduction rates. Rate
constants were derived using a kinetic fitting model for a pseudo
first-order reaction. Results from batch experiments and gross
reduction experiments on the 2008 lakes showed that unfiltered
samples of lake water released more mercury (mean of 279 ± 48 pg)
when exposed to UV radiation than 0.2 μm filtered samples (185 ±
37 pg); net photoreduction rate constants were much more variable
-5
and had much higher associated error (range from 1.28 x 10 to
2
-1
3
4.50 x 10 for filtered and 3.20 x 10 to 2.97 x 10 for unfiltered)
-3
-3
calculated gross oxidation rates (1.42 x 10 to 3.42 x 10 for filtered,
-3
-3
and 1.90 x 10 to 2.78 x 10 for unfiltered) were not significantly
different than the gross reduction rates, suggesting that the system
is in equilibrium. DOC was related to rate constants for gross
reduction, net reduction, and gross oxidation, and an exponential
2
2
decay relationship was found to exist (r = 0.49, p = 0.0065; r =0.32,
2
p = 0.065; and r = 0.39, p = 0.0233; respectively).

TS16-P25
MERCURY EXPOSURE TO WORKERS AT GOLD MINES IN
VIETNAM
1

2

3

VU, Loi D , MINESHI, Sakamoto , DUONG, Hung T
(1) Institute of Chemistry- Vietnam Academy of Science and
Technology, ducloi@ich.vast.ac.vn (2) Natinal Institute for Minamata
Disease; (3) Institute of Chemistry.
The purpose of this study was to assess of human exposure to
mercury (Hg) due to gold mining activities in Vietnam. Mercury
vapor is one of the most risky substances occurring through
inhalation due to the easy vaporization of metallic mercury, and
mercury concentration in plasma is the best biomarker of mercury
vapor exposure. The total mercury (T-Hg) as well as methyl
mercury (Me-Hg) was determined in human hair, plasma, and urine
samples collected from 51 miners who have been working at the
two gold mines located in the northern and the central Vietnam.
The total mercury concentrations in plasma and hair of miners
were 14.86±7.82 ppb and 33.54±12.74 ppm, respectively which was
significantly (P<0.01) higher than that of control group (0.98±0.50
ppb) and (0.95±0.22 ppm). The differences of methyl mercury
content in hair between miners and control group were not found,
whereas a significant correlation was observed between T-Hg and
Me-Hg in hair from control group (R2 =0.91, p<0.01). These results
confirm that T-Hg in plasma is a good biomarker for assessment of
mercury vapor exposure.
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RS19-P2
SOLVING THE CUMULATIVE EFFECTS DILLEMA FOR
MERCURY IMPACTS IN EIS/EIA’S
1

WACHTLER, John
(1) Barr Engineering Company, jwachtler@barr.com
The assessment of “cumulative effects” is often one of the most
confusing and obscure analyses required in environmental impact
statements (the United States) and in Environmental Impact Assessments (Canada). Approaches vary widely between and even within
regulatory agencies. Numerous agency guidelines on the topic,
however, often only compound the confusion rather than help.
Furthermore, the analysis of cumulaive impacts due to mercury
emissions or discharges from new or expanding sources is even
more complex than for “normal” pollutants. This paper will show
how all environmental impacts are in fact, “cumulative,” and that
the addition of this term has generally caused more confustion than
assistance in environmental review. This paper will summarize the
various and sometimes conflicting approaches to dealing with cumulative effects from mercury sources in both the United States and
Canada, and will propose a simple sollution for consideration.
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MG14-P9
URINARY MERCURY EXCRETION RATE: DIFFERENCES
BETWEEN 24H URINE AND OVERNIGHT SPOT URINE
SAMPLING AND EFFECT OF URINARY FLOW
1

1

2

WALLIN, Maria , AKERSTROM, Magnus , LUNDH, Thomas ,
1
1
BARREGARD, Lars , SALLSTEN, Gerd
(1) Department of Occupational and Environmental Medicine,
Sahlgrenska University Hospital and University of Gothenburg,
Sweden, maria.wallin@amm.gu.se (2) Department of Occupational
and Environmental Medicine, Lund University Hospital and Lund
University, Sweden.
Urinary mercury (U-Hg) excretion is widely used to assess
exposure, body burden or risk of adverse health effects. U-Hg
sampling could be done either by 24h urine collection or by spot
urine sampling. The aim of this study was to examine possible
differences between 24h urine and overnight spot urine sampling
and effects of urinary flow (UF) on urinary mercury excretion rate.
Methods
Separate 24h urine (U24) samples and timed overnight spot urine
(UON) samples were collected and the volumes were measured
in 152 healthy kidney donors before transplantation. U-Hg in the
urine samples were analyzed and excretion rates per hour (U-Hg/h)
were calculated. Differences between U24 and UON samples were
tested using paired t-test and the effect of UF was assessed by linear
regression.
Results
The mercury excretion rate (U-Hg/h) was significantly higher in
UON samples than in U24 samples (mean 0.082 μg/h vs. 0.075 μg/h,
p=0.03). When the study population was divided into men and
women, a significantly higher U-Hg/h in UON sample was only
seen for women (p=0.05). There were no differences in U-Hg/h or
excreted amount U-Hg/24h (mean 1.8 μg/24h, range 0.01 – 10.7
μg/24h) between men and women. No effect of UF was seen
for U-Hg/h neither in the total material nor for men or women
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separately. There were significant correlations between the number
of dental amalgam fillings and both the U-Hg/h (in UON and U24),
and the excreted amount U-Hg/24h (rp = 0.41-0.46; p<0.001).
U-Hg/h (in UON and U24) was about 30% higher in the 4th quartile of
st
amalgam fillings compared to the 1 quartile (p<0.001).
Conclusions
Since U-Hg/h was significantly higher in UON than U24 samples the
former will overestimate the U-Hg excretion. The difference was
primarily seen for women and could not been explained by an effect
of UF.

FS22-O4
DEACTIVATION PERFORMANCE AND MECHANISM OF
ALKALI (EARTH) METALS ON V2O5-WO3/TIO2 CATALYST
FOR OXIDATION OF GASEOUS ELEMENTAL MERCURY IN
SIMULATED COAL-FIRED FLUE GAS
1

WAN, Qi1, DUAN, Lei
(1) Tsinghua university, wanq07@mails.tsinghua.edu.cn
Catalysis deactivation caused by alkali (earth) metals (Na, K, Mg
and Ca) over V2O5-WO3/TiO2 catalyst for oxidation of Hg0
by hydrogen chloride was investigated in the presence of O2.
Deactivation effects caused by alkali (earth) metals were well
associated with alkalinity value and shown in sequence as: K > Na
~ Ca > Mg. Results also indicated that the deactivation increased
proportionately with alkali (earth) metal doping amounts. Further
investigations on BET surface area, XRD, Hg-TPD, XPS and
H2-TPR demonstrated that surface characteristics were not the
dominant factor for the deactivation. However, surface coverage by
alkali (earth) metals might cause surface area and total pore volume
decreases. Hg-TPD results indicated that the doping of alkali (earth)
metals would decrease surface Hg0 adsorption amount associated
with alkalinity value. More decrease of surface adsorption and redox
ability (Oα) in doped catalysts than the fresh one could lead to
less active performance according to the H2-TPR and XPS of O1s
results. Consequently, the decrease of Hg0 adsorption and surface
redox ability (Oα), and the formation of inactive metavanadate
species such as KVO3 could be responsible for the deactivation
performance caused by alkali (earth) metals over vanadium-based
catalyst for oxidation of gaseous elemental mercury.

TG5-O2
THE FIELD TRIAL OF THIOSULPHATE-ASSISTED
PHYTOEXTRACTION OF MERCURY POLLUTED SOIL
USING FOUR BRASSICA JUNCEA CZERN. ET COSS PLANT
SPECIES
1

2

3

WANG, Jianxu , FENG, Xinbin , ANDERSON, Christopher W. N. ,
1
1
1
WANG, Heng , YIN, Runsheng , BAO, Zhengduo
(1) Institute of Geochemistry, Chinese Academy of Sciences;
(2)Graduate University of the Chinese Academy of Sciences,
wjx19861217@126.com (2) Institute of Geochemistry, Chinese
Academy of Sciences; (3) Massey University, New Zealand.
The ammonium thiosulphate assisted phytoextraction has been
proved to be an effective tool to extract mercury from soil. Rarely
studies, however, have examined the practicality of this method in a
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field environment. In addition, no study has tested the transport of
mercury to the underground due to the application of the chelate.
In this work, the thiosulphate assisted phytoextraction by four local
Brassica juncea Czern. et Coss plant species(Brassica juncea Czern. et
Coss.var. ASKYC, Brassica juncea Czern. et Coss.var.DPDH, Brassica
juncea Czern. et Coss.var.CHBD, Brassica juncea Czern. et Coss.var.
LDZY) from mercury polluted soil were evaluated in the field trial
at Wanshan mercury mining district, SW China.The transport of
mercury in the soil section plane was subsequently investigated as a
function of thiosulphate amendment. Mean mercury concentration
-1
of the soil was 280 mgkg for the 0-30 cm horizon. The results
indicated that the mercury concentration in the roots and shoots
of the plant were significantly increased through the application of
thiosulphate to the soil. In the non-thiosulphate treated plants, the
root and shoot mercury concentration of the four plant species were
-1
below 1 mgkg which were significantly lower than the thiosulphate
treated plants.In the thiosulphate treated plants, the shoot of the
four plant species extracted mercury with mercury concentration
-1
reaching up to 101mgkg for Brassica juncea Czern. et Coss.var.
DPDH. The mercury concentration in the shoots of the four plants
followed the trend: Brassica juncea Czern. et Coss.var.DPDH,
Brassica juncea Czern. et Coss.var.CHBD, Brassica juncea Czern.
et Coss.var. ASKYC and Brassica juncea Czern. et Coss.var.LDZY,
while no significant differences were observed among the roots.
Considering the plant biomass, the mercury phytoextraction yield
of Brassica juncea Czern. et Coss.var. ASKYC, Brassica juncea Czern.
et Coss.var.DPDH, Brassica juncea Czern. et Coss.var.CHBD, Brassica
-1
-1
juncea Czern. et Coss.var.LDZY were 140g ha-1, 80g ha , 28g ha ,
-1
540g ha respectively. The analysis of the bioavailable mercury
concentration in the soil setion plane showed that the application
of ammonium thiosulphate would not cause mercury to leach from
soil. Results presented here indicated that Brassica juncea Czern. et
Coss.var.DPDH had great potential in phytoextraction of mercury
polluted soil assisted by ammonium thiosulphate.

TG3-O3
CURRENT STATE AND FUTURE TRENDS OF MERCURY
EMISSIONS FROM COAL-FIRED POWER PLANTS IN
CHINA
1

1

1

1

WANG, Shuxiao , ZHANG, Lei , MENG, Yang , HAO, Jiming
(1) School of Environment, Tsinghua University, Beijing 100084,
China, shxwang@tsinghua.edu.cn

This study shows the major results from the UNEP Project
“Reducing mercury emissions from coal combustion in the
energy sector” in China. We conducted literature review on the
mercury and chlorine content of coal in China, analyzed the fate of
mercury in coal-fired power plants, evaluated the mercury removal
efficiencies of PM, SO2 and NOx control devices and developed the
mercury emission inventory for coal-fired power plants in China in
2005.
Based on the analyses of 177 coal samples, the average mercury
content of raw coal samples is 0.17 mg/kg, ranging from 0.01 mg/kg
to 2.25 mg/kg. The average chlorine content of raw coal samples is
269 mg/kg, ranging from 30 mg/kg to 3289 mg/kg.

For PC boilers, the mercury removal efficiencies of the PC+ESP,
PC+ESP+WFGD, and PC+FF were 26%, 63%, and 76%, respectively.
Calculated by the probabilistic emission factor model, the best
estimate for total mercury emissions from coal-fired power plants
in China was 108.6 t in 2005. Preliminary analysis indicated that the
SO2 emission control policies taken during 2005~2010, including
phasing-out of small units and installation of FGDs, had significant
co-benefit of mercury reductions. Two pollution control scenarios,
baseline scenario and policy scenario, were developed to forecast the
future trend of mercury emissions.
The uncertainties of electricity demand, dependence on coal
power, mercury content of coal as burned, and implementation
of air pollution control policies would respectively result in high
uncertainty in the mercury emission estimate. The trend of coal
mining, coal transportation among provinces, and coal washing
would also significantly affect the mercury emissions.

RG3-O2
ATMOSPHERIC MERCURY EMISSION FROM CHINESE
COPPER SMELTERS IN 2007
1

1

1

1

WANG, Shuxiao , WU, Qingru , ZHANG, Lei , MENG, Yang ,
2
3
STREETS, David , CHIN, Conrad
(1) Department of Environmental Science and Engineering, Tsinghua
University, Beijing 100084, China, shxwang@tsinghua.edu.cn (2)
Decision and Information Sciences Division, Argonne National
Laboratory, Argonne, IL 60439, USA; (3) Office of Air Quality
Planning and Standards, U.S. Environmental Protection Agency, USA.
Mercury pollution is one of the most important global
environmental issues. China is the largest anthropogenic mercury
emitter in the world, where coal combustion and nonferrous metals
smelting process are regarded as the most significant emission
sources. However, previous mercury emission estimates for
nonferrous metals smelters suffer from high uncertainty.
We sampled and analyzed 110 copper concentrate samples from
36 concentrate mills and copper smelters in China. The mercury
concentrations of copper concentrates in China had large variations,
-1
-1
ranging from 0.04 g•t to 127.24 g•t . Our analysis indicated that
-1
the mean Hg concentration in Cu concentrates was 1.5 g•t and the
-1
median Hg concentration was 4 g•t .
Based on the mercury contents of copper concentrates, mercury
removal efficiencies of air pollution control devices, Chinese
smelter copper production and copper concentrate consumption,
the mercury emissions from Chinese copper concentrate smelting
were estimated. According to our study, emission factor in
-1
primary copper ores smelters is 4.65 g•t •, while in secondary
-1
copper smelters is only 0.041 g•t . About 10.96 t of mercury has
been emitted to the atmosphere from Chinese copper smelters in
2007, including 10.91 t from copper ores smelters and 0.05 t from
secondary copper smelters. For primary copper smelters, 78.54%
of mercury emissions were from Inner Mongolia, Yunnan, Jiangxi,
Hubei, Anhui and Gansu provinces.

The test results from 124 coal-fired power plants were collected
from literature to analyze the mercury emission characteristics and
the mercury removal efficiencies of air pollution control devices.
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MG7-P22
REDOX CYCLING OF HG BY DISSIMILATORY NITRATEREDUCING ENRICHMENT CULTURES
1

2

1

WANG, Yanping , WIATROWSKI, Heather , YEE, Nathan ,
1
3
BARKAY, Tamar , LIN, Chu-Ching
(1) Rutgers University, yawang@rci.rutgers.edu (2) Clark University;
(3) National Central University.
The contamination of groundwater with mercury (Hg) is an
increasing problem worldwide. However, little is known about
the interactions between Hg and microorganisms in subsurface
environments, particularly under nitrate-reducing conditions as
nitrate often appears as a co-pollutant in groundwater. Because
the behavior of Hg in the environment strongly depends on its
chemical forms, we conducted laboratory studies to investigate the
mechanisms that may underpin Hg redox transformation mediated
by dissimilatory nitrate-reducing enrichment cultures derived from
the Oak Ridge Integrated Field Research Challenge site, where
nitrate is a major contaminant.
Data from Hg toxicity experiments showed an inverse relationship
between Hg concentration and onsets of nitrate reduction in
enrichment cultures; higher Hg concentrations irreversibly inhibited
denitrification. A decline in the number of species in the various
enrichment cultures, as indicated by the number of 16S rRNA gene
TRFLP peaks, occurred with increasing Hg concentrations. This
loss in community complexity resulted in only a single TRFLP
peak being detected for a treatment with 312 nM Hg. This single
peak corresponded to a Bradyrhizobium sp., which reduced Hg(II)
to Hg(0) trapped in a solution consisting of strong acids (i.e.,
nitric acid and sulfuric acid) and oxidants (i.e., permanganate
and persulfate). The strain also contained a merA gene with 97%
identity to merA of the Proteobacteria and Firmicutes. Results
from time-course experiments on Hg(II) reduction showed that
while formation of gaseous Hg(0) was observed after overnight
incubation, nitrate reduction and cell growth did not follow Hg(II)
reduction; rather, a decrease of Hg(0) in trapping solution occurred
in parallel with an increase of Hg in the cultures upon the onset of
cell growth. Furthermore, when incubated with the spent medium
obtained from different growth phases, Hg(0) was oxidized. Taken
together, these results suggest that in addition to the impact of Hg
on denitrifying community structure, Hg-denitrifier interactions
can result in Hg redox cycling and thus may affect Hg mobility in
anoxic environments.

MG4A-O12
SPATIAL AND TEMPORAL DISTRIBUTION OF
METHYL AND TOTAL MERCURY IN PRECIPITATION IN
CHONGQING, CHINA
1

1

1

1

WANG, Yongmin , HU, Junjian , GUO, Yaozu , WANG, Dingyong
(1) Key Laboratory of the Three Gorges Reservoir Region’s EcoEnvironment (Ministry of Education), College of Resources and
Environment, Southwest University, Chongqing 400715, China,
dywang@swu.edu.cn
With the development of industry in Chongqing, one important
industrial city in southwest of China, more and more human
activities increased the mercury emissions to atmosphere. What’s
more, the special terrain of mountain and weather of no wind
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or breeze in chongqing lead mercury difficult to spread. The
local atmospheric mercury pollution became more serious. Wet
deposition has removal effects on the atmospheric mercury. To
assess the importance of the atmospheric deposition, this paper
measured methylmercury (MeHg) and total mercury (THg)
concentrations collected in Nanan district (NA, city center), Beibei
district (BB, suburb), Jinyun mountain (JY, exurb) in Chongqing
between July, 2010 and February, 2011. Detectable MeHg
concentrations were measured in all the precipitation samples at
three sites and varied from 0.023 to 1.01ng/l. The lowest MeHg
concentrations were observed in samples collected at JY where
concentrations never exceeded 0.346ng/l, and the highest were
observed at BB. Average MeHg concentrations in samples collected
at August were highest and the lowest appeared at January. There
were no statistically significant differences between concentrations
in samples collected at three sites. THg concentrations in
precipitation were generally between 8 to 60ng/l, most exceeding
60ng/l sampled in December and January when the temperatures
were low. Generally, the range of MeHg proportion of THg was
0.04%-2.59%, with the exception of in three events at BB and two
events at NA which the maximum reached 5.75%.

MG4A-P9
WET DEPOSITION OF ATMOSPHERIC MERCURY IN
CHONGQING, CHINA
1

1

1

1

WANG, Yongmin , GUO, Yaozu , HU, Junjian , WANG, Dingyong
(1) Key Laboratory of the Three Gorges Reservoir Region’s EcoEnvironment (Ministry of Education), College of Resources and
Environment, Southwest University, Chongqing 400715, China,
wangym.540@163.com

As the most important industry in southwest of China, Chongqing
has a large consumption of energy, above 70% being coal. The
terrain of valleys, hills and mountains and the weather of no
wind or breeze arouse the increased atmospheric stability and
radiation inversion, which is easy to lead trouble in mercury
spreading and local atmospheric mercury pollution. It reported
that the concentration of atmospheric total Hg in main districts
of Chongqing is four times as high as global background value.
In order to measure the removal effects of wet deposition on
atmospheric mercury, the rain samples were collected from three
sites: Nanan district (NA, city center), Beibei district (BB, suburb),
Jinyun mountain (JY, exurb) in Chongqing. We observed total and
methyl Hg (THg and MeHg) concentrations and depositions in
samples during the period from July, 2010 to Feb, 2011 and analyzed
their temporal and spatial variation. The preliminary results show
that the ranges of the monthly volume-weighted (VMW) THg
and MeHg concentration are 21.20-40.39ng/l and 0.07-0.77ng/
l,respectively. The monthly VMW THg concentration decreased
in order of NA>BB>JY, while the order for MeHg was BB>NA>JY.
The monthly THg and MeHg deposition in precipitation was 0.932
2
7.01μg/m and 0.0042-0.0485 μg/m . The order for amount of THg
and MeHg deposition is similar to VMW. A monthly pattern for
THg and MeHg in precipitation is clearly evident, with increased
THg and MeHg depositions observed in July and September in
three sites. Meteorological analysis indicated that the precipitation
amount was found to be highly significant positive correlation
with Hg deposition and significant positive correlation with MeHg
deposition.
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RG15-06
SMALL-BODIED FISH AS INDICATORS OF AQUATIC
MERCURY EXPOSURE IN SURFACE WATERS OF THE
HUDSON BAY LOWLANDS
1

1

1

WARNOCK, Ashley L. , ORLOVA, Yulia , BRANFIREUN, Brian A.
(1) University of Western Ontario, awarnock@uwo.ca
There is considerable interest in the Hg dynamics of the peatlanddominated watersheds of Canada’s Hudson Bay Lowlands in light
of current and future climate and land-use changes. First Nations
residents of Northern Ontario harvest fish as an important food
source. Determining the factors governing Hg exposure in this
ecosystem is important to the health and well-being of these
residents. Little data exist on mercury and methylmercury in the
various abiotic and biotic components of the freshwater ecosystems
of the region, making assessments of future change difficult.
Young-of-year (YOY) fish are useful for monitoring changes in
mercury (Hg) exposure in aquatic ecosystems because their tissue
Hg concentrations reflect their juvenile (short-term) exposure that
is not masked by cumulative bioaccumulation as would be the case
in larger adult fish. This research focuses on the use of YOY fish
as sentinels of spatiotemporal variability in aquatic ecosystem Hg
exposure.
As part of an ongoing monitoring program at the De Beers Victor
Mine near Attawapiskat, Ontario, YOY fish have been collected
annually since 2008 for Hg analysis. To date, over 1,500 YOY fish
have been collected from first- and second-order tributaries and
rivers (Attawapiskat and Nayshkatooyaow Rivers and their smaller
tributaries). Muscle Hg concentrations of these individual fish,
water quality measures (dissolved organic carbon (DOC), total
mercury (THg) and MeHg), and (sub)watershed hydrogeomorphic
information will be presented. Analysis of the data shows evidence
of with-species variability over a relatively small geographic region,
confounding the concept of ‘reference’, or ‘unimpacted’ sampling
locations and populations. The research presented will address
the relative importance of biogeochemical, hydrological and
ecosystem controls on the spatiotemporal variability of Hg in these
YOY fish. This unprecedented dataset will provide the framework
for determining whether climate and land-use changes influence
fish mercury dynamics and generate a baseline for the ongoing
monitoring of Hg in Ontario’s far north.

TS16-P23
MERCURY SOURCE ZONE IDENTIFICATION USING SOIL
VAPOR SAMPLING AND ANALYSIS
1

1

1

WATSON, David , CARRIE, Miller , LOWE, Kenneth , BRIAN,
2
1
1
Lester , SOUTHWORTH, George , BOGLE, Mary Anna , LIANG,
1
Liyuan
(1) Oak Ridge National Laboratory, watsondb@ornl.gov (2).
During past operations at industrial facilities like the Department
of Energy (DOE) Y-12 National Security Complex (NSC), and
Oak Ridge National Laboratory in Oak Ridge, Tennessee, large
quantities of elemental mercury (Hg) were inadvertently released
to the environment resulting in extensive soil and groundwater
contamination. Subsequent transport of Hg into nearby surface
water has resulted in uptake by fish and other biota. The exact
location of past Hg spills and the spatial subsurface distribution of
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Hg at these sites are poorly understood, making it difficult to select
effective remedial actions and assess their potential effectiveness
and cost. The Y-12 NSC site has many aging facilities in need of
decommissioning. One of the largest areas of risk and therefore cost
contingency is related to the uncertainty in the nature and extent of
the Hg releases. The current estimated Hg cleanup cost at the Y-12
NSC is $1 billion, based on the assumption that large volumes of
mercury contaminated soils will have to be stored, treated and/or
disposed in landfills. Development and demonstration of reliable
measurement tools that can detect and help quantify the nature
and extent of mercury in the subsurface are needed to reduce these
uncertainties and increase the effectiveness of remedial actions.
Our recent laboratory and field tests at the Y-12 NSC have shown
that sampling and analysis of Hg vapors in the shallow subsurface
(<0.3 m depth) can be an excellent indicator of the location and
extent of Hg(0) releases in the subsurface. We constructed a rigid
PVC pushprobe assembly, which was driven into the ground.
Soil gas samples were collected through a sealed inner tube of the
assembly and analyzed immediately in the field with a Jerome or
Lumex Hg analyzer. Time-series sampling showed that Hg vapor
concentrations were fairly stable over time suggesting that the vapor
phase Hg was not being depleted and that the results were not very
sensitive to the purge volume. Controlled head space analysis of Hg
contaminated core material in the laboratory provided data on the
Hg vapor concentrations that indicate the presence of Hg(0). Hg
vapor data collected at over 200 pushprobe locations at 3 different
release sites correlated well to areas of known Hg(0) contamination.
These results suggest that soil gas sampling and analysis can be
conducted rapidly and inexpensively at a large scale to help identify
areas contaminated with elemental Hg.

RG8-P7
STUDY ON INPUT APPROACH OF RANA CHENSINENSIS
WITH METHOD OF STABLE ISOTOPE
1

1

WEI, Wang , NING, Wang
(1) Northeast Normal University, wangw014@nenu.edu.cn
In the researched area of gold mine in Weisha River basin of the
upper reaches of Songhua River in the northeast of China, water
and sediments samples from the river, plants, insects and Rana
chensinensis samples along the river have been collected respectively
in spring and autumn in 2009. The process of pretreatment
of samples are: plants samples were dried and ground; insect
samples were freeze-dried, ground and defatted; Rana chensinensis
samples were dissected, freeze-dried, ground and defatted. After
pretreatment of samples, carbon and nitrogen isotope ratio of the
samples have been tested using Finnigan MAT Delta V Advantage
and Germany elemental analyzer Flash EA1112HT instrument, then
issues such as food composition of Rana chensinensis and nutrients
transfer in the food chain have been researched, and nutritional
structure of food chain of plant - insect – Rana chensinensis has been
discussed, and methylmercury levels in these samples have been
determined, and then correlation between methylmercury level
and isotope ratio has been analyzed in the end. The results show:
δ13C and δ15N appeared enrichment with increasing of trophic
level, and δ15N increased 3.7 ‰ on average from the producers
(plants) to primary consumers (insects), and δ13C increased 1.02
‰ on average from primary consumers (insects) to secondary
consumers (Rana chensinensis), which showed that the food chain
structure of Rana chensinensis terrestrial environment was plants
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- locust – Rana chensinensis, besides, methylmercury in visceral
of Rana chensinensis was positively correlated with δ13C, and the
2
correlation coefficient R is 0.7507. It shows that methylmercury
has bioaccumulated along the food chain, and mercury released
from local gold mine has transformed into methylmercury and
entered into the food chain structure of plant - locust - frog. The
conclusions are: it can obtained that the food chain structure of
Rana chensinensis terrestrial environment was plants - locust – Rana
chensinensis based on the determination of stable isotope. Mercury
and methylmercury in visceral of Rana chensinensis was positively
correlated with δ13C, which showed that mercury and other
pollutants have bioaccumulated and the input approach was along
trophic levels of the food chain.

MG14-O12
METHYLMERCURY EXPOSURE AND ADVERSE
CARDIOVASCULAR EFFECTS IN AN ELDERLY FAROESE
POPULATION
1

2

3

WEIHE, Pal , CHOI, Anna L , BUDTZ-JORGENSEN, Esben ,
4
5
SALONEN, Jukka T , TUOMAINEN, Tomi-Pekka , MURATA,
6
1
7
Katsuyuki , NIELSEN, Hans Petur , PETERSEN, Maria Skaalum ,
8
GRANDJEAN, Philippe
(1) Faroese Hospital System, pal@health.fo (2) Harvard School of
Public Health; (3) University of Copenhagen; (4) Oy Jurilab Ltd.,
University of Kuopio; (5) University of Kuopio; (6) Akita University
School of Medicine; (7) University of Southern Denmark; (8) Harvard
School of Public Health; University of Southern Denmark.
Methylmercury is a worldwide contaminant found in seafood and
freshwater fish. It is a well-established neurotoxicant that can have
serious adverse effects on the developing nervous system. Recent
evidence has suggested that methylmercury may promote or
predispose to the development of heart disease. We examined 713
Faroese residents aged 70-74 years (64% of eligible population) to
assess possible adverse effects within a wide range of methylmercury
exposures from the consumption of pilot whale meat. Exposure
levels were assessed from mercury analysis of whole blood obtained
at the time of clinical examination. Outcome measures include heart
rate variability (HRV), blood pressure (BP), and common carotid
intima-media thickness (IMT). Multiple regression analyses were
carried out to determine the confounder-adjusted effect of mercury
exposure. Serum long-chain n-3 polyunsaturated fatty acids were
also included in the models to adjust for the essential nutrients
in fish and seafood which may counteract the adverse effects of
mercury. The blood mercury concentrations had a geometric mean
of 13.7 μg/L, with a total range of 0.98 to 241 μg/L. The results
suggest adverse mercury effects on BP and IMT, although some of
the associations were only close to significance. Adjustment with
PCB, source of exposure from the consumption of whale blubber,
did not substantially change the effects. Further analysis with
structural equation models will be performed to take into account
the correlations among related outcome measures, categorizing
them in groups to derive latent response variables.

RS1-P3
SOURCES OF GASEOUS OXIDIZED MERCURY AND
MERCURY DRY DEPOSITION AT TWO SOUTHEASTERN
U.S. SITES
1

2

3

WEISS-PENZIAS, Peter , GUSTIN, Mae S. , LYMAN, Seth N.
(1) University California, Santa Cruz, pweiss@ucsc.edu (2) University
of Nevada, Reno; (3) University of Washington, Bothell.
Wet deposition measurements have shown that relative to other
sites in the US, the southeastern region has the highest mercury
(Hg) inputs. The source of this Hg has been investigated by multiple
researchers and is suggested to be derived from local, regional and
global sources. Here we focus on trying to understand potential
sources of Hg to this area during periods dominated by dry gaseous
oxidized mercury (GOM) deposition. Dry deposition of Hg to
a surrogate surface was measured in conjunction with speciated
atmospheric Hg, and ancillary parameters from September 2007
through September 2008 at two sites located within 25 km of coalfired power plants (CFPPs): Yorkville, GA, and Pensacola, FL. Mean
weekly Hg dry deposition, daily gaseous oxidized mercury (GOM)
and daily sulfur dioxide (SO2) concentrations were significantly
(P < 0.01) higher at the Yorkville site by factors of 1.5, 2.0, and 1.8,
respectively, likely due to the large size of a nearby CFPP.
At both sites, GOM and SO2 concentrations were significantly
correlated (P < 0.05) in every season on hourly and daily
timescales. Wind rose diagrams showed enhanced GOM and
SO2 concentrations occurred when air moved to the sites from
the direction of the local CFPPs. Most periods of enhanced GOM
concentrations ([GOM] > 98th percentile), were also associated with
NOy/SO2 ratios that were within 25% of that reported for the local
CFPPs (N = 27 of 33 at Yorkville, N = 18 of 26 at Pensacola).
During these events, mean GOM/SO2 enhancement ratios were
3.1 ± 1.4 and 3.2 ± 1.4 pg m-3 ppb-1 for Yorkville and Pensacola,
respectively (range = 0.5 - 5.5). The remaining events had higher
GOM/SO2 ratios due to 3-4 times lower SO2 concentrations. These
events occurred primarily in the spring, coinciding with a period
of enhanced Hg dry deposition at both sites. The potential sources
of GOM during the latter periods were investigated using gridded
frequency distributions of 72-h atmospheric back trajectories
for both sites. During these periods air transport was from the
northwest, with a component from above the mixed boundary layer,
and with little precipitation along the trajectory paths. Based on
the GOM/SO2 ratios, approximately 30% and 67% of the Hg dry
deposited during these events was derived from sources outside of
the region.

FS3-O3
SPECIATED MERCURY AND DRY DEPOSITION
OBSERVATIONS AT AMNET SITE CA48 (ELKHORN
SLOUGH) COMPARED WITH TGM MEASUREMENTS ON
THE R/V ATLANTIS DURING CALNEX 2010
1

2

WEISS-PENZIAS, Peter S. , GUSTIN, Mae S.
(1) University of California, Santa Cruz, pweiss@ucsc.edu (2)
University of Nevada, Reno.
As part of the Atmospheric Mercury Network (AMNet), a site
on the central California coast (Elkhorn Slough – CA48) was
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established in March 2010 for monitoring atmospheric mercury
species (GEM, GOM, PBM2.5, and mercury dry deposition to
a surrogate surface). Data from an annual cycle at this site are
presented along with total gaseous mercury (TGM) data taken
onboard the R/V Atlantis during the NOAA/CARB CalNex 2010
campaign to investigate the behavior of atmospheric mercury
in California. Mean speciated mercury concentrations at CA48
between March-December 2010 were: GEM = 1.44 ± 0.14 ng/m3,
GOM = 0.8 ± 1.0 pg/m3, and PBM2.5 = 2.4 ± 2.3 pg/m3. These
values demonstrate that the site is characteristic of the marine
boundary layer, with little influence from local emissions sources
and little photochemical production of GOM. Dry deposition to
a surrogate surface was measured weekly from September 2009
– November 2010 at CA48 and an average flux of 0.26 ± 0.16 ng/
m2/hr was found. This value compares closely to dry deposition
measurements obtained at other coastal sites in the US and is
consistent with low concentrations of GOM. In contrast with the
observations at Elkhorn Slough, TGM concentrations were elevated
at many locations off the coast of Los Angeles where there are
several large mercury point sources including an incinerator and oil
refineries. On three occasions when the ship was within 1 km of a
large incinerator, TGM concentrations were 6-7 ng/m3. Using 2008
emissions inventories for the criteria pollutants (CO, SO2, NOx) and
the observed plume enhancement ratios with TGM, the mercury
emissions flux from this incinerator was estimated to be 11.5 kg/y.
This is about 6 times lower than the published mercury emissions
inventory for this facility. On seven additional occasions along the
Los Angeles coastline, TGM enhancements were observed along
with the criteria pollutants, and these air masses were typical of
well-mixed pollutant outflow from the Los Angeles basin with TGM
concentrations < 2.5 ng/m3. In general however, TGM enhancement
events (> 1.7 ng/m3) were uncommon throughout the ship track, as
indicated by a mean TGM concentration of 1.39 ± 0.17 ng/m3. This
suggests that California mercury emissions may play a small role in
determining mercury concentrations in the coastal atmosphere of
California.

TS14-P3
METHYLMERCURY IN PLANKTON ON THE CONTINENTAL
MARGIN OF THE NORTHWEST ATLANTIC OCEAN
1

2

WELLER, Robbie , FINIGUERRA, Michael , FITZGERALD,
2
1
William F. , HAMMERSCHMIDT, Chad R.
(1) Wright State University, weller.20@wright.edu (2) University of
Connecticut.
Accumulation by plankton is a key process influencing the trophic
transfer of monomethylmercury (MMHg) in aquatic food webs
and its levels in fish. Although humans are exposed to toxic MMHg
principally by the consumption of seafood, there is a near absence
of information on MMHg distributions in marine phytoplankton
and zooplankton. As part of a comprehensive study of mercury and
MMHg cycling on the continental margin of the northwest Atlantic
Ocean, we are investigating the spatial and temporal variability
of MMHg in planktonic communities, bioconcentration factors
of MMHg between water and phytoplankton, trophic transfer
between phyto- and zooplankton, and differences in MMHg
bioaccumulation among size fractions of zooplankton communities.
Phytoplankton and zooplankton were sampled with trace-metal
clean techniques from 31 locations ranging from near-shore waters
(e.g., Cape Cod Bay) to remote stations near the offshore extent
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of the continental margin during three oceanographic cruises in
2008–2010. Preliminary results suggest that MMHg in primary
producers (i.e., phytoplankton) is related to the amounts in filtered
water, which is indicative of a relatively constant bioconcentration
factor. Additionally, MMHg increases in concentration within the
planktonic community from primary producers to grazers and
differs among size fractions of the zooplankton community. Results
of this study will improve our knowledge of environmental and
biological factors influencing MMHg incorporation into marine
food webs and help constrain oceanic budgets and cycling models of
this contaminant.

MG14-O5
UMBILICAL CORD BLOOD METHYL AND INORGANIC
MERCURY CONCENTRATIONS AND THEIR
RELATIONSHIP WITH PONDERAL INDEX
1

2

2

WELLS, Ellen M , JARRETT, Jeffrey M , VERDON, Carl P ,
2
2
3
WARD, Cynthia D , CALDWELL, Kathleen L , WITTER, Frank R ,
4
5
HALDEN, Rolf U , GOLDMAN, Lynn R
(1) Case Western Reserve University, ellen.wells@case.edu (2) US
Centers for Disease Control and Prevention; (3) Johns Hopkins School
of Medicine; (4) Arizona State University; (5) George Washington
University School of Public Health and Health Services.
Although the toxicity of mercury is species dependent, most studies
only measure total and not speciated mercury. In this crosssectional study, we measured speciated mercury in umbilical cord
blood among 300 newborns and compared these concentrations
with birth outcomes. Methyl mercury (MeHg), inorganic mercury
(IHg) and ethyl mercury (EtHg) were measured using inductively
coupled plasma mass spectrometry (ICP-MS). Only 2 out of 300
individuals had observable levels of EtHg. MeHg and IHg were both
lognormally distributed. We used values above the detection limit
(MeHg: 84%, IHg: 22%) and observable values below the detection
limit (MeHg: 8%, IHg: 46.7%). We imputed lower values using the
lowest observed measurement divided by √2. Geometric means
for MeHg and IHg were 0.94 μg/L (95% confidence interval: 0.84,
1.06) and 0.12 μg/L (0.09, 1.45) respectively. A multivariable linear
regression model for ponderal index included both MeHg and
IHg and controlled for maternal age, primiparity, prepregnancy
body mass index, race, smoking, hypertension, diabetes, infant
gestational age as well as umbilical cord serum selenium and fatty
acids (n=271). Each unit increase of ln(MeHg) was related to a
3*
statistically significant decrease in ponderal index of -0.04 g/cm 100
(-0.08, -0.003), whereas each unit increase of ln(IHg) was related to
an statistically significant increase in ponderal index of 0.02 (0.001,
0.04). Limiting the analysis to values that were above the detection
limit or observable for MeHg and IHg (n=182) strengthened the
relationship of MeHg and attenuated the relationship of IHg with
ponderal index. The direction of the relationship of MeHg or IHg
with ponderal index was the same when only one mercury species
was present in the model, but the relationships were no longer
statistically significant. There was no indication of interaction
between selenium and mercury in this analysis. These results suggest
the relationship of mercury with ponderal index could be dependent
on mercury species.
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RS1-P11

WS1-O3

DATA COMPARABILITY FOR NINE INTERNATIONAL
MERCURY LABORATORIES IN UNITED STATES, CANADA,
AND EUROPE, 2004-09

NATIONAL ATMOSPHERIC DEPOSITION PROGRAM
/ MERCURY DEPOSITION NETWORK QUALITY
ASSURANCE FOR EVALUATION OF SPATIAL AND
TEMPORAL TRENDS

1

WETHERBEE, Gregory
(1) U.S. Geological Survey, Branch of Quality Systems, wetherbe@usgs.
gov
A U.S. Geological Survey (USGS) inter-laboratory comparison
program provides independent quality assurance of total-mercury
(Hg) concentrations in wet-deposition samples for the National
Atmospheric Deposition Program (NADP) / Mercury Deposition
Network (MDN). The program quantifies Hg-concentration
analysis variability and bias among participating laboratories
that provide data for global Hg fate and transport modeling.
Participating laboratories include: Frontier Global Sciences [1]
(FGS), USA; official Mercury Analytical Laboratory for MDN; ACZ
Laboratories, USA; Atlantic Laboratory of Environmental Testing
(ALET), Canada; Flett Research, Ltd. (FRL), Canada; Swedish
Environmental Institute (IVL), Sweden; North Shore Analytical
(NSA), USA; Northern Lake Service (NLS), USA; Flemish Institute
for Technological Research (VITO), Belgium; and USGS Wisconsin
Mercury Laboratory (WML), USA. All laboratories analyze Hg in
water using methods equivalent to USEPA Method 1631.
Friedman’s test indicated at least one laboratory’s results were
significantly different from at least one other laboratory for
paried comparisons of Hg-concentrations during 2007-09
(nine laboratories), but not during 2004-06 (six laboratories) at
the alpha=0.05 significance level. A non-parametric multiple
comparison test indicated significant (alpha=0.05) differences
between selected pairs of laboratories, but not for any laboratory
paired with FGS. Parametric analysis of variance indicated
no significant (alpha=0.05) difference between reported mean
concentration values from each laboratory and mean concentrations
determined from the remaining laboratories.
Percentages of reported-minus-most probable value (MPV)
differences outside +3 f-pseudosigma statistical control limits
for each laboratory ranged from 0-24 percent (where: 1
f-pseudosigma=interquartile range • 0.7413). Comparison of the
percentages indicated relative data variability within laboratories
in the following order: FRL<VITO<IVL<WML<ALET<NSA<FG
S<NLS<ACZ. Comparison of the ratios of individual laboratory
f-pseudosigma to f-pseudosigma for all laboratories combined
revealed relative data variability among laboratories in the order:
FRL<IVL<VITO<FGS<WML<ALET<NSA<NLS<ACZ.
Annual z-values ([laboratory median reported value-MPV]/
[interquartile range for all laboratories combined • 0.7413])
indicated less variability among laboratory results for the lowconcentration (6 ng/L) solutions and greater variability between
laboratories with increasing concentrations in the range 9 - 22
ng/L. Although statistically significant (alpha=0.05) interlaboratory
differences exist, median annual reported-minus-MPV Hg
concentration differences among the laboratories was 0.92 ng/L over
the test-solution concentration range of 6 - 22 ng/L, and the median
laboratory-specific f-pseudosigma was 0.68 ng/L, indicating that
inter-laboratory bias and variability are low.

1

2

WETHERBEE, Gregory A. , RHODES, Mark F.
(1) U.S. Geological Survey, Branch of Quality Systems, wetherbe@usgs.
gov (2) Univ. Illinois, IL State Water Survey, NADP Program Office.
The National Atmospheric Deposition Program’s (NADP) Mercury
Deposition Network (MDN) benefits from the activities of both
internal and external quality-assurance (QA) programs. The
internal program operates within the NADP’s Program Office (PO)
and within its contract laboratory. The external program is operated
by the U.S. Geological Survey’s Branch of Quality Systems (USGS/
BQS).
MDN samples are analyzed for total mercury (Hg) by the Mercury
Analytical Laboratory (HAL) at Frontier Global Sciences, Inc. [3]
(Seattle, WA). The USGS MDN Inter-laboratory Comparison program quantifies variability and bias in MDN analyses for comparison with laboratories in USA, Canada and Europe. HAL’s analytical
bias is -1 nanograms Hg per liter (ng /L), over the analytical range
of 6 to 24 ng/L, relative to participating laboratories. HAL ranked
fourth out of nine laboratories in interlaboratory variability. Results
of a USGS Blind Audit program, which monitors HAL’s performance using double-blind QA samples (disguised as field samples),
confirms this bias.
System Blank Program results indicate that average Hg
contamination in MDN samples is less than the second percentile
of field sample concentrations. Source(s) of this contamination have
not yet been identified in the field or laboratory.
Analysis of MDN field data suggests that sample loss through
evaporation can impact data quality. Preliminary results
suggest that sample evaporation can reduce measured total Hg
concentrations by as much as 50 percent.
Co-located sampler configurations at operating MDN sites are used
to estimate overall variability in MDN data. Annual precipitationweighted mean Hg concentrations have a statistically significant
(a=0.05) measurement resolution of +2 ng Hg/L over the entire
range of field concentrations.
Results from each of these programs are available on the USGS/BQS
website. Without these programs, the quality of MDN data would
be unknown, and potential environmental spatial and temporal
patterns could not be discerned from measurement variability and
bias.
[3] Firm or trade names mentioned herein are for identification
purposes only and do not constitute endorsement by the U.S.
government.

[1] Firm or trade names mentioned herein are for identification
purposes only and do not constitute endorsement by the U.S.
government.
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MG2-O13

TS5-O1

STABLE HG ISOTOPE RATIOS IN SEDIMENTS
CONTAMINATED BY LOCAL INDUSTRIAL POLLUTION
SOURCES IN SWEDEN

MERCURY IN THE LAURENTIAN GREAT LAKES REGION—
INTRODUCTORY OVERVIEW

1

2

2

WIEDERHOLD, Jan G. , SKYLLBERG, Ulf , DROTT, Andreas ,
3
4
BOURDON, Bernard , KRETZSCHMAR, Ruben
(1) ETH Zurich, Institute of Biogeochemistry and Pollutant Dynamics,
Soil Chemistry and Institute of Geochemistry and Petrology, Isotope
Geochemistry, wiederhold@env.ethz.ch (2) Swedish University of
Agricultural Sciences, Umeå, Forest Ecology and Management;
(3) ETH Zurich, Institute of Geochemistry and Petrology, Isotope
Geochemistry; (4) ETH Zurich, Institute of Biogeochemistry and
Pollutant Dynamics, Soil Chemistry.
Mercury pollution from industrial sources is a widespread
environmental problem due to the extensive use of Hg in various
industrial processes. Soils and sediments represent important sinks
for anthropogenic Hg, but source allocation and predictions on
the long-term fate of Hg in contaminated ecosystems often remain
difficult. Recent analytical advances resulted in the discovery of
variable Hg isotope ratios caused by mass-dependent (MDF) and
mass-independent fractionation (MIF). Thus, stable Hg isotope
signatures provide a promising new tool to trace sources and
transformation processes in biogeochemical Hg cycling in nature.
Here, we present Hg isotope data from sediments which were
collected in the vicinity of local industrial sources in Sweden.
Most of the samples were affected by elemental Hg pollution,
mainly from the chlor-alkali process, whereas other samples were
contaminated with phenyl-Hg used as a preservative in the pulp
and paper industry. The sampling sites further exhibited a range of
environmental conditions from freshwater lakes to brackish water
estuaries with different climatic conditions and biological activities.
The samples have been previously characterized (Skyllberg et al.,
2007, Ambio 36: 437-442) and assessed for their Hg methylation
potential (Drott et al., 2008, ES&T 42: 153-158).
The sediment samples were digested with aqua regia and Hg isotope
ratios were analyzed by CV-MC-ICPMS (Nu Plasma) using Tl mass
bias correction and standard bracketing (Wiederhold et al., 2010,
ES&T 44: 4191-4197). The results exhibited significant variations
202
in Hg isotope signatures ranging from -2.1‰ to -0.2‰ in δ Hg
(MDF) relative to NIST-3133. In contrast, only small MIF effects
199
with variations of ~±0.1‰ in δ Hg were detected. The sampling
sites could be distinguished based on their ranges in  202Hg
suggesting that different Hg isotope source signatures were emitted.
202
The lightest MDF signatures with a δ Hg range of -1.5‰ to -2.1‰
were measured in the sediments of a brackish water estuary which
also exhibited the highest Hg concentrations (>200 mg kg-1) and
in which traces (<5%) of remaining elemental Hg were detected.
202
In addition, the variability of δ Hg values from different depths
of a sampling site of up to 0.8‰ points toward mass-dependent
fractionation which occurred after the contamination and which
could be potentially used to trace Hg transformation processes at
the sites.
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WIENER, James , EVERS, David , WILLIAMS, Kate
(1) University of Wisconsin-La Crosse, wiener.jame@uwlax.edu (2)
BioDiversity Research Institute.
This session will examine mercury contamination and its ecological
effects in the Laurentian Great Lakes region of North America, an
area with substantial aquatic resources and mercury-contaminated
landscapes, fish, and wildlife. Much of the session will focus
on results of a synthesis of multimedia data on mercury from
monitoring programs and research investigations across the Great
Lakes region—an effort involving two bi-national workshops
sponsored by the Great Lakes Air Deposition program. Geographic
coverage of this synthesis included the Laurentian Great Lakes
and inland waters in Illinois, Indiana, Michigan, Minnesota,
New York, Ohio, Ontario, Pennsylvania, Quebec, and Wisconsin.
Analyses of dated lacustrine sediments show a consistent regionwide decrease in sedimentary mercury accumulation since the
late 1980s, suggesting that controls on local and regional mercury
emissions have reduced the supply of mercury to inland lakes across
the region. Trend analyses, however, indicate that methylmercury
exposure has increased in some piscivorous fish and wildlife since
the 1990s or early 2000s in parts of the region. The factors causing
recent increases in bioaccumulation of methylmercury in some
areas of the Great Lakes region are poorly understood, but the
observed temporal patterns imply that changing environmental
conditions in some areas have increased the bioavailability of
mercury for methylation or entry (as methylmercury) into aquatic
food webs. Featured presentations in this session will examine
spatiotemporal patterns in wet and dry atmospheric deposition of
mercury, bioaccumulation of mercury in fish and piscivorous birds,
assessments of risks to fish and wildlife, and policies concerning
mercury in the Great Lakes region.

TS5-P1
TOXICOLOGICAL SIGNIFICANCE OF MERCURY IN
YELLOW PERCH IN THE LAURENTIAN GREAT LAKES
REGION (NORTH AMERICA)
1

1

WIENER, James G. , SANDHEINRICH, Mark B. , BHAVSAR,
2
3
4
Satyendra P. , BOHR, Joseph R. , EVERS, David C. , MONSON,
5
6
Bruce A. , SCHRANK, Candy S.
(1) University of Wisconsin-La Crosse, Wiener.jame@uwlax.edu (2)
Ontario Ministry of the Environment; (3) Michigan Department of
Natural Resources; (4) BioDiversity Research Institute; (5) Minnesota
Pollution Control Agency; (6) Wisconsin Department of Natural
Resources.
We assessed the potential toxicological significance of
methylmercury in yellow perch Perca flavescens, a fish important
in the trophic transfer of methylmercury to piscivores in many
lentic waters of the Laurentian Great Lakes region. Our principal
objectives were (1) to compare mercury concentrations in whole
yellow perch to dietary concentrations associated with reduced
health and reproduction of common loons Gavia immer, a fisheating bird that forages selectively on yellow perch, and (2) to
compare concentrations of mercury in fillets of yellow perch
to criteria established to protect the health of humans who eat
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wild fish. Data on total mercury in yellow perch were compiled
from provincial and statewide monitoring programs in Ontario,
Michigan, Minnesota, and Wisconsin. The data were restricted to
fish collected in 1990 or later and analyzed individually as samples
of axial muscle, skin-on fillet, or whole fish. The final database
contained information on 6452 yellow perch, including 4340 fish
from inland lakes and reservoirs and 2112 from the Great Lakes.
Data for axial muscle and skin-on fillets were classified as “fillets”,
and an equation derived from data on yellow perch from Kejimkujik
National Park (Nova Scotia, Canada, Wyn et al. 2010) was used
to derive estimates of the mercury concentration in both whole
body and fillet for each fish. The database contained records for
2721 fish within the estimated size range (weight < 100 g or total
length < 19 cm) of prey fish eaten by common loons; 1080 of these
fish were from 110 water bodies in the US, and 1641 were from
146 waters in Ontario. Mean concentrations in whole perch (<19
cm) from 18 (7%) of these 256 waters exceeded 0.16 μg/g wet
weight, an estimated dietary threshold concentration for significant
reproductive effects on loons. Comparisons of mercury levels in
fillets of yellow perch to criteria for human consumption were
limited to fish with total length of 15 cm or greater, the minimum
size of perch typically retained by anglers. Mean concentrations
in fillets exceeded the US Environmental Protection Agency
methylmercury criterion of 0.3 μg/g wet weight in 21 (14%) of 150
US waters. In Ontario, mean concentrations exceeded the provincial
criterion of 0.26 μg/g wet weight in 34 (19%) of 176 waters.
Consumption of yellow perch from many waters of the Great Lakes
region could expose common loons and humans to potentially
harmful levels of methylmercury.

never return to the surface as they would in a lake. Third, water
residence time varies spatially and temporally due to varying depth
and dam operations.
These hydrodynamic processes have been shown to affect dissolved
oxygen concentrations, and we are testing a hypothesis that they can
also affect mercury speciation and transport through Grand Lake,
which is a reservoir of moderate size (~80 km long, ~40 m deep at
the dam) in northeast Oklahoma, USA. We are currently measuring
circulation (T, SC), water chemistry (DO, Fe(aq), Mn(aq), pH),
and mercury speciation (dissolved and particulate total mercury,
dissolved and particulate methylmercury, and dissolved gaseous
mercury) during sampling campaigns in autumn 2010, winter 2011,
spring 2011, summer 2011, and autumn 2011 to assess the effect
of seasonal variations in reservoir circulation on production of
methylmercury and export of total and methylmercury downstream.
The creation of reservoirs has long been understood to promote
mercury methylation due to the flooding of riparian wetlands, but,
if confirmed, our hypothesis will suggest an important additional
pathway for mercury methylation that is relevant for reservoirs long
after their period of initial flooding has passed.

RG15-O9
HABITAT-SPECIFIC FORAGING DRIVES MERCURY
CONCENTRATIONS IN BENTHIC AND LIMNETIC
MORPHOTYPES OF THREESPINE STICKLEBACK IN
BENKA LAKE, ALASKA
1

MG7-P45
EFFECTS OF RESERVOIR HYDRODYNAMICS ON
MERCURY SPECIATION AND TRANSPORT
1

1

WILDMAN, Rich , SHINE, James P.
(1) Harvard University Center for the Environment and Harvard
School of Public Health, rwildman@hsph.harvard.edu
Methylation of mercury, which increases mercury accumulation
in fish and health risks to humans and wildlife, is understood
to occur when anoxic conditions stimulate the growth and
metabolism of anaerobic bacteria. Anoxia occurs in stratified lakes
and reservoirs primarily in hypolimnia or sediment when loads of
settling particulate organic carbon are high and aerobic metabolism
occurs too rapidly for dissolved oxygen to be replenished through
photosynthesis or diffusion from the atmosphere.
The physical circulation of surface water is often a primary driver
of dissolved oxygen concentrations. In lakes, this is primarily
influenced by seasonal changes in surface water temperature.
Heating of surface water in summer promotes stratification and
possibly anoxia in bottom waters, whereas cooling during autumn
leads to sinking of surface water, turning over of the water column,
and increased dissolved oxygen in bottom water. Circulation of
reservoirs is usually considerably more complicated for several
reasons. First, lateral flow from the inflow region towards the dam
is non-negligible (i.e., a river is constantly entering a reservoir
and exiting out the dam) and can include seasonal overflow or
underflow density currents. Second, water is often released out dams
from below the thermocline, which can imply that overflow currents
are forced downwards near the dam or that underflow currents
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WILLACKER, James J. , VON HIPPEL, Frank A. , ACKERLY, Kerri
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2
L. , O’HARA, Todd M.
(1) University of Alaska Anchorage, jjwillac@gmail.com (2) University
of Alaska, Fairbanks.
Mercury (Hg) is a widespread environmental contaminant known
for the neurotoxicity of its methylated form, which bioaccumulates
and biomagnifies in aquatic food webs. Recent studies have shown
elevated Hg concentrations in fish from some remote areas, even
when background levels are low and point source inputs are not
apparent. Additionally, the bioaccumulation and biomagnification
of Hg is known to vary among species utilizing different food webs
within and between systems. We used stable isotopes of carbon
and nitrogen to determine if trophic based differences in Hg levels
between species are also found within a trophically-divergent
species, using benthic and limnetic morphotypes of threespine
stickleback fish (Gasterosteus aculeatus) from Benka Lake Alaska.
The average total Hg concentration in the limnetic morphotype
was nearly double that of the benthic morphotype and total Hg
concentration was strongly correlated with the proportion of
benthic carbon in the diet of individual fish. Limnetic fish had a
higher average trophic position than benthic fish and calculated
biomagnification factors were also greater in the limnetic food web.
In addition, significant sex effects were observed with female fish
of each morphotype having lower Hg concentrations than their
male counterparts, and Hg was present in eggs of both benthic and
limnetic females. These results indicate that both trophic ecology
and sex are important determinants of Hg contamination even
within a single species and lake. Since stickleback are an ecologically
important consumer and a primary prey item for many species of
birds and sportfish, the observed differences between benthic and
limnetic morphotypes likely have important implications for Hg
contamination at higher trophic levels.
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MS20-P4
BIOGEOCHEMICAL MERCURY FRACTIONATION IN
THREE SOUTH AFRICAN WATERSHEDS
1

2

1

WILLIAMS, Chavon , KADING, Tristan , SOMERSET, Vernon ,
3
1
MASON, Robert , LEANER, Joy
(1) CSIR, cwilliams@csir.co.za (2) WHOI; (3) UCONN.
Recent global emissions estimates have proposed South Africa as a
major contributor to the atmospheric mercury inventory through
coal burning and artisanal gold mining. These sources should leave
a regional as well as a global signature. To examine these we present
a comparison of the Limpopo and Olifantsi river watersheds in
northern South Africa where coal burning is an important industry
with the Fish-Tsitskamma river watershed where agriculture is
the dominant economic activity in the region. Total mercury and
methylmercury were measured in sediments, waters, and biota at 17
sites in the three watersheds. In all three regions, mercury levels in
sediment were less than 34 ppb, suggesting no major local sources
in the vicinity of the sites sampled. Nonetheless, higher sedimentary
mercury concentrations were observed in the Limpopo and
Olifants watersheds than in the Fish-Tsitskamma, and the statistical
strength of this difference will be discussed in the presentation.
Total mercury in filtered stream waters typically ranged from 1
-30 pM, with one exception being the Riet River where 80 – 100
pM was measured. Mercury levels in biota show a general trend
of increasing concentration with trophic level and little variation
between study sites. This study was conducted within the framework
of collaboration between the South African Council for Scientific
and Industrial Research (CSIR) and the University of Connecticut,
which brought an additional benefit of fostering intercontinental
communication.

FG9-O10
MERCURY IN NELSON’S SPARROWS (AMMODRAMUS
NELSONI) ON BREEDING AND NON-BREEDING SITES
1

1

WINDER, Virginia , EMSLIE, Steve
(1) UNC WIlmington, vlw3056@uncw.edu
The objective of this study was to quantify mercury availability for
each subspecies of Nelson’s Sparrows (Ammodramus nelsoni) at sites
throughout its annual cycle. We sampled blood, breast feathers and
the first primary feather from sparrows during two non-breeding
seasons in salt marshes near Wrightsville Beach, NC, USA and
during two breeding seasons in wetlands near Grand Forks, ND,
USA (A. n. nelsoni) and James Bay, ON, Canada (A. n. alterus).
Sparrows were sampled at Grand Manan Island, NB, Canada (A.
n. subvirgatus) and J. Clark Salyer National Wildlife Refuge (near
Upham, ND, USA; A. n. nelsoni) during one breeding season. We
pooled data within sites sampled in two seasons because there was
no significant variation due to season in mercury levels for any
tissue. Primary feather mercury was consistently highest of the three
tissues regardless of site and was significantly higher in sparrows
from Grand Forks and Grand Manan than those sampled during
the non-breeding period. Breast feather mercury was higher in nonbreeding sparrows than in breeding sparrows at both James Bay and
Grand Forks. Blood mercury was significantly higher at Grand Forks
than any other site and on average was 2.6 times as high as that for
the second A. n. nelsoni site approximately 260 km away. Inversely,
blood mercury from non-breeding sparrows was significantly
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lower than at any other site, and average mercury levels were only
13% of those at Grand Forks. Significantly lower blood mercury
and higher breast feather mercury in sparrows near Wrightsville
Beach indicate that mercury exposure is lower at this non-breeding
site than at any of the sampled breeding locations. High levels of
mercury availability near Grand Forks appear to be anomalous and
are especially intriguing since selenium levels are also high in this
area. Selenium has been suggested to decrease the magnitude of
bioaccumulation of methylmercury and is also thought to alleviate
mercury toxicity at intermediate levels of selenium exposure.
Further research is necessary to understand why both mercury and
selenium levels are elevated at this site and why high selenium levels
do not appear to be dampening methylmercury bioaccumulation in
this area. Our data provide a better understanding of how and where
Hg exposure may be a threat to Nelson’s Sparrows and other birds
with obligate ties to aquatic systems throughout their annual cycles.

MG7-P27
EMERGENT VEGETATION RESPONSE TO AND INFLUENCE
ON METHYLMERCURY PRODUCTION, EXPORT AND
BIOACCUMULATION FROM RICE-AGRICULTURE AND
MANAGED WETLANDS IN CALIFORNIA’S CENTRAL
VALLEY, U.S.A.
1

WINDHAM-MYERS, Lisamarie , MARVIN-DIPASQUALE,
1
1
1
1
Mark , STRICKER, Craig , FLECK, Jacob , ALPERS, Charles N. ,
1
ACKERMAN, Josh T.
(1) U.S. Geological Survey, lwindham@usgs.gov
Rice agriculture is a significant wetland type globally and in
California, where rice acreage is at least equivalent to naturally
vegetated wetland acreage. A variety of factors appear to contribute
to the relatively high rates of methylmercury (MeHg) production in
California rice fields (>10 pg gdry sed-1 d-1), including: 1) seasonally
pulsed high productivity and subsequent decomposition, 2)
biannual flooding and dessication associated with planting and
harvesting cycles, and 3) elevated concentrations of legacy mercury
(Hg) from historic gold-mining. In order to protect ecological and
human health, there is an identified need in Central Valley wetlands
to limit MeHg export to the Sacramento-San Joaquin watershed, the
major freshwater source to the San Francisco Estuary, and control
MeHg bioaccumulation in situ. The roles of vegetation and sediment
biogoechemistry, plant physiology, and community structure
were examined in 3 types of agricultural wetlands (white rice,
wildrice, and fallow fields) and adjacent managed natural wetlands
(cattail- and bulrush-dominated) with respect to their potential
influences on MeHg production, export and bioaccumulation. A
vegetated:devegetated paired plot experiment demonstrated that the
presence of live plants enhanced rates of mercury methylation by an
average of 380%, primarily through enhanced pools of labile carbon
in the rhizosphere (also about 4-fold greater in vegetated plots),
but also potentially through transpiration-driven re-oxidation of
iron pools. Canopy shading at peak biomass (leaf area index range=
0.8-2.6) significantly reduced aquatic exposure to photosynthetically
active radiation by 40-80%, which may have limited rates of
photodemethylation, thus allowing greater MeHg export. To
account for storage terms in the MeHg export calculations, biomass
and litter MeHg concentrations and pools were measured and
modeled over a full annual crop cycle. Whereas total mercury
concentrations declined in leaves over the growing season, MeHg
concentrations and pools in rice and non-rice vegetation generally
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increased as the growing season progressed. Rice and wildrice
seeds reached mean MeHg concentrations of 4.2 and 6.2 ng gdw-1,
respectively, with seed husks reaching concentrations as high as 9
ng gdw-1. Seed MeHg concentrations were correlated with root MeHg
concentrations (r=0.90), suggesting a direct relationship between
sediment MeHg production and tissue accumulation. Plant biomass
was an insignificant sink of MeHg with respect to seasonal export
from fields, but the apparent redistribution of MeHg into seeds may
be a significant problem for migrating and resident waterfowl with
a rice seed-based diet. In sum, the relative role of vegetation varied
among field types but generally enhanced MeHg production, export,
and potential bioaccumulation.

TG3-P20
AN ASSESSMENT OF THE POTENTIAL SOURCES OF
MERCURY IN THE WESTERN CAPE PROVINCE, SOUTH
AFRICA
1

2

2

WINGROVE, Heinrich , LEANER, Joy , CHETTY, Kamaseelan ,
2
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BAIJNATH-PILLAY, Nitasha , MAKOALA, Millicent , BILL,
2
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Catherine , BARRANTES, Vera , MASON, Robert
(1) Department of Environmental Affairs and Development Planning,
hwingrove@pgwc.gov.za (2) D:EADP; (3) UNITAR; (4) University of
Connecticut, USA.
The 2003 UNEP Governing Council Decision and the 2006 Strategic
Approach to International Chemicals Management (SAICM)
aims at reducing risks to human health and the environment from
the release of mercury and its compounds. In addition, the 2005
UNEP Governing Council Decision supports a Global Mercury
Partnership, while the 2009 UNEP Governing Council Decision
agreed to elaborate on the need to develop a legally binding
instrument on Hg and for UNEP to convene an Intergovernmental
Negotiating Committee (INC), with the mandate to prepare for a
legally binding instrument. In terms of the above, the Department
of Environmental Affairs and Development Planning (D:EADP)
and UNITAR identified the gaps and needs (e.g. legal, financial,
personnel needs etc.) in terms of establishing a Mercury Monitoring
System within the Western Cape. In addition, a Hg Inventory
for Western Cape, which integrates data within the Provincial
Pollutant Release and Transfer Register Framework, was developed.
The database contains information on the potential Hg sources,
including the amount of Hg-containing products produced or
combusted within the Province. The UNEP Toolkit was used to
estimate the Hg emissions from the potential Hg sources. The results
of the Hg emissions estimated are presented and recommendations
are made in terms of Hg research to be undertaken, as well as the
setting up of the Mercury Monitoring System in the Western Cape
Province.

RS13-P6
MERCURY DISTRIBUTION IN THE SOUTHEAST ATLANTIC
OCEAN
1
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Gideon , MATHER, Tamsin , CORNS, Warren , PYLE, David
(1) University of Oxford, melaniew@earth.ox.ac.uk (2) Arhus
University; (3) NOAA/ARL; (4) PSAnalytical.
Despite the importance of the global biogeochemical Hg cycle,
only sparse data are available regarding the distribution of mercury
in the remote atmosphere in the southern hemisphere and there
is currently extremely limited data for Hg levels in the Southern
Atlantic open ocean and water columns in the open ocean.
Studies on Hg levels in the open ocean suggest Hg is present at
very low concentrations (fM−pM) and is subject to a complex
biogeochemical cycling.
In order to better understand the distribution of mercury in
and over remote oceans, measurements were carried out during
October/November 2010 in the South-eastern Atlantic Ocean on
board the RRS Discovery as part of the GEOTRACES project.
Atmospheric measurements were also carried out for several days
while in port in Cape Town, South Africa.
Semi-continuous measurements were made of atmospheric
Hg, speciated as elemental and reactive gaseous Hg (RGM),
to investigate how the environment is responding to changing
emissions of Hg from anthropogenic processes. The inclusion
of RGM in the atmospheric measurements along with surface
measurements of Hg give a better insight into how Hg cycles
between the ocean and atmosphere.
Atmospheric mercury showed a decrease with increasing distance
from South Africa. Full depth profiles have been collected to look
for the distribution of Hg in the different water masses through the S
Atlantic. Comparison of our measurements of Hg in the ocean with
other measurements in the water column (e.g., organic biomarkers)
and known sources of chemical species to the oceans across the
transect (e.g. sediments at the continental margins) will allow us
to build up a greater understanding of Hg behaviour in the water
column.

TG3-O6
THE RELEASE AND FATE OF MERCURY FROM
VOLCANOES AND GEOTHERMAL SOURCES
1
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BAGNATO, Emanuela , MARTIN, Rob
(1) University of Oxford, melaniew@earth.ox.ac.uk (2) University of
East Anglia; (3) Università di Palermo; (4) Queen Mary, University of
London.
Many natural Hg pathways include a recycled component of
anthropogenic material. Volcanoes are a primary emission source
and historical archives such as ice-cores suggest large eruptions can
release quantities of Hg similar to the present anthropogenic burden
[1]. In order to better understand the role of volcanoes in the global
mercury budget a number of field campaigns were carried out to
evaluate the Hg/S ratios in volcanic gases. As observed in studies
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of background air Hg, gaseous elemental mercury (GEM) was
the dominant form in the volcanic gases at the crater edge. While
reactive gaseous mercury (RGM) and particulate mercury (Hg(p))
represent only a few % of the Hg present, concentrations of these
species in volcanic air was several orders of magnitude higher than
levels observed in background and industrial air studies. Recent
modelling suggests that the large amount of reactive gases such
as halogens released in volcanic plumes may lead to generation of
RGM as the plume ages. This would have important implications
in the fate of volcanic mercury. This process was investigated
at Masaya Volcano, Nicaragua. This open vent basaltic volcano
releases an estimated 7 tonnes of Hg to the atmosphere each year.
Measurements were made to determine the RGM, GEM and Hg(p)
in the atmosphere at a number of distances from the crater edge
under the volcanic plume. In addition the removal of mercury from
the atmosphere was investigated via collection of vegetation samples
and wet and dry deposition.
Hg/S ratios were determined and used in conjunction with the
SO2 volcanic flux to estimate Hg fluxes. Hg/S ratios in open vent
-6
-5
emissions at Masaya and Etna were between 10 and 10 . If
representative of other volcanoes, these results suggest degassing of
basaltic magma plays an important part of the global atmospheric
Hg budget.
[1] Schuster, P.F. et al. Environmental Science & Technology,
36(11): 2303-2310 (2002).

RS13-P6
MERCURY DISTRIBUTION IN THE SOUTHEAST ATLANTIC
OCEAN
1
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WITT, Melanie , SKOV, Henrik , BROOKS, Steve HENDERSON,
1
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4
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Gideon , MATHER, Tamsin , CORNS, Warren , PYLE, David
(1) University of Oxford, melaniew@earth.ox.ac.uk (2) Arhus
University; (3) NOAA/ARL; (4) PSAnalytical.
Despite the importance of the global biogeochemical Hg cycle,
only sparse data are available regarding the distribution of
mercury in the remote atmosphere in the southern hemisphere
and there is currently extremely limited data for Hg levels in the
Southern Atlantic open ocean and water columns in the open
ocean. Studies on Hg levels in the open ocean suggest Hg is
present at very low concentrations (fM−pM) and is subject to a
complex biogeochemical cycling. In order to better understand the
distribution of mercury in and over remote oceans, measurements
were carried out during October/November 2010 in the Southeastern Atlantic Ocean on board the RRS Discovery as part of the
GEOTRACES project. Atmospheric measurements were also carried
out for several days while in port in Cape Town, South Africa.
Semi-continuous measurements were made of atmospheric
Hg, speciated as elemental and reactive gaseous Hg (RGM),
to investigate how the environment is responding to changing
emissions of Hg from anthropogenic processes. The inclusion
of RGM in the atmospheric measurements along with surface
measurements of Hg give a better insight into how Hg cycles
between the ocean and atmosphere.
Atmospheric mercury showed a decrease with increasing distance
from South Africa.
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Full depth profiles have been collected to look for the distribution of
Hg in the different water masses through the S Atlantic. Comparison
of our measurements of Hg in the ocean with other measurements
in the water column (e.g., organic biomarkers) and known sources
of chemical species to the oceans across the transect (e.g. sediments
at the continental margins) will allow us to build up a greater
understanding of Hg behaviour in the water column.

TG3-P4
MERCURY IN SOILS ALONG TWO CONTINENTAL-SCALE
TRANSECTS, CANADA AND THE UNITED STATES
1

1

1

WOODRUFF, Laurel G. , CANNON, William F. , SMITH, David B.
(1) U.S. Geological Survey, woodruff@usgs.gov

The North American Soil Geochemical Landscapes Project is a
low-density geochemical and mineralogical soil survey of North
America. A 2004 pilot study consisted of soils collected from
randomly selected sites (average spacing of 40 km) along two
continent-wide transects, one from northern Manitoba to El Paso,
th
TX and the other along the 38 parallel from the Atlantic to the
Pacific Oceans. At each site up to 4 samples were collected: 1) soil
from 0 to 5 cm depth, regardless of horizon; 2) upper organic soil
(O horizon); 3) surface mineral soil (A horizon); and 4) deeper
subsoil (B or C horizon). Eight hundred and thirty soil samples
were analyzed for 44 elements and forms of carbon. Vertical and
spatial distributions of mercury along the transects show influences
from geologic, atmospheric, and anthropogenic mercury sources.
At sites where 0 to 5 cm depth, O-, A-, and C-horizon soils were
collected from a single pit, mercury is invariably highest in the O
horizon compared to other soils, with a median value of 0.12 mg/kg
(range 0.05 to 0.22 mg/kg). Deeper subsoils have the lowest mercury
concentrations, with nearly 60 percent of the samples having values
less than the 0.02 mg/kg lower detection limit, and a median value
of 0.03 mg/kg (range < 0.02 to 0.14 mg/kg). At two sites in the Coast
Range of California and several sites in western Nevada, mercury
is high in all soil samples, reflecting contributions from geologic
soil parent materials in areas with known mercury mineralization
and a history of mercury mining. Lowest overall concentrations of
mercury are across the midsection of the US with the exception of
two sites with anomalously high mercury in topsoils within areas
previously used for animal confinement. Along the west to east
transect, mercury concentrations in topsoils increase from the
midsection of the US to the east coast. In this region, the vertical
distribution of mercury in soil profiles, with highest mercury values
in topsoils compared to deeper soils, is consistent with retention
of atmospherically-deposited mercury by binding to soil carbon.
Normalization of mercury concentrations to carbon concentrations
(linked to climate and land cover/land use factors) indicates that
the spatial distribution of mercury is highly dependent on carbon
concentrations in soils. Thus, at the continental-scale geologic
sources of mercury, climate, land use, and possible local or
regional anthropogenic sources are critical factors controlling the
distribution of mercury in soils.
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RS1-O6

RG15-P6

INVESTIGATION OF MERCURY DEPOSITION AND
SOURCES OF MERCURY INPUT TO THE WESTERN
UNITED STATES FROM THE PACIFIC COAST TO THE
GREAT BASIN

MERCURY CONCENTRATION IN CARNIVOROUS FISH
FROM BENTO GOMES AND PARAGUAY RIVERS IN
PANTANAL WETLAND, BRASIL
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WRIGHT, Genine , GUSTIN, Mae , WEISS-PENZIAS, Peter
(1) University of Nevada, Reno, genine@gmail.com (2) Department of
Natural Resources and Environmental Science University of NevadaReno; (3) Department of Environmental Toxicology University of
California at Santa Cruz.
The Western Airborne Contaminants Assessment Project (WACAP)
showed that fish in eight National Parks of the western U.S. had
mercury(Hg) concentrations that exceeded the threshold for fish
eating wildlife (www.nature.nps.gov/air/Studies/air_toxics/wacap.
cfm). These observations led to the development of this study
focused on investigating air Hg concentrations and potential dry
deposition using newly developed passive samplers and surrogate
surfaces. The primary question being addressed is whether local,
regional or global sources are responsible for the Hg measured in
fish in western parks.
To investigate this question passive and surrogate surface samplers
that measure reactive gaseous mercury (RGM) concentrations
and deposition, respectively, are being deployed along a transect
from the coast of California to the eastern edge of Nevada. Passive
samplers for ozone are also being deployed simultaneously. In
addition, the sampling locations have ancillary meteorological
and air quality data available that will be used along with back
trajectory analyses to better understand the source of air interacting
with each site. Air Hg concentrations will be measured at select
locations using a Tekran 2537a/1120/1135 speciation system for 4-6
weeks to validate sampler data. Sampling locations are, from west
to east, Point Reyes National Seashore, CA; Elkhorn Slough, CA;
Lick Observatory on Mt. Hamilton, CA ; Yosemite National Park,
CA; Sequoia & Kings Canyon National Park, CA; and Great Basin
National Park, NV. Investigation of elevation gradients in RGM
concentration and deposition within select parks during sampling
intensives will allow us to better understand the sources of Hg to
park ecosystems. Data collection started in August of 2010 and will
extend to November of 2011. Thus far, the lowest RGM deposition
and relative concentrations have been observed at the low elevation
coastal sites, Elkhorn Slough and Point Reyes NP. The highest values
have been recorded at Lick Observatory, a high elevation coastal site.
Elemental Hg and RGM concentrations collected using a Tekran
2537A/1130 system during August and September 2010 at Great
3
Basin NP had mean concentrations of 1.48 + 0.62 ng/m and 68 + 51
3
pg/m respectively.
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GMAIL.COM
Mercury is a heavy metal that bioaccumulates in living organisms,
and its concentration increases along subsequent trophic levels;
being highly toxic to humans and wildlife. It is naturally present in
aquatic environments but is also released by human activities such
as industrial and mining waste, amplified by increasing deforestation
and erosion in drainage basins. Mercury methylation determines
the toxicological consequences of antropic-induced release and
the increase of mercury levels in the environment. Mercury levels
are assessed in muscular tissues of fishes, which are consumed by
humans as an important protein source. Samples of muscle, liver
and kidney of 46 individuals of Pygocentrus nattereri, 20 from
Paraguay River, locality of Descalvados (Cáceres – MT) and 26
from Bento Gomes River, Pantanal Mato-Grossense River (Poconé
– MT); and 30 individuals of Crenicichla lepidota, collected in
Bento Gomes River (Poconé – MT), during two seasons (rainy and
dry). Samples (0.05g) were conditioned separately, kept frozen and
subsequently undergone acid digestion; THg concentrations were
determined by atomic absorption spectrometry with Flow Injection
Mercury System (FIMS) and FIAS 400 with AS90 auto-sampler
(Perkin Elmer, USA). All samples had THg concentrations below
-1
0.500 μg.g , which is the safe level established by the World Health
Organisation (WHO). THg concentrations in Pygocentrus nattereri,
-1
-1
however, varied from 0.044 μg.g to 0.468 μg.g , indicating recent
mercury contamination in sampled places with potential danger to
human health. The highest mercury concentrations in Crenicichla
lepidota were quantified with similar values in muscles (112.87 ±
46.3) and livers (110.86 ± 46.26) in the rainy season. During the
dry season, the highest concentrations were found in sampled
livers (0.253 ± 0.098). It is worth noting that, even though THg
concentrations are below the safe level established by WHO,
monitoring this metal is extremely relevant because riverside people
in Pantanal of Mato Grosso have a daily diet of more than 400g of
fish.

MG6-P4
MERCURY POLLUTION IN THE AMBIENT AREA OF GOLD
MINING
1

1

1

XUEJIAO, Liu , NING, Wang , GANG, Zhang
(1) Northeast Normal University, liuxj876@nenu.edu.cn
As the area of the study, Jiapigou goldmine is located in Weisha
River drainage area belongs to the upstream of the Songhua
River, where the environmental samples, such as water, soil,
plants and sediment of Wudaogou, Erdaogou and Shuanghetun
in the researched areas have been collected, and the mercury and
methylmercury pollution levels of the environmental samples
have been determined. Then the results show: the relations of
total mercury and methylmercury contamination levels in the
environmental factors were plants>soil>sediment>water. Based on
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the analysis of data, the contents of mercury in plants are directly
dependent on the total mercury contents in the atmosphere, when
getting into the plants it converse into methylmercury by the
biological methylation. The laboratory plants were perennial woody,
so it could be proved that the methylmercury in plants also be
enriched.
The soil samples collected around the Jiapigou goldmine in October
2009 have been determined and the results show that the largest
content of total mercury in soil is away from the goldmine rather
than at the gold mining point. And it is in conform to the laws of
nature that the contents of the total mercury are higher than those
of methylmercury at each collecting point. However, based on the
data, there is no specific ratio between the total mercury and the
methylmercury. According to the analysis of determinations, the
contents of Hg in the soil not only relate with the source intensity,
but also relate with the PH value, particles size, composition traits
and other factors. After the mercury got into the soil it could be
transformed into methylmercury by the biological methylation. The
process is complex and affected by soil characteristics, so the rate
of the conversion is uncertainty at the present time. Based on the
experiments, the index of geo-accumulation has been applied to
calculate the level of mercury pollution, and the assessment results
show that the mercury pollution level of the 21 selecting points in
the researched region are partial moderately polluted. So it can be
proved that the researched region is under a certain threat of the
mercury pollution.

RG9-P3
CHARACTERISTICS OF METHYLMERCURY POLLUTION
ON THE RANA CHENSINENSIS PERCHING ON THE
UPSTREAM DRAINAGE AREA OF SONGHUA RIVER IN
CHINA
-1

2

2

YAFEN, Li , NING, Wang , GANG, Zhang
(1) Northeast Normal University,China, liyf990@nenu.edu.cn (2)
Northeast Normal University.
In the 1960s, severe mercury contamination of Songhua River
caused by chemical pollution in Northeastern China had raised
worldwide concern. Although the pollution has greatly reduced
in recent years, it is still prominent ascribed to the upstream gold
mining of the Songhua River. In this paper, the Jiapigou gold mine
in Huadian City is selected as the studied area in Jilin Province.
The Rana chensinensis samples as the representative amphibian of
the native river-forest-wetland system have been captured, and the
water and sediment of the river as the representative environmental
factors have been collected. In contrast, samples of the same types
have been collected in Jinchuan of Huinan town which is located in
the Jilin Longwan National Forest Park. The methylmercury (MeHg)
concentrations and the amount of MeHg of these samples have
been determined with the methods of gas chromatography (GC).
Brains, viscera except livers, livers alone, frogspawns, muscles and
skins have been determined respectively to reveal the regularities of
vivo MeHg distribution in the Rana chensinensis. The results show:
1.The higher MeHg concentration in the brains and livers have been
detected; the body weight and snout-vent length (SVL) are both
negatively correlate to the concentration of MeHg, which indicate
the pollutant in organism is diluted as the frog growing in its life
history. 2. The Rana chensinensis in researched area gets a 3.38times
higher of MeHg than the comparison. 3. The contents of MeHg
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concentration in the water and sediment of the river in researched
area are higher than the comparison, and the MeHg concentration
is positively correlates to the distance from the pollutant source.
Furthermore, the highest concentration is in Wudaogou area which
is the furthest to the source. 4. The positively correlation of the
concentration of MeHg between the environmental factors and
organisms of Rana chensinensis suggest the close connection of
each other and the pollutant source of the internal MeHg of Rana
chensinensis.

RG14-O5
VARIATION OF HAIR TO BLOOD RATIO OF MERCURY
FROM INTERVENTION STUDY OF METHYLMERCURY
EXPOSURE
1

1

YAGINUMA-SAKURAI, Kozue , SHIMADA, Miyuki , NAKAI,
1
1
1
Kunihiko , KUROKAWA, Naoyuki , TATSUTA, Nozomi ,
2
1
MURATA, Katsuyuki , SATOH, Hiroshi
(1) Tohoku University Graduate School of Medicine, kozue@ehs.med.
tohoku.ac.jp (2) Akita University School of Medicine.
Methylmercury (MeHg) is an environmental neurotoxicant. In
general, human exposure to MeHg occurs primarily through the
consumption of fish. Because the developmental effects of prenatal
exposure are of special concern, the tolerable weekly intake for
pregnant women (TWI, 2.0 μg/kg BW/week) was proposed in Japan.
However, the validity of the TWI is influenced by assumptions
such as the biological half-life of mercury and the ratio of its
concentration in hair to that in blood. To endorse the validity of
TWI, it would be crucial to clarify the kinetics of MeHg in human
blood and hair in details. We conducted an intervention study of
MeHg exposure to scrutinize the variation of the ratio of the hairto-blood mercury concentration. Twenty-seven healthy volunteers
were exposed to MeHg at the provisional tolerable weekly intake
for Japanese adult (3.4 μg/kg BW/week) through bigeye tuna and
swordfish consumption during the initial 14-week period, and
after that, observation continued for another 15 weeks. Blood
was collected every 1 or 2 weeks. Hair was cut every 4 weeks,
and full-length hair was also cut at the 21st week. The full-length
hair samples of the eight female subjects were cut into 3 ~ 6 mm
segments corresponding to 1 ~ 2 weeks of growth. Total mercury (THg) content of blood and hair were analyzed by CVAAS and CVAFS,
respectively. The T-Hg levels of blood and hair changed significantly
with time (p < 0.001). The peak levels of T-Hg were 26.9 ± 6.8 ng/g
in blood, and 8.8 ± 2.0 μg/g in hair. The calculated biological halflives of T-Hg were 94.1 ± 22.6 days in blood, and 102.2 ± 30.8 days
in hair. The mean ratio of the hair-to-blood T-Hg for entire period
was 345 ± 102 (range 123 ~ 617). The time lag for the transition
from blood to hair was between 1 and 3 weeks. Various patterns
of the change of the ratio of segmental hair-to-blood T-Hg were
observed. t was suggested that the ratio of hair-to-blood T-Hg was
influenced by the time lag or elimination speed, and that large
individual variations existed. For this reason, the uncertainty factor
may have to become larger than the previously used ones to endorse
the safety level in calculating the TWI of MeHg.
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MG14-P31
EFFECT OF METHYLMERCURY ON THE EXPRESSION OF
AQUAPORIN-4 AND -11 IN THE BRAIN OF THE COMMON
MARMOSET
1

1

2

YAMAMOTO, Megumi , SASAKI, Masanori , TAKEYA, Motohiro ,
3
ETO, Komyo
(1) National Institute for Minamata Disease, yamamoto@nimd.go.jp
(2) Kumamoto University; (3) Jushindai.
In an acute model of methylmercury (MeHg) exposure using
common marmosets, the gene expression of aquaporin (AQP)-4
and AQP-11 was examined to understand the relationship between
MeHg exposure and AQP expression in the brain. MeHg (1.5 mg
Hg/kg body weight/day; p.o.) was given to three marmosets for 14
days, followed by no administration for 14 days. All marmosets of
the MeHg-administered group showed slight akinesia immediately
before dissection. In the frontal lobe (prefrontal cortex), occipital
lobe (around the calcarine sulcus), and cerebellum, the mean total
mercury concentration in the MeHg-administrated group (Hg#1,
#2, #3) was 26.7, 31.4, and 22.6 μicrogram/g, respectively. Slight
apoptosis was observed in the cells of the cerebral cortex of the
MeHg-administrated group. Activation of glial fibrillary acidic
protein and Iba1 gene expression in the MeHg-administrated
group was observed compared with the control group.
Immunohistochemistry revealed no apparent difference in AQP-4
expression between the control and MeHg-administrated group. The
ratio of AQP-4 mRNA expression between MeHg-administrated
marmosets (Hg#1, #2, #3) and the mean of the control (n=3) was
1.3, 1.5, and 1.2; 1.7, 1.9 and 1.5; and 1.5, 1.6 and 1.2 for the frontal
lobe, occipital lobe, and cerebellum, respectively. These results
indicated activation of AQP-4 mRNA in each location of the brain.
When all three brain locations were analyzed altogether, the increase
was statistically significant. A significant difference in the expression
of AQP-11 mRNA in each location of the brain was not observed
between control and MeHg-administrated groups. Brain edema was
observed in two (Hg#1, Hg#3) out of three MeHg-administrated
marmosets by pathological macro-analysis (white-matter area in
the image of the brain section); this indicated that the expression
pattern of AQP-4 was not directly correlated with the prevalence of
brain edema. These data indicated that MeHg exposure increased
AQP-4 expression, but it was difficult to show a clear relationship
between the expression of AQP-4 and AQP-11 and brain edema in
this model.

TG7-O14
MERCURY BIOGEOCHEMICAL CYCLING IN RESERVOIRS
IN WUJIANG RIVER BASIN, SOUTHWESTERN CHINA
1

YAN, Haiyu
(1) Institute of Geochemistry, Chinese Academy of Sciences,
yanhaiyu@vip.skleg.cn
Reservoirs are regarded as sensitive ecosystems for Hg methylation
and subsequent MeHg bioaccumulation in food chain. Here, we
present data from six reservoirs with different ages (from 2 years
old to more than 30 years old) in Wujiang River Basin to investigate
mercury biogeochemical cycling. We investigated the input and
output fluxes of total and methyl mercury for all reservoirs to
establish a mass balance of mercury for all reservoirs. We found
that all reservoirs are the sink for total Hg. We found that newly
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built reservoirs are the sink of MeHg as well, but old reservoirs
are the source of MeHg. We identified that low organic matter
content in flooded soil and high pH of water are the main reasons
resulting in low MeHg production in reservoir. Eutrophication of
reservoirs could result in elevated MeHg production in reservoirs.
Aquaculture activity in reservoir is one of the major driving
forces of eutrophication of reservoirs in Southwestern China. We
investigated the distribution of Hg species in water column and
sediment profiles in these reservoirs. We found that organic matter
content in sediments which is governed by the primary production
of the reservoirs controls the net mercury methylation rates. For
newly built reservoirs, organic matter content is low, which is not in
favor of Hg methylation. With increase of ages of reservoirs, organic
matter content in sediment increased, and mercury methylation
process started to increase. Hg methylation processes occurred
in the surface of the sediment. This observation is different from
those observed in North America and Europe, where elevated Hg
methylation processed were observed in newly built reservoirs.

MG7-P24
WHAT DOES A DECADE-LONG STUDY TELL US
ABOUT THE REMEDIATION OF A HG-CONTAMINATED
RESERVOIR?
1

1

2

3

YAN, Haiyu , FENG, Xinbin , LIU, Bian , WANG, Cuiping , LI,
4
2
Qiuhua , DOMINIK, Janusz
(1) Chinese Academy Of Sciences, yanhaiyu@vip.skleg.cn (2)
University of Geneva; (3) Guizhou University; (4) Guizhou normal
University.
The combination of control the pollution sources and dredging the
sediments are common ways to clean up the contaminants such as
mercury (Hg) in an aquatic system. However, dredging can often
cause a sharp pulse of increased transfer of contaminants from the
sediment to the water column, which requires a relatively long time
for the system to reach the new equilibrium with desired results.
Here, based on our six field studies during 2000-2010 in a Hgcontaminated reservoir (Baihua Reservoir), we suggest that control
the sources of Hg pollution without dredging is a better option for
the recovery of the reservoir.
Baihua Reservoir is historically contaminated with Hg discharged
from Guizhou Organic Chemical Plant (GOCP) from 1970 to 1997.
During the past 20 years, actions that have been taken to reduce
the Hg pollution include updating the technology of GOCP and
controlling surrounding pollution sources without any treatment
of the reservoir sediment. Over the ten years of our study period,
we found that the concentrations of mercury species in the water
column and the sediment showed a sharp decreasing trend with
the highest total Hg concentration in the water column changing
from 153ng/L in 2000 to 5ng/L in 2010. In addition, we found
low methylation rate and low fish mercury level (< 0.1mg/kg wet
weight). Our data suggests that in this reservoir mercury in the
water column tends to settle into the sediment and the transfer
of mercury from the sediment into the water column is limited.
Therefore, the most effective remediation method for Baihua
Reservoir appears to be the control of the discharge sources and
dredging of the sediment is not recommended.
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TG3-P18
VARIATION OF DISSOLVED GASEOUS MERCURY (DGM)
CONCENTRATION AFFECTED BY ENVIRONMENTAL
FACTORS IN REAL AND LABORATORY CONDITIONS
1

2

YANG, Ji Hae , HAN, Young ji
(1) Kangwon national University, sohyanglove@hanmail.net (2) .
It is noted that dissolved gaseous mercury undergoes volatilization
process from water surfaces including lake and ocean. In aquatic
system Hg experiences oxidation and reduction mechanisms, and
0
Hg (which is mostly regarded as DGM) is often produced by biotic
and abiotic processes. For abiotic process solar radiation has been
suggested to be the most important factor and other parameters
including pH, DO, and DOC also affected to Hg reduction in
previous researches. However how these factors quantitatively
affect to Hg reactions (and resulting DGM concentration) has not
been identified. Reduction mechanism by solar radiation can be
0
expressed as the following. Hg(II) + photo-reductants → DGM(Hg )
+ photo-oxidants
Since solar radiation significantly influences on DGM production
DGM concentration often shows diel pattern, increasing during
daytime and decreasing during nighttime in previous studies.
In this presentation, we will report the relationship of DGM
formation with controlling factors such as solar radiation, UV,
pH, temperature, ionic substances and DOC (dissolved organic
carbon) both for environmental field (including lakes and ocean)
and in laboratory. We used semi-real time DGM analysis system
consisting of Tekran 2537B (sample flow=1.5 L/min) and dual pump
(CPKS 600) to continuously determine DGM concentrations in
water. In this study DGM concentrations were measured to be 1.4
± 1.1 pg/L in small pond( 2010.9.29~2010.10.5), 51.1 ± 34.5 pg/L
in the large artificial reservoir (2006.5~2007.2), and 2.7 ± 2.3 pg/L
in Yellow Sea ( 2010.5.27~28). In both pond and ocean surfaces
DGM concentration and solar radiation showed very similar
diurnal pattern (p-value<0.01), however in artificial reservoir
DGM concentration followed the variation of solar radiation only
during winter time. On the other hand there was no significant
2
relationship between DGM and pH (r =0.0007) or between DGM
2
and water temperature (r =0.0021) in pond and ocean surfaces.
In laboratory chamber study we have analyzed DGM variation by
changing UV radiation under controlled temperature, pH, and
other parameters, after injecting 1 ppm Hg standard solution into
distilled water bottle. When UVA and UVB lights were turned on
DGM concentration showed dramatic increase. However DGM
concentrations continuously decreased when UVC light was being
turned on.

RG11-P7
IN-SITE MEASUREMENT FOR TRANSPORT OF TRACE
MERCURY BY HIGHLY- FREQUENT WATER SAMPLING IN
MINAMATA BAY
1

YANO, Shinichiro
(1) Kyushu University, yano@civil.kyushu-u.ac.jp
We conducted highly-frequent water sampling for mercury
speciation in sea water and suspended solid (SS) in Minamata
Bay, in which bottom sediment is contaminated by trace mercury
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(<10ppm, dry weight [Tomiyasu et al.(2006)]), with continuous
current and suspended solid (SS) measurements. Current and SS
measurement was carried out by the Acoustic Doppler Current
Profilers (ADCP) mounted on sea bottom at measurement site
o
o
(32 11.072’N, 130 22.084’E, mean depth: 13.5m) in Minamata
Bay from 29th July, 2009 to 25th October, 2009. ADCP measured
vertical profile of current velocity and SS concentration which
was estimated from echo intensity every 15 minutes. In the
measurement period, water sampling for speciation of particulate
total Hg, dissolved total Hg, and dissolved methyl-mercury was
also carried out every 1 week. We sampled sea water from 7 layers
(0m(sea surface), 2m, 4m, 6m, 8m, 10m, bottom layer (1m above
the sea bottom)) at the same point as the ADCP measurement
point. Finally, temporal change of vertical profile of mercury flux
was estimated from these measurement results of velocity, SS
concentration and particulate total mercury, and net particulate
total mercury transport from the Minamata Bay to the outer sea
area was also evaluated.
As a result, the followings were clarified: i) particulate total mercury
in bottom layer was higher than that in surface and middle layer;
ii) dissolved total mercury and methyl-mercury were almost
uniform vertically. Negative correlation between total mercury and
methyl-mercury was shown; iii) annual particulate total mercury
transport from Minamata Bay to the outer sea area (Yatsushiro Sea)
was estimated as 5-13kg. In the past research, Rajar et al. (2004)
evaluated the annual mercury transport as about 150kg (including
dissolved mercury) from the numerical modeling, and Yano et
al. (2003, 2004) reported that it is around 10-30kg from the field
measurement. But, these previous research included uncertainty due
to unknown factors for numerical modeling and small number of
mercury measurement (only once). Thus, these results suggest that
highly-frequent mercury measurement plays an important role in an
accurate estimation of mercury mass balance.

TG7-P6
EFFECTS OF AMENDING ACID FOREST SOIL WITH
FLUE GAS DESULFURIZATION GYPSUM ON MERCURY
TRANSPORT AND DISTRIBUTION
1

1

YAO, luo , LEI, duan
(1) Tsinghua University, y-luo09@mails.tsinghua.edu.cn
Flue gas desulfurization gypsum (FGDG), the by-product of
desulfurization processes in coal-fired power plants, has been used
as an acid soil amendment in recent years. This study evaluated the
fate of high concentration mercury (908μg/kg) in FGDG and the
change of mercury distribution in forest when FGDG was spread on
2
acid forest soil surface (63.4g/m ). Throughfall, soil water (at the soil
depth of 0cm, 10cm, 20cm, and 30cm) and litterfall were collected
monthly for mercury analysis. Moreover, mercury in mineral soil,
vegetation components, litter, and air in forest were quantified after
one year FGDG treated. As a result, with FGDG treated, mercury
contained in air and dicraepteris decreased significantly (p<0.05),
and the average mercury concentration of litterfall and the soil water
of 0cm was lower than the control plot except the first two months
after spreading FGDG, but not significantly (p>0.05). In addition,
almost all of the mercury contained in FGDG was reserved in litter
layer. The results suggested that FGDG enhanced the capacity of
organic matter on mineral soil about reserving mercury, and newly
deposited mercury was easily bound to litter layer. Consequently,
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amending acid forest soil with FGDG didn’t increase the output of
mercury in this study.

RG9-P16
ASSESSMENT OF MERCURY ACCUMULATION IN BAT
FUR FROM 8 COUNTRIES AROUND THE WORLD
1

2

1

YATES, David E , KUNZ, Thomas H , EVERS, David C , DIVOLL,
Timμ
(1) BRI, dave.yates@briloon.org (2) Boston University.
Mercury and other aquatic-based persistent bioaccumulative
contaminants are prevalent in freshwater environments. Mercury
availability to fish and wildlife varies inter-regionally because its
availability is strongly influenced by biogeochemistry and hydrology.
The atmospheric deposition of sulphur (S) and mercury (Hg) has
the potential to have negative landscape-level impacts on bat and
bird populations. Sulphur deposition or acid rain has negatively
impacted parts of northeastern North America for many decades.
Hg methylation by sulfate-reducing anaerobic bacteria that convert
non-toxic inorganic mercury (Hg) into toxic organic methlymercury
(MeHg) is enhanced in acidic environments. Insectivorous bats in
acidified areas of mountains and potentially bog habitats are thus
particularly susceptible to the combined impacts of air pollutants
because they occur at high trophic levels (e.g., susceptible to
biomagnification of Hg). Bats were captured and sampled for Hg
accumulation. During 2008 fur samples were collected in 6 (Costa
Rica, Belize, Malaysia, China, Sweden, Germany) countries at 13
individual sites. A total of 210 fur samples were analyzed for Hg
concentrations. Germany had the highest concentrations followed
by Malaysia and Sweden. Forty five of the samples acquired were
above the level of concern (10.8 ppm (fw)) found for wild mice.
Since there is a lack of bat Hg data other mammal fur Hg are used
for assessment purposes. Anthropogenic inputs of mercury (Hg)
in surface water across the world have potential to created hotspots
which may have long-term impacts on ecological and human health.

TG5-P16
MERCURY FRACTIONATION IN SAN FRANCISCO BAY
AREA STORM DRAIN WATERS AND SEDIMENTS
1

1

2

YEE, Donald , MCKEE, Lester J. , LEWIS, Aurana
(1) San Francisco Estuary Institute, donald@sfei.org (2) Brooks Rand.
Many controls being considered for treatment of stormwater rely
at least in part on removal of pollutants adsorbed to particulate
fractions. A study was conducted to evaluate the fractionation of
mercury for various settling times in San Francisco Bay Area storm
drain runoff and sediments. Typically, around 10% of mercury in
stormwater runoff is removed with the largest size fraction (~2
minutes settling). Longer settling times (~20 minutes) removed an
additional 10-20% of the mercury in stormwater runoff, but the
majority of mercury was not removed, likely remaining in a finer
suspended phase, as other evaluations of stormwater runoff in the
region using mechanical filtering show a very small percentage in
the dissolved (<0.45 um) phase. In contrast, 50-80% of the mercury
in sediments from areas with visible sedimentation was removed in
the most rapidly settled fraction. An additional 10-40% of mercury
was in a finer fraction settling within 20 minutes, with a small
percentage (<10%) remaining suspended (>1 um) or in a dissolved
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or colloidal phase (<2% in a <1 um fraction). These results suggest
that storm drain systems behave at times as sediment sorting
systems, preferentially retaining larger faster settling sediments, but
also trapping finer fractions. Measures for stormwater management
targeting solids removal from relatively quickly settled fractions
will therefore be useful for reducing mercury loads from urban
drainages to receiving water bodies.

TG10-P17
DISTRIBUTION OF DISSOLVED TOTAL MERCURY AND
METHYLMERCURY IN THE WESTERN EQUATORIAL
PACIFIC AND BISMARCK SEA
1

1

YIGITERHAN, Oguz , BALCOM, Prentiss H. , FITZGERALD,
1
1
2
William F. , MASON, Robert P. , MURRAY, James W.
(1) University of Connecticut - Department of Marine Sciences, oguz.
yigiterhan@uconn.edu (2) University of Washington - School of
Oceanography.
The equatorial Pacific is critically important in the global cycling of
mercury (Hg). Most of the biological production in the open ocean
is derived from recycled nutrients, while riverine inflows and resuspended sediments enhance the production in coastal waters.
Seawater samples were collected during R/V Kilo Moana EUCFe
2006 research cruise at offshore and inshore stations, from 140 W
to 145 E longitude at the equator, 2N, and 2S latitudes. The goal was
to measure the distribution of dissolved total mercury (HgT) and
monomethylmercury (MMHg) species in the Equatorial Pacific
Ocean, and to relate these changes with the lateral transport of
re-suspended particulate matter along the Equatorial Undercurrent
(EUC). Although the sampling was focused on the depth of EUC,
whole water column profiles were collected down to1000 m (6
depths). Additional samples were collected at possible Hg sources
regions in the Bismarck Sea, close to Sepik River mouth and Vitiaz
strait on the New Guinea Coastal Undercurrent (NGCU), and also
at the coast of the New Ireland Island on the New Ireland Coastal
Undercurrent (NICU).
MMHg showed an increasing trend from inshore to offshore
stations at the depth of EUC. The highest MMHg value (462 fM)
was observed at offshore station 140W, with a decreasing gradient
(105 fM) from east to the west at the core depth of EUC. At the
coastal stations, MMHg concentrations appear to be lower than
our detection limits except near the coast of New Ireland (256 fM).
In contrast to MMHg, there is not much concentration gradient
for dissolved HgT between the inshore and off-shore stations.
Some of the coastal stations have higher HgT concentrations, but
concentrations typically ranged from 2-3 pM. Subsurface maxima
observed for stations 170W, 180W and 145E may be related to
particulate load carried with the EUC. Stations 140W, 170W and
149.5E appear to have higher surface HgT concentrations (4-5
pM), and stations 180W, 165E and 149.5E showed increasing
concentrations down to 1000m. A subsurface maxima at 140W
seems to correlate with the regional of rapid oxygen decrease at that
station.
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fingerprint also shows that coal deposits located at the edge of
cratons differ slightly in isotopic composition and are enriched
202
198
by up to 1.0 ‰ in Hg relative to Hg when compared to coals
collected from inner cratons, which may provide some important
geological information.

MG2-O16
NATURAL MERCURY ISOTOPE VARIATIONS IN RICE
PLANT FROM WANSHAN HG MINES IN GUIZHOU
PROVINCE, CHINA
1

2

1

1

YIN, Runsheng , FENG, Xinbin , LIU, Jinling , WANG, Jianxu ,
2
1
ROTHENBERG, Sarah , SHI, Wenfang
(1) Institute of Geochemistry, Chinese Academy of Sciences,
yinrunsheng2002@163.com; (2)Graduate University of the Chinese
Academy of Sciences,
Recent studies showed that rice intake may pose a big health
risk of mercury (Hg) exposure to local habitants, especially in
Wanshan (WMM) Hg mine (in Guizhou Province, SW China),
where active transformation of inorganic Hg to Me-Hg takes place.
The mechanism of Hg transformation in rice should be therefore
investigated so that remediation can be ap¬propriately targeted. In
order to study of sources and transportations of Hg in the rice plant
(Oryza sativaL.), stable Hg isotope variations in different rice tissues
(root, stem, foliage and seed) which collected from WMM were
investigated by multi-collector inductively coupled plasma mass
spectrometry (MC-ICP-MS) technique. In comparison, Hg isotope
ratios of paddy soil, Hg-ores and mine-waste calcines of WMM were
also analyzed. From our study, rice tissues differ slightly in isotopic
202
composition and are depleted by up to 3.0‰ in Hg relative to
198
Hg when compared to the growth mediums. Mass independent
fractionation (MIF) signature of Hg (MIF) in rice samples affected
199
the odd Hg isotopes to produce a 0.36‰ range in both Δ Hg
values. It’s suggest that the isotopic anomalies measured in rice
plants represented the composition of atmospheric Hg. We therefore
concluded that the mix of atmospheric Hg with soil Hg is the cause
for the measured isotopic variations. This observation leads to the
hypothesis that the magnitude of MIF measured can certainly reflect
the proportion of atmospheric Hg in different rice tissues. Finaly,
according to an end-member mixing model, the atmospheric Hg
contributes for more than 50% of rice stem, the rice root exhibit a
predominance of paddy soil Hg with a percentage of Hg from the
ambient air of approximately ~10%. The rice grain is thought to be
largely controlled by the paddy soil, and the atmospheric mercury
only contributes for less than 40%.

MG2-O12
MERCURY STABLE ISOTOPE FINGERPRINTS OF CHINESE
COALS
1

YIN, Runsheng
(1) Institute of Geochemistry, Chinese Academy of Sciences,
yinrunsheng2002@163.com
In order to further evaluate of environmental impacts of
atmospheric Mercury (Hg) emission from coal combustion in
China. Hg stable isotope analysis from 60 coal deposits through
China were carried out using multi-collector inductively coupled
plasma mass spectrometry (MC-ICP-MS) in this study (Yin et al.,
2010). Study shows that Hg which occurs in Chinese coal deposits
appears to have a particular Hg stable isotope “fingerprint” effects
from other parts of the world (Biswas et al., 2008). Hg isotope
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TG4B-P11
HIGH LEVELS OF GASEOUS ELEMENTAL MERCURY AND
PARTICULATE MERCURY OBSERVED AT THE SUMMIT OF
MT. FUJI DURING SUMMER OBSERVATION CAMPAIGN,
2007.
1

YOKOTA, Kuriko
(1) Toyohashi University of Technology, yokota@ace.tut.ac.jp
The chemical cycling and spatiotemporal distribution of mercury
in the troposphere is poorly understood. We measured gaseous
elemental mercury (GEM) and particulate mercury(p-Hg) along
with SO2, ozone, aerosols and meteorological variables at the
summit of Mt. Fuji (3776m a.s.l.) from 23 August to 30 August. The
mean mercury concentrations were 23ng/m3 (GEM) and 4.7ng/m3
(p-Hg). We observed this event of strongly enhanced atmospheric
GEM levels with maximum concentration up to 25 ng/m3. High
GEM and p-Hg levels were related to pollution events, particularly
SO2 transported from Asian Continent. As result of back trajectory
analysis will show this phenomena.

TS10-P17
TWO PATHWAYS FOR THE ENHANCEMENT OF MERCURY
METHYLATION BY SYNTROPHIC INTERACTIONS
1

2

YU, Ri-Qing , HINES, Mark E.
(1) Rutgers University, rqyu@eden.rutgers.edu (2) UMass Lowell.
In sulfate limited freshwater ecosystems, syntrophic associations
may stimulate growth of SRB and thus microbial Hg methylation.
This possibility was supported by the detection of 16S rRNA and
dsr genes that were most similar to those of Syntrophobacter spp.
in Sphagnum moss enrichments with stimulated Hg methylation.
We tested the role of syntrophy in Hg methylation by setting up
incubations of propionate-utilizing S. wolinii, S. sulfatireducens,
and S. fumaroxidans with Methanospirillum hungatei or with
Hg methylating SRB, strains Desulfovibrio desulfuricans ND132
and Desulfovibrio africanus DSM 2603 which cannot grow
with propionate. S. wolinii was the only syntroph with a low
rate of Hg methylation activity (0.29%/day) when grown with
propionate (15.6 mM) and sulfate (19.7 mM). This activity was
also demonstrated when S. wolinii grew in a co-culture with M.
hungatei (0.20 %/day) in the absence of sulfate. When strains
ND132 and DSM 2603 were grown with M. hungatii in a sulfatefree lactate medium, methylation was stimulated by 2 to 4 fold and
7 to 24 fold, respectively, as compared to their activity without the
methanogen. Thus, the syntrophy of M. hungatei with a weak Hg
methylator (D. africanus DSM 2603) more significantly enhanced
methylation as compared to syntrophy with a strong methylator
(ND132). Surprisingly, significantly higher potential methylation
rates were observed after four days of incubation in co-cultures of S.
sulfatireducens with strains ND132 (5.1 %/day) and DSM 2603 (0.4
%/day) in a propionate (15.6 mM) medium with 3.94 mM sulfate in
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comparison with rates of the Desulfovibrio spp. growing alone (4.3
and 0.2 %/day, respectively). Cell counts of the methylating strains
in co-cultures with the syntroph, as determined by flow cytometry
cell sorting, increased and sulfate concentrations decreased while
biomass and sulfate concentrations of the methylating strains
growing alone remained unchanged. The results suggest that S.
sulfatireducens by oxidizing propionate provided hydrogen and
a carbon source to support growth of methylating Desulfovibrio
spp. With increasing sulfate in propionate/sulfate media from 0.39
to 19.71 mM, methyaltion by cocultures of S. sulfatireducens with
strain ND132 decreased and with strain DSM 2603 increased, while
for both methylation was enhanced in the co-cultures as compared
with methylation by the SRB alone. Thus, syntrophy may enhance
methylation by SRB growing with methanogens in sulfate-limited
environments and with Syntrophobacter spp. in environments where
sources of energy and carbon are limiting.

Using all the described improvements and the significantly larger
quantity and better quality of input data, we expect to increase the
accuracy of mercury transport and transformations simulated with
the PCFLOW3D model.
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MG14-P27
RS13-06
APPLICATION OF ADVANCED MODELLING APPROACH
IN CONTAMINATED COASTAL AREAS

HAIR MERCURY LEVELS IN THE 19TH CENTURY:
CAN MOURNING JEWELRY PROVIDE VALUABLE
INFORMATION
1

1

1

2

ŽAGAR, Dušan , SIRNIK, Nataša , HORVAT, Milena , KOCMAN,
2
David
(1) University of Ljubljana, dusan.zagar@fgg.uni-lj.si (2) Jožef Stefan
Institute, Ljubljana;
Existing modelling techniques in contaminated coastal areas are
being significantly improved in the framework of the EU FP7
project “Hydronet “. These techniques are used to (1) access and
use the available data on hydrodynamics and oceanographic,
meteorological and environmental parameters obtained with
other models; (2) apply data on environmental parameters and
pollutants measured in high spatial and temporal resolution by
sensor-equipped autonomous floating buoys and robots. The model
PCFLOW3D has been improved in order to (1) forecast water
circulation in the areas under study in adequate spatial and temporal
resolution, (2) simulate transport and fate of pollutants on the basis
of measured and modelled input parameters and (3) perform nearly
real-time short-term simulations.
PCFLOW3D is used for simulations of pollutant transport
and transformations. It was improved by introducing several
additional variables. With these, it is now possible to simulate more
environmental parameters and to account for the impact of several
new variables on mercury transformations. The Fasham’s nitrogenbased model for plankton dynamics (Fasham et al., 1990) will help
determine nutrients and oxygen content in the water column.
PCFLOW3D is currently set in different spatial resolutions for the
two Hg-contaminated areas under study. In the Gulf of Trieste, the
resolution in the horizontal plane is approx. 150x150 m and the
layer thickness is 1 m, while in the Livorno coastal sea the horizontal
resolution is 500x500 m with layers of various thickness (1 – 40 m).
In order to transform results of other models into input data for
PCFLOW3D, several new interfaces had to be developed. Measured
data from buoys and robots is transferred via web-interfaces from
the AmI database to PCFLOW3D and the modelling results are fed
back to the database. GIS models are applied to simulate conditions
in the background areas and to determine river inputs.

WWW.MERCURY2011.ORG

1

ZAREBA, Grazyna , LANGDON, Margaret , OSINSKI, Anthony
1
2
W. , SPIGELMAN, Zachary
(1) Department of Environmental Medicine, University of Rochester
Medical Center, Rochester NY, grazyna_zareba@urmc.rochester.edu
(2) Harvard University School of Medicine, Boston MA.
Several medical historical sources describe widespread use in
the 19th century of both metallic mercury (Hg) in the form of
the Blue Mass pill, and inorganic Hg as calomel for therapeutic
purposes. Although hair has been a well established indicator of
methyl mercury exposure in several population studies there are
reports of elevated hair Hg levels during accidental or suicidal
use of other forms. Mourning jewelry containing hair of beloved
ones was popular in America during the Civil War era. In order to
study mean Hg hair levels in this time period in American history,
mourning jewelry from mid 19th century was purchased from
different antique stores in America. According to manuals for hair
jewelry making, hair preparation consisted of boiling hair for 15-20
min with baking soda and occasionally mounting braided hair to
a fabric or paper background. Out of 13 collected samples, only 6
met criteria for analysis: the hair samples had no access to open air
(under glass cover) and no visible contamination with soil. Analysis
of total and inorganic Hg using cold vapor atomic absorption
spectroscopy was performed in the Mercury Laboratory at the
University of Rochester. All analyses were performed in a blinded
manner, hair 397 was used as a standard during each analysis.
Quality assurance was performed using the Mercury in Hair
Interlaboratory Comparison Program (Ottawa, Canada). The total
Hg concentrations were 18.3 +/- 4.57 ppm (mean +/- SE), of which
inorganic Hg was 79.6 +/-6.92% of the sample. The observed Hg
hair levels were significantly higher than today’s mean population
levels. However, they were similar or higher to previously reported
Hg hair concentrations during accidental or suicidal use of metallic
or inorganic mercury. The washing procedures of hair samples
demonstrated only minimal Hg removal from hair, suggesting
strong Hg binding to the hair shaft. In conclusion, this study, as part
of larger studies on Hg human exposure during the Civil War era,
demonstrated elevated Hg hair concentrations in humans suggesting
increased exposure to different forms of inorganic mercury, possibly
above today’s acceptable mercury levels. These results as well as
future analyses may contribute to better understanding several
neurological symptoms and maladies described in the 19th century.
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TG7-O7

RG3-O3

METHYLMERCURY AND TOTAL MERCURY IN FOREST
SOIL, PADDY SOIL AND RICE IN A REMOTE HIGHALTITUDE MOUNTAIN AREA, CHINA

ONSITE MEASUREMENTS OF MERCURY EMISSIONS
FROM ZINC, LEAD AND COPPER SMELTERS IN CHINA
1

1

1

1

ZHANG, Hua
(1) Institute of Geochemistry, Chinese Academy of Sciences,
zhanghua0851@gmail.com

ZHANG, Lei , WANG, Shuxiao , MENG, Yang , WU, Qingru ,
1
HAO, Jiming
(1) School of Environment, Tsinghua University, Beijing 100084,
China, zhanglei03@mails.tsinghua.edu.cn

Long-range atmospheric transport of Hg from pollution sources
has led to increased Hg contamination even in remote areas that
are free from direct anthropogenic influences. This research was
designed to evaluate Hg impact on ecosystem in a remote highaltitude mountain area (range: 867–2185m asl.) in southwestern
China. A mean of 0.21±0.06 mg/kg for THg and a geometric mean
of 1.66±1.45μg/kg for MeHg in soil were observed. Altitude was
observed positively correlated with concentrations of both THg and
2
MeHg in soil (R =0.75 for THg and 0.45 for MeHg, respectively,
P<0.001). Multiple linear regression analyses shown that variable
2
of altitude could explain 66% and 63% (i.e. adjusted R ) of the
concentration of THg and MeHg in the soil, respectively. Higher
concentrations of THg and MeHg were also observed in local rice
compared to other regions in China, with a geometric mean of
2.67± 2.15μg/kg for THg and a mean of 2.14± 1.69μg/kg for MeHg,
respectively. These results confirmed increased contamination in
local ecologic environments. At the first time, our study supplies a
new knowledge of Hg contamination in remote high-altitude areas
in China.

Non-ferrous metal smelting takes up a large proportion of the
anthropogenic mercury emission inventory in China. Zinc, lead and
copper smelting are three leading sources. Onsite measurements
of mercury emissions were conducted for one out of each type of
smelters. The mercury emission factors for the tested zinc, lead
and copper smelters were 0.57 g Hg/t Zn produced, 1.00 g Hg/t Pb
produced, and 0.23 g Hg/t Cu produced, respectively. Only 0.6%,
3.2% and 0.3% of the mercury in the concentrates of zinc, lead and
copper respectively were emitted to the atmosphere. The highesttemperature processes of each smelting procedure (e.g. roasting
furnace for zinc smelting, oxygen enriched bottom blowing furnace
for lead smelting and flash smelting furnace for copper smelting)
tend not to be the largest contributor to atmospheric mercury
emission, owing to the acid producing processes in each smelter.
Over 99% of the mercury in flue gas can be captured in the acid
plants of all three smelters. In the flue gas out from the acid plants,
78%–85% was oxidized mercury which can be easily scavenged.
Therefore, acid plants in non-ferrous metal smelters have significant
co-benefit on mercury removal.

TG4B-P6

FS3-O7

CONCENTRATIONS OF SPECIATED ATMOSPHERIC
MERCURY AT A HIGH-ALTITUDE BACKGROUND STATION
IN THE SHANGRI-LA AREA OF TIBETAN PLATEAU, CHINA

SPECIATED MERCURY DRY DEPOSITION AT
MONITORING LOCATIONS IN NORTH AMERICA

1

1

ZHANG, Hui
(1) Institute of Geochemistry, Chinese Academy of Sciences,
zhanghui1987167@163.com
Because of its very high-altitude and limited industrial productions,
environment of Shangri-la area is pristine. However, once released
to the atmosphere, mercury(mainly in the form of Hg0)can be
transported over a long distance and deposited in remote regions.
From November 2009 to November 2010, measurements of total
gaseous mercury(TGM), particulate mercury( PHg, Hg bounded
to particulate matter with an aerodynamic diameter <2.5 μm ), and
reactive gaseous mercury(RGM) were carried out at the Zhuzhang
Atmosphere Watch Regional Station(3558 m above sea level)of
Shangri-la area, in Tibetan Plateau, Southwestern China. The overall
mean concentrations for TGM, PHg and RGM were 2.59±1.33
ng m3, 43.5±41.6 pg m-3 and 8.2±9.4 pg m-3 respectively, which
are higher than the values obtained in remote areas of Northern
America. TGM, PHg, and RGM in Zhuzhang showed a noticeable
seasonal distribution pattern with elevated concentrations in spring
and low concentrations in winter. The study suggests that longrange transport of Hg from anthropogenic sources affected the
concentrations of speciated atmospheric mercury by both from the
south via the Indian monsoon during summer and from the west
via winter westerlies. In addition, relative humidity was a dominant
factor to TPM and RGM levels.
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ZHANG, Leiming , BLANCHARD, Pierrette , GAY, David ,
3
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5
PRESTBO, Eric M. , JOHNSON, David , RISCH, Martin R. ,
6
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8
HOLSEN, Thomas M. , MILLER, Eirc K. , ZSOLWAY, Rudy ,
9
CASTRO, Mark S.
(1) Environment Canada, leiming.zhang@ec.gc.ca (2) University
of Illinois; (3) Tekran Instruments Corporation; (4) Convex Logic;
(5) U.S. Geological Survey; (6) Clarkson University; (7) Ecosystems
Research Group Ltd; (8) New Jersey Department of Environmental
Protection; (9) University of Maryland.
Dry deposition fluxes during 2008-2009 for speciated mercury,
i.e., gaseous oxidized mercury (GOM), particulate bound mercury
(PBM), and gaseous elemental mercury (GEM), were estimated
at Atmospheric Mercury Network (AMNet) locations using the
inferential method, which combined the 2-3 hourly speciated
ambient concentration data with calculated hourly speciated dry
deposition velocities (Vd). The meteorological input used for Vd
calculations were from the archived surface-layer meteorology
produced by the Canadian weather forecast model. Annual dry
deposition of GOM+PBM was estimated to be in the order of 1-5
-2
μg m at the majority of the sites with GOM deposition being 5-10
times higher than PBM deposition due to their different Vd values.
The dry deposition of GOM+PBM estimated here was substantially
lower than values produced from regional-scale mercury transport
models published in the past. GEM dry deposition was estimated to
be higher than those of GOM+PBM; this was also confirmed by a
comparison of the estimated annual dry deposition with the annual
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litterfall deposition. Total dry deposition was found to be equal
in importance to annual wet deposition of mercury. Seasonal and
geographical patterns will also be discussed in this study.

FS3-O10
NESTED-GRID MODELING OF MERCURY WET
DEPOSITION OVER NORTH AMERICA
1

WS10-O6
THE INFLUENCE OF KINETICALLY-LIMITED
MERCURY SULFIDE PRECIPITATION ON MERCURY
BIOAVAILABILITY FOR METHYLATION BY PURE
CULTURES OF SULFATE REDUCING BACTERIA
1

1

1

ZHANG, Tong , HSU-KIM, Heileen , DESHUSSES, Marc A.
(1) DUKE UNIVERSITY, tong.zhang@duke.edu

In natural aquatic systems, the predominant mechanism of
monomethylmercury (MeHg) production is microbial methylation
of inorganic mercury (Hg) by sulfate-reducing bacteria (SRB).
Integration of field and lab observations suggest that MeHg
production rates are largely controlled by the availability of Hg
species for uptake into SRB, in addition to microbial activity. The
objective of our research is to identify the chemical forms of Hg
that are bioavailable to methylating bacteria and susceptible to
methylation. In sediments where MeHg production occurs, sulfide
controls Hg speciation due to its high abundance and strong
affinity for Hg. Previous studies have demonstrated that natural
organic matter (NOM) interferes with the precipitation of HgS(s) by
preventing aggregation of HgS nanoparticles that are formed during
the initial stages of precipitation. As a result of this kineticallylimited reaction, HgS nanoparticles are expected to persist and
exhibit higher methylation potential than larger, more crystalline
metacinnabar particles due to the large specific surface areas of
nanoparticles that enable greater contact with methylating bacteria.
Additionally, recent field studies showed that ‘newly’ deposited Hg
appeared to be more readily transformed to MeHg than the ‘older’
Hg pool that existed in sediments, which implies a previously
unrecognized role of the ‘aging’ effects in Hg methylation. Therefore,
we hypothesize that bioavailable Hg concentration is related to the
kinetics of HgS precipitation, and not necessarily to equilibrium
speciation of Hg in sulfidic porewater. We conducted methylation
bioassays using pure cultures of two methylating SRB, Desulfobulbus
propionicus (1pr3) and Desulfovibrio desulfuricans (ND132). The
bacterial cultures were exposed to three different forms of Hgsulfides, including dissolved Hg(NO3)2 and Na2S, humic-coated HgS
nanoparticles (<30 nm), and metacinnabar particles (>1000 nm),
which were formulated to represent three different ‘aging’ states of
mercury in sulfidic sediments. Our results revealed that methylation
rates were greatest with the dissolved Hg-sulfide treatment. In the
treatments with HgS nanoparticles, Hg methylation was observed at
a rate that was significantly faster than the micro-scale metacinnabar
treatment, possibly due to higher solubility and more surface
contact with the bacterial cells. During methylation, Hg appeared to
partition onto bacterial cells or large particles; however, ‘intracelluar
Hg’ (dissolved Hg released from cell pellets after freeze-thaw cycles
and sonication) was minimal. Investigations on how nanoparticles
deliver mercury to bacterial cells and become more available than
bulk metacinnabar will also be presented and discussed.
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As a potent neurotoxin, atmospheric mercury (Hg) bioaccumulates
in food webs and eventually affects human health once deposited
to aquatic environment. Wet deposition of Hg displays high
spatial variability, which is difficult to resolve with global scale
models. While higher resolution regional models can capture this
variability, they suffer from a high sensitivity to assumed lateral
conditions provided by global models with different assumptions
about emissions, chemistry, deposition, and meteorology. We have
developed a nested Hg-oxidant capability for the GEOS-Chem
chemical transport model, with a horizontal resolution of 1/2°
latitude by 2/3° longitude over N. America. Boundary conditions
are provided by a global GEOS-Chem Hg simulation at 4°×5°
resolution using the same emissions, chemistry, deposition, and
meteorological fields as the high-resolution nested model. We
assume that bromine atom is the sole oxidant for Hg. We use
bromine concentrations archived from a GEOS-Chem bromine
simulation. The nested model improves our simulation of surface
total gaseous mercury concentration level compared with the
global model. The coefficient of determination for comparison with
observations from Canadian Atmospheric mercury Measurement
Network (CAMNET) and Atmospheric Mercury Network
(AMNET) increases from 25% to 58%. The nested model also
shows improved skill at capturing the high spatial and temporal
variability of Hg wet deposition over North America at the Mercury
Deposition Network (MDN) sites, especially over the Gulf Coast
region. This is largely caused by an improved representation of the
episodic convective precipitation occurring at small spatial scales by
the nested model over this region. In order to reproduce observed
wet deposition fluxes and gaseous oxidized mercury concentrations
over the Ohio River Valley, we need to include in-plume
degradation of oxidized mercury coal fired power plants. We find
the contribution of regional anthropogenic sources to the annual Hg
wet deposition flux ranges from 13% of the southeast United States
to 32% of the Ohio River Valley.

TG7-P5
EFFECT OF ULTRAVIOLET ON MERCURY(II) REDUCTION
IN WATER
1

1

1

ZHANG, Yutao , SUN, Rongguo , WANG, Dingyong
(1) Key Laboratory of the Three Gorges Reservoir Region’s EcoEnvironment (Ministry of Education), College of Resources and
Environment, Southwest University, Chongqing 400715, China,
zhangyutao790108@126.com
Photochemistry is of great importance to mercury reduction
in aquatic environment. Series of laboratory experiments were
conducted with mercury nitrate and mercury chloride solutions
under different light irradiation conditions, including dark, natural
light, UVA (365 nm), UVB (310nm) and UVC (254nm). The result
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of experiments with mercury chloride certified the opinion that
mercury reduction was mediated by light irradiation. However, an
unexpected result was obtained from experiments with mercury
nitrate. Compared with the mercury reduction rate under natural
light, rate of reduction was significantly reduced by all the UVA,
UVB and UVC; while, dark induced the fastest mercury reduction
. It was deduced that hydroxyl radical (•OH), which could be
produced through direct photolysis of NO3- in water, re-oxidized
0
2+
Hg to Hg . To certify this hypothesis, KNO3 and methanol, as a
NO3- provider and a hydroxyl radical scavenger respectively, was
introduced into this study. The result showed that methanol did
not increased reduction of mercury chloride and even decreased
this reaction in dark; however, reduction of mercury nitrate was
significantly increased by methanol under all light conditions
besides dark. KNO3 decreased reduction of both the mercury
chloride and mercury nitrate under natural light and UV irradiation
except in dark. The result indicated that light irradiation did not
always mediate mercury reduction as that had been firmly believed
previously, and the coexisting negative radicals is of considerable
importance to mercury reduction in aquatic environment. The
experiments of mercury nitrate under natural light were also
o
o
o
performed at 10 , 20 and 30 respectively and the result showed that
temperature had no significantly effect on the mercury reduction. In
addition, kinetic study of mercury nitrate reduction under natural
light was conducted, and the first-order kinetics was proved through
both concentration gradients and trial method.

RG14-O4
HUMAN DIET AND DUST EXPOSURE TO MERCURY
BASED SCALP HAIR IN A ZINC SMELTING AREA
1

1

1

ZHENG, Na , LIU, Jingshuang , WANG, Qichao , LIANG,
2
Zhongzhu
(1) Northeast Institute of Geography and Agricultural Ecology,
Chinese Academy of Sciences, zhengnalzz@neigae.ac.cn (2) National
Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine
Mechanics and Physics, Chinese Academy of Sciences.
Zinc smelting and chlor-alkali production were both major sources
of mercury (Hg) contamination to the environment, potentially
leading to serious impacts on the health of the local population.
Huludao, northeast of China has been heavily contaminated by
Hg due to a long-term zinc smelting and chlor-alkali production.
The aim of this work was to analyze the effect of Hg exposure to
human due to diet and dust in Huludao. The investigation included:
(a) Hg accumulation in diet, dust and hair (b) Hg intake through
diet and dust, and (c) assessment of potential health effects of Hg
exposure associated with total mercury (T-Hg) concentrations in
human hair. T-Hg concentrations in hair of the human population
-1
varied from 0.05 to 3.25 mg kg-1 (average 0.43 mg kg ). Age is
an important factor influencing T-Hg concentrations in hair,
although no significant correlation between age and T-Hg in
hair (r=0.024, p>0.05) was observed. The highest mean value for
-1
T-Hg concentration was 0.51 mg kg , and occurred in the 26~45
age group. T-Hg levels in females are higher than in males. There
was no significant difference between THg in hair from different
districts based on T test (P>0.05). In general, food consumption
was identified as the major pathway of human exposure, accounting
for > 90% compared to other ways of exposure such as inhalation
and dermal contact. The Hg intakes due to dust and diet were
-1
-1
0.0004-0.003 and 0.038-0.050μg kg day . The adults and children
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in Huludao will not be presented with a significant potential health
risk by the intake Hg from diet. The frequency of paraesthesia to
most inhabitants in Huludao was estimated to be lower than 5%,
with only one person rated at 50%. A trivial adverse health effect of
Hg exposure to the inhabitants of Huludao, despite of the serious Hg
contamination in the environment.

TG3-P13
HG DISTRIBUTION CHARACTERISTICS IN COAL FROM
XINJIANG AND NEI MONGOL, NORTH OF CHINA
1
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2
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(1) Northeast Institute of Geography and Agricultural Ecology,
Chinese Academy of Sciences, zhengnalzz@neigae.ac.cn (2) National
Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine
Mechanics and Physics, Chinese Academy of Sciences.
Hg is released into the atmosphere from both natural and
anthropogenic sources, especially coal and transported globally,
even to regions without significant mercury emission sources. There
are abundant reserves of coal which have become China’s most
important source of primary energy. In past reports, coal used to
estimate mercury emission was sampled from the main provinces,
such as Shanxi. The details on mercury in coal from Xinjiang and
Nei Mongol provinces were very limited due to wide area and
difficulties to sampling. The prospective reserve of coal in Xinjiang
amounted to 182-219 million tons, and the proven recoverable coal
in Nei Mongol reached 70 million tons. More than 200 coal samples
from 45 mine in Xinjiang and more than 150 samples from 40
mines were collected and analyzed for total mercury. The average
Hg content in coal from Xinjiang and Nei Mongol were 47.88 and
-1
80.54μg kg , and the maximal Hg content was 170.4 and 268 μg
-1
kg . Hg contents in coal from different regions in Xinjiang followed
in the order of Qitai > Urumchi > Hetian, Kuche and Baicheng
>Yining and Hami > Aletai >Wucai >Taicheng. Hg contents in coal
from different regions in Nei Mongol was in the order of Eerduosi
> Huolinhe >Dayan > Chifeng. Hg content in coal of Xinjiang from
this study was higher than the datum from USGS, and it in Nei
Mongol was lower than USGS. Mercury emission decreased with
the use of coal from Xinjiang, and mercury emission from coal
combustion in China was recalculated.

RS9-O7
CONTROLS OF DIFFERENT SORPTION ON THE
PARTITIONING AND BIOAVAILABILITY OF
SEDIMENTARY MERCURY
1

2

ZHONG, Huan , WANG, Wen-Xiong
(1) Trent University, zhonghuan1982@hotmail.com (2) Hong Kong
University of Science and Technology.
This study aimed at exploring the controls of different sorption
among mercury (including inorganic mercury and methylated
mercury), organic matters (OM, principally one kind of fulvic
acid or FA), and inorganic particles, as well as bacteria within
sediments on the partitioning and bioavailability (quantified by
gut juice extraction) of mercury in sediments when the contact
time among mercury, OM, and inorganic particles increased.
Radioactive inorganic mercury (Hg) and methylated mercury

346

10th International Conference on Mercury as a Global Pollutant, July 24-29, 2011 · Halifax, Nova Scotia, Canada
(MeHg) isotopes were used to spike into artificial sediments
with different sorption (FA-Particle, Mercury-FA and MercuryParticle), and the strength of the sorption was changed by changing
the contact time among mercury, FA and inorganic particles. By
determining the partitioning and gut juice extraction of Hg or
MeHg in those different artificial sediments, we found that all the
three sorptions were important in controlling the partitioning of
Hg or MeHg in the sediments: all sorptions became stronger and
contributed to the increase of mercury partitioning in the sediments
when the contact time was increased. Extraction of Hg or MeHg by
gut juices was mainly controlled by the Mercury-Particle sorption
while FA-Particle and Mercury-FA sorption were not as important
in decreasing the extraction efficiencies with the increased
contact time, especially for MeHg. Bacteria could also increase
the partitioning of Hg and MeHg in the sediments, especially for
MeHg. The growth of bacteria could be favored by the presence of
organic matters, especially in the OM-Particle+Mercury sediments.
However, the complexation between Hg or MeHg and organic
matters (humic and fulvic acids) may inhibit the sorption of Hg
or MeHg by bacteria and thus the partitioning of Hg or MeHg in
sediments, while in contrast the Mercury-Cysteine complexes could
be more available for bacteria sorption. Bioavailability of Hg or
MeHg quantified by gut juice extraction was slightly influenced by
the activities of bacteria. This study highlighted the importance of
different sorption as well as bacteria in controlling the partitioning
and bioavailability of Hg or MeHg in sediments.

RG3-O4
MERCURY FLUXES RELEASE ON WATER/AIR INTERFACE
FROM THE WATER-LEVEL-FLUCTUATING ZONE OF
THREE GORGES RESERVOIR AREA, CHINA
1
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ZHU, Jinshan , MA, Ming , SHEN, Yuanyuan , SUN, Rongguo ,
1
WANG, Dingyong
(1) Key Laboratory of the Three Gorges Reservoir Region’s EcoEnvironment (Ministry of Education), College of Resources and
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jszhu@163.com
Determination of only total mercury in sediments does not give an
accurate estimate of the likely environmental impacts. Speciation
study of mercury in sediment provides information on the potential
availability of mercury to biota under various environmental
conditions. The toxicity of mercury depends especially on its
chemical forms rather than its total content. According to regulation
model (water levels were projected to fluctuate in a cycle opposite
from natural conditions, with lower levels during the summer
and higher levels in the winter) for Three Gorges Reservoir, the
characteristic of speciation of mercury in sediment of water-levelfluctuating zone of Three Gorge Reservoir Area was investigated.
Samples of flooding sediments, semi-flooding sediments, drying
sediments, original soil and overlying water were collected from
five sites during the flood season (summer) and mercury speciation
(operationally defined) and some physicochemical parameters
were analyzed. The results indicated that mercury mainly existed
in residual fraction for flooding sediments, alkali-soluble fraction
and residual fraction for semi-flooding sediments and original
soil, Fe-Mn oxides and residual fraction for drying sediments. In
flood season, with the increasing waterlogging duration caused
the increase of TOC and pH and decrease of ORP. Mercury has
the tendency to release to water body. The amount of migration
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of bioavailable fractions of mercury in five sites were 0.002mg/
kg, 0.005 mg/kg, 0.010 mg/kg, 0.027 mg/kg and 0.003 mg/kg
respectively. Correspondingly, the migration rates of mercury
were 5.5%, 16.90%, 33.50%, 47.90%, and 7.20%, respectively.
The total mercury and methyl mercury in overlying water were
29.88±18.78ng/L and 0.19±0.11ng/L. The regulation model for
Three Gorges Reservoir increased the ecological risk of mercury.
Still, even though the concentrations of Hg in the study areas
were low, a long-term water quality monitoring in Three Gorges
Reservoir was necessary.

MG7-O15
SPECIATION OF MERCURY IN SEDIMENTS IN WATERLEVEL-FLUCTUATING ZONE OF THREE GORGES
RESERVOIR AREA, CHINA
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Determination of only total mercury in sediments does not give an
accurate estimate of the likely environmental impacts. Speciation
study of mercury in sediment provides information on the potential
availability of mercury to biota under various environmental
conditions. The toxicity of mercury depends especially on its
chemical forms rather than its total content. According to regulation
model (water levels were projected to fluctuate in a cycle opposite
from natural conditions, with lower levels during the summer
and higher levels in the winter) for Three Gorges Reservoir, the
characteristic of speciation of mercury in sediment of water-levelfluctuating zone of Three Gorge Reservoir Area was investigated.
Samples of flooding sediments, semi-flooding sediments, drying
sediments, original soil and overlying water were collected from
five sites during the flood season (summer) and mercury speciation
(operationally defined) and some physicochemical parameters
were analyzed. The results indicated that mercury mainly existed
in residual fraction for flooding sediments, alkali-soluble fraction
and residual fraction for semi-flooding sediments and original
soil, Fe-Mn oxides and residual fraction for drying sediments. In
flood season, with the increasing waterlogging duration caused
the increase of TOC and pH and decrease of ORP. Mercury has
the tendency to release to water body. The amount of migration
of bioavailable fractions of mercury in five sites were 0.002mg/
kg, 0.005 mg/kg, 0.010 mg/kg, 0.027 mg/kg and 0.003 mg/kg
respectively. Correspondingly, the migration rates of mercury
were 5.5%, 16.90%, 33.50%, 47.90%, and 7.20%, respectively.
The total mercury and methyl mercury in overlying water were
29.88±18.78ng/L and 0.19±0.11ng/L. The regulation model for
Three Gorges Reservoir increased the ecological risk of mercury.
Still, even though the concentrations of Hg in the study areas
were low, a long-term water quality monitoring in Three Gorges
Reservoir was necessary.
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RG1-P31
COMPARISON OF DIFFERENT REAGENTS FOR SELECTIVE
MERCURY REDUCTION IN WATERS
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For mercury analysis in natural water samples, mercury has to be
reduced to elemental mercury. Tin chloride (SnCl2) is commonly
used for this purpose. In our studies different reducing agents have
been tested for their efficiency in reducing dissolved naturally
occurring mercury species to elemental mercury. The investigations
were made in regard to the application for a species selective
enrichment of elemental mercury onto gold-columns directly from
the aqueous sample. In a recently developed system this direct
adsorption was used for preconcentration of dissolved mercury,
i.e. without cold vapour generation. Subsequent quantification
was performed after thermal desorption by atomic fluorescence
spectrometry [1].
We found that by using SnCl2, tin is alloyed on the gold surface.
0
This gold/tin alloy adsorbs Hg from the liquid sample but no
release of Hg is achieved by thermal desorption. Therefore, either
the formation of the Au/Sn alloy has to be avoided by adequate
rinsing of the column, e.g. by ethylenediaminetetraacetic acid, or a
non-metallic reductant is to be used. We compared the reduction
efficiency of sodium borohydride, hydroxylamine, formaldehyde,
2+
sodium formate, ascorbic- and formic acid towards inorganic Hg species with the reduction efficiency of tin chloride. Furthermore,
the behaviour and stability of organic mercury compounds towards
these different reducing agents were tested and matrix interferences,
e.g. the influence of dissolved organic carbon, were studied.
All tested non-metallic reductants that form gaseous by-products
significantly reduce the adsorption efficiency (10-45%) on the
gold surface. Furthermore, the gaseous by-products quench the
fluorescence intensity causing a decrease in sensitivity. When using
ascorbic acid and hydroxylamine the reduction efficiency depends
on the concentration of the reductant. A complete reduction
is achieved with 1-5 % (w/w) hydroxylamine or 2.5-5 % (w/w)
ascorbic acid, respectively.
[1] A. Zierhut; K. Leopold; L. Harwardt; P. Worsfold; M. Schuster,
J. Anal. At. Spectrom. 24 (2009) 767.

TG3-P16
MERCURY CONCENTRATION IN DEWATERED SLUDGE
FROM SEWAGE AND WASTEWATER TREATMENT PLANTS
AND ITS EMISSION ASSESSMENT

containing toxic metals can affect the environment. This study
measured the distribution of total mercury (THg) concentration
in dewatered sludge. Dewatered sludge cakes were obtained in
total 15 sewage and wastewater treatment plants in Korea for
three seasons (spring, summer, and fall) in 2010. Note that there
are three types treatment plants in Korea; treating sewage only
(STP), wastewater only (WWTP), and both sewage and wastewater
(SWWTP). Distribution of THg concentrations in dewatered
sludge cakes ranged 0.464~2.247 mg/Kg for STP as dry weight basis
(d.w.), 0.147~10.249mg/kg d.w. for WWTP and 0.010~36.71mg/
kg d.w. for SWWTP. Using THg concentrations in sludge and daily
amount of sludge production, the mercury emission from dewatered
sludge cake were estimated, and calculated emission estimates
ranged 16.635~198.81 g/day in STP, 1.563~78.829 g/day for
WWTP, 0.282~177.11 g/day for SWWTP. These results imply that
considerable amounts of mercury are emitted into the environment
by dewatered sludge.
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PHOTO-DEGRADATION OF METHYLMERCURY
MEDIATED BY HYDROXLY RADICAL IN NATURAL WATER
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Mercury, especially methylmercury (MeHg), causes neurological
and developmental disorders in humans and biomagnified
through the food chain in aquatic ecosystem. The photo-chemical
degradation of MeHg in natural surface water is an important
pathway for reducing the bioavailability of MeHg to aquatic biota.
Hydroxyl radical (OH•) is one of the most powerful oxidative
reagents of the reactive oxygen species, and produced by solar
irradiation in natural surface waters. There are many sources of
OH• photo-formation in natural waters, such as the photolysis
of hydrogen peroxide (H2O2), dissolved organic matter (DOM),
and the photo-Fenton reaction. It is reported that bicarbonate
(HCO3-) and chloride ions (Cl ), which are common ionic species
in water, and act as OH• scavengers with higher reaction rate with
OH•. The objectives of this study were to elucidate the kinetics
and mechanism of MeHg degradation in natural water especially
mediated by OH•.in the presence of various ions and organic
matters. The results showed that the addition of Fe(III) or Cl in the
solution enhanced the photodecomposition of MeHg. However, the
addition of natural organic matter (NOM) or H2O2 in the solution
inhibited the MeHg decomposition rate. These results imply the
competitive or hindering effect of NOM, H2O2, and Cl with MeHg
when reacting with hydroxyl radical. Further study regarding
kinetics and mechanism of MeHg photo-degradation is needed in
order to predict the fate of MeHg in an aquatic environment, and
preventing bioaccumulation of MeHg in food webs.
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Dewatered sludge cake which is solidified waste produced
from sewage and wastewater treatment plants, contains high
concentration of various toxic trace metals including mercury
(Hg). In spite of its chemical characteristics, a great part of the
dewatered sludge goes into the landfill, incinerate or dispose into
the ocean in many countries including Korea. Therefore the sludges
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MS18O7
UNEP’S DEMONSTRATION OF MERCURY CAPTURE IN
WET CENTRIFUGAL SCRUBBER OF COAL THERMAL
POWER PLANT
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Practically one-third of coal thermal power plants in Russia are
equipped with wet centrifugal scrubbers with Venturi’s coagulators
to catch the fly ash. This equipment, as a rule, does not provide
the modern regulatory requirements for particulate emissions. In
addition, CAMR rules (special program EPA) foresee a significant
reduction (70%) of mercury emissions and include measures
to modernize the gas-cleaning equipment to capture mercury
compounds. As part of the EPA program an appropriate methods
have been proposed for improving the efficiency of mercury
catching in wet centrifugal scrubbers of coal thermal power plant.
It is shown that the increase in density of Venturi’s coagulator
irrigation up to 0.4…0.5 liter per Nm3 in the regime of closed cycle
of irrigation raises the degree of catching of flying ashes of coal
thermal power plants’ boiler up to 98.8%, i.e. more than 4…6 times
as much in comparison with the regular regime. Up to 45% of the
total contents of mercury in coal at existing regimes of its burning
is caught in the pulp as soluble in water or associated with ashes
compounds and depends a little on density of scrubbers’ irrigation.
Thus more than half of mercury is not caught in scrubbers and is
thrown out into atmosphere as metallic mercury vapors.
It is offered to introduce chemical oxidizers into scrubbers’
irrigation water with the purpose of increase in a degree of mercury
vapors catching from flue gases due to its transformation into
soluble compounds of bivalent mercury. Model experiments for
oxidation of metallic mercury in gases (in particular, in the air) via
bubbling through aqueous solutions of oxidant (KMnO4, NaOCl,
KClO3, K2S2O8 and some others) at different pH show a promising
results in application of oxidizers solutions. In particular, acidified
KMnO4 solution is effectively oxidize a metallic mercury vapor even
at low concentrations of 0.1% and moderate temperature. So the
use of oxidizers within scrubbers’ irrigation water can powerfully
increase the degree of mercury capture from flue gases.
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