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TUESDAY ORAL
Marine mercury cycling in a changing environment

HEIMBURGER-BOAVIDA, Lars-Erict
(1)CNRS-Mediterrianean Institute of Oceanography

We are mostly exposed to mercury in the form of methylmercury,
when we eat fish from our oceans. The Minamata Convention aims to
protect human health from the adverse effects of mercury via the re-
duction of anthropogenic inarganic mercury release. To understand the
efficacy and time-scales of reduced mercury emissions on fish meth-
vimercury levels, we must precisely quantify the amount of anthro-
pogenic Hg in the ocean and fully understand the drivers controlling
methylmercury production. in this talk | will address the two aspects
of eavironmental change likely to impact the marine mercury cycle in
the future: reduced anthropogenic inorganic mercury emissions and
‘changing climate. Metcury is one of the least concentrated elements in
the ocean and measurements remain a challenge today. This makes it
difficult to precisely guantity the amount of mercury in the ocean, and
0 estimate how much anthropogenic mercury we have added. | wil
briefly address the technical issues and show perspectives for marine
mercury and mercury species measurements. Several lines of inde-
pendent evidence speak in favoer of in sitt methylmercury production
_in oxic seawater: (1) recent large scale oceanographic expeditions find
subsurface methylmeicury maxima in every ocean basin; (2} incubation
experiments with isotopically labeted mercury spikes shaw significant
in situ mercury imethylaton in oxic seawater; (3} mercury stable isofope
“signatures of marine fish indicate that 60-80% of the methylmercury is
produced in open ocean subsurface waters; {4} carbon stzble isotopic
signatures of fish methylmercury have a clear marine imprint, suggest-
ing again in situ methylmercury production in the open ocean. A major
breakthrough has been made with the discovery of key genes, that
control mercury methylation in anaerchic Hg methyiators, The hgcAB
genes have been found in nearly all anaercbic environments and sea
ice, yet only at very low abundances In oxic open ocean waters. The
question of “whao” methwiates mercury in the open ocean remains to
be answered. | will review the current state-of-the-art of the marine
hiogeochemical Hg cycling, and try to give ideas for future research.

WEDNESDAY ORAL
Terrestrial mercury cycling in a changing environment

JISKRA, Martin*
(LiUniversity of Basel

In this plenary tatk, | wili discuss recent advances in terrestrial mercu-
_ry research and provide an outlook on emerging questions associated
with terrestrial mercury cycling in a changing environment. Soils con-
tain the largest pool of mercury at the Earth's surface. With the expect-
ed decline in anthropogenic mercury emission under the Minamata
convention, the fate of this terrestrial mercury will play a central role n
“how fast freshwater and marine biota will recover from anthropogen-
ic mercury poliution. The dual rele of vegetation and soiis in drawing
down and storing atmospheric mercury and at the same time releasing
it 1o aquatic ecosystems or back to the aimasphere makes it ¢ritical o
understand how terrestrial ecosystems react to environmentat chang-
es, Over the last years increasing evidence, in particular from mercury
isotope fingerprints, suggests that terrestrial vegetation acts as a pump
for atmospheric mercury. The uptake of atmospheric mercury by veg-
etation appears to be a mailor driver of iercury storage in soils, sea-
sonal variations in atmospheric mercury concentrations and mercury
transfer to aquatic ecosystems. Climate change has a broad impact on
terresirial ecosystemns, which in turn affects terrestrial mercury cycling.
Plant growth increased over the last decades driven by CO2 and nitro-
gen fertilization and may have fed fo an increase in the plant mercury
pump and therefare in deposition to terrestrial sufaces. Other phe-
nomena such as permafrost thaw, drought or deforestation however
may release large amounts of mercury into aquatic ecosysiems or the
atmosphere and thereby counter-act efforts in curbing anthropogen-
ic mercury emissions. Understanding the relative impertance of these

processes and predicting how they will evolve in the future poses a
great challenge for research and policy making.

THURSDAY ORAL

The microbiome: modulating methylation in the envi-
ronment and biota

SILBERGELD, Elien K*
{1)Johns Hopkins University

Our concepts of mercury as a global pellutant are largely shapad by our
knowledge of the complex relationships and transitions of mercury from
inorganic to organic species (&WHO). These transitions not only condition
Frvironmenial fate and transport is conditioned bui also ecotoxicity as
well as taxicity to humans is also defined in large part by mercury speci-
ation, In addition, research on individual susceptibility has been linked to
specific human genes (Basul,

Responses to mercury expasures are based on the standard toxicological
model of ADME in which the crifical stages are arrayed in a process be-
ginning with external exposure, absorption of an infernal dose, delivery
to target organs, metaholism, excretion, This model was expanded to
include external exposure and more defined stages of organ and argan-
ism response but the basic ADME maodel been maintained with all stages
after absorption assumed o take place with the exposed organism (NRC
In 2012, we proposed that this concept requires revision to incorpo-
rate the new science of the microbiome. Af that fime, there was com-
pelling evidence that microhiomes in the environmeantal and the human
gut were capable of methylating and demethviating arsenicals based
on experimental evidence in vitro and in vivo (Dietert and Silbergeld).
Since that time, further work has shown that the mammalian gut mi-
crobiome can achivate procarcincgens, de-activaie pharmaceuticals,
and alter cther substances.

It has long been known that environmental microbiomes may passess
bacteria that methylate and demethylate mercury. Additional evidence
now indicates that as with arsenic, bacteria within the human gut mi-
crobiome possess the same metsbolic pathways 1o methylate and
demethylate mercury. The implications of these findings are important
for several reasons: (1) alter risk assessments for mercury hased on
speciation; (2) explain population or individual differences iy cutcomes
related fo mercury based on differences in gut micrcbiomes in addition
to human genomes (Rodriguez): (3) present opportunities for prevent-
ing toxicity through regulation of host microbiomes.

FRIDAY ORAL

Mercury reduction from power and industry - how
much is possible?

SLOSS, Lesley!
{Dinternational Energy Agency — Clean Coal Centre

Coal combustion is a major source of mercury emissions to the atmos-
phere globally and this sector is specifically targeted under the Mi-
namata Convention. Unlike sources such as small-scale gold mining,
stationary coal combustion sources are casy to identify and quantfy.
Also, it is theoreticaily relatively simple to reduce emissions of mercury
from coal combustion, Technologies are commercially available which
can reduce emmissions by, in some cases, over 90%. However, some
sources can be challenging. Further, smaller combustion sources and
industry often slip under the radar for emission control whilst stili being
responsible for a significant quantity of emissions giobally.

The challenge of mercury reduction is often more economic or pelitical
than technical. Whilst many western economies are starting fo turmn
their back on ccal, emerging economies may pricritize energy security
over sustainability and see coal as an affordable option for decades to
come. It is possible for these regions to minimize emissions of pollut-
ants, including mercury, whilst transitioning to cleaner energy options.
For this to happen, countries must work together to share experiences
and expertise, Funding will have to be mobilized in regions with finan-
cial fimitations.
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1.1A Atmospheric mercury cycling and transformations:
Insights from measurements and models

SUBSTANCE FLOW ANALYSIS FOR MERCURY IN PO-
LAND FOR YEAR 2016

PANASIUK, Damiant
(1¥Cardinal Stefan Wyszynski University in Warsaw, Poland

Summary: Substance flow analysis (SFA) is a useful tool for providing
environmental policy. It shows main pollutant emissions to awr, water
and sail, as welf as flows between environmental compartments. Due
to official national inventory for 2016 coal and fignite combustion in
the energy sector is a main source of mercury ermission to the atmos-
phere in Poland (5.1 Mg/year} before other industrial sectors (4.2 Mg}
and residential sector and commercial plants (0.9 Mg). Another sources
of emission to air was estimated by author: from use of mercury-con-
taining products based on maodel for distribution and emission (0.8 Mg)
and from dental practice and bodies cremation {0.3 Mg). From mercury
foad 11.5 Mg emitted fo air, part (7.8 Mg) is deposited to soll inside
Boland. Due to E-PRTR data for 2018, reported mercury releases and
transfers to water in Poland was 0.97 Mg, mainly from large and me-
dium industrial facilities {0.91 Mg} and zalso from urban waste water
treatment plants 0.06 Mgl Lack of amalgaim separaters was important
“source of mercury in urban waste waters. Sewage sludge from urban
WWTPs Is later source of mercury emission o soif in agriculture {0.31
Mg). Mercury discharges to water and soil from dental amalgam in bur-
ied bodies was estimated on level 0.16 Mg, Significant flow of mercury
to mumicipal wastes is associzted with use of mercury-containing prod-
ucts (6.6 Mg mercury In batteries, light sources and other electrical and
electronic eauipment launched to the market in year}, Load of 1.7 Mg
of mercury is transferred to municipal landfills, next 3.7 Mg is re-col-
fected and stored safely. Another significant mercury flow in wastes
{10.0 Mg annually} originate from dental practice. Mgjority of mercury
contained in dental amalgam is re-collected in dental clinics and stored
safely. However load 2.9 Mg is transferred to infectious medical wastes
and later incinerated in industrial plants and stored safely.

TRACE OF PM2.5 SOURCES BY USING MERCURY 150~
TOPE IN TEN MEGACITIES OF CHINA

-

-LIU, Chen; FU, Xuewu

Both PMZ2.5 and total gasecus mercury {TGM) serve as an important
-atmospheric pollutant in urban areas and pose a heatth risk to human.
Because PM2.5 and PBM are strongly bounded, and different mer-
cury isctope signature could be observed from different scurce. So
mercury isotope can be used as a tracer for PM2.5 sources. TGM and
particulate bound mercury (PBM) were collected in summer and win-
‘ter for ten megacities of China including: Shanghai, Beiling, Wuhar,
Chengdu, Guivang, Shifiazhuang, Lanzhou, Jinan, Guangzhou, Zheng-
zhou, Twe sampling sites were selected including urban and suburban
stations for each of the city, Diurnal TGM and PBM concentrations
were 2.89+1.28 pgemn-3, 170.05+270.52 pgem-3 (15D} In summer
and 2932152 ngem-3, 127.646x336.79 pgem-3 in winter, respec-
fvely. Mass-independent fractionation (MIF} of TGM were A199Hg-
-0.09+0.07%0 (25D, n = 28) in winter and -0.0420.05%. {250, n = 30}
in summer, Only minor seasonal variations were observed asA19%Hg
is 0.05%s negative than summer. This may cause by different anthro-
pogenic sources as coal heating contribute much mercury in winter
which gave much negative A199Hg value by fossil fuel burning. North-
ern cities have significantly higher {t-test, P<0.05) MIF ofA199Hg
(-0.09+0.06%e0, 25D, n = 35} than southern cities (-0.03+0.04%., 250,
n = 23) due to their difference in energy and industrial structures.Be-
cause coal-fired power plants are the major mercury source of north-

ern area whereas more mixed industrial source in the south such as
chemical plants and ore mining. Positive matrix factorization (PMF)
results, by making use of the combined data sets of total gaseous mer-
cury {TGM),parficular bound mercuryiPBM}, OC, EC, hydrophilic ions,
trace elements and meteocrological parameters, suggested that atmos-
pheric combustion source, crustal material source, secondary gollation
source {»B0%} is the most important sources of PM2.5 in these cities.
The research could guide the government to take better policies to
controf urban pollution sources,

UPDATED GAS-PARTICLE PARTITIONING MODEL FOR
ATMOSPHERIC OXIDIZED MERCURY

WU, Qingru’; WANG, Shuxiac!
(1) Tsinghusa University, China

Gas-particle partitioning of reactive gaseous mercury (RGM) is one
significant precess impacting mercury transportation in the air, Mul-
fi-pollutants observation in three Chinese sites indicated gas-particle
partitioning coefficient (Kp) s impacted by surrounding mercury emis-
sions, temperature, relative humidity and particle compesition {mainly
water content (AWC), Nat+, T-). By using Generzlized Additive dMod-
el furictions describing the reletionship between Kp and temiperature,
water content under different relative humidity were developed. When
relative humidity is lower than 60%, Kp is mainly dominated by tem-
perature according to the regression analysis, lg{1/Kpl=-3024{1/T)+11
(RZ2=0.43). Otherwise, Kp is under the joint impact of temperature, par-
ticle composition and relative humidity temperature. However, the value
of Kp finally refied on temperature and water confent based on Akaike's
information Criterion {AIC) and R2 values for each analysis, lg{1/Kp)=-
2302 1/TH30I0g(AWCI+12 {R2=0.465). in both conditions, RZ value of
the regression model will be improved by 9.5-1.2 when excluding the
noint under the impact of emission sources, because thie model has not
accounted for different mercury speciation profile of the emitted sourc-
es. The use of local observation data to parameterize RGM partitioning
in the proposed models potentially improves the estimation of mercury
cycling in chemical transport models and elsewhere.

MERCURY EMISSIONS AND POSSIBLE AIRBORNE PHO-
TOCHEMICAL REDUCTION OF OXIDIZED MERCURY
OBSERVED DURING AIRCRAFT MEASUREMENTS IN
THE EMISSIONS PLUMES OF ALBERTA OIL SANDS FA-
CILITIES

MCLAGAN, David®: STEFFEN, Alexandra® STUPPLE, Geoffrey W2,
WHEELER, Michzel?; U3, Shao-Meng?, WENTZELL, Jerery J.BZ LIG-
GHO, John? DARLINGTON, Andrea®: HAYDEN, Katherine?
{1)Technical University of Braunschweig

{2nvironment and Climate Change Canada

In 2018, Environment and Climate Change Canada {(ECCC) conducted
an alrcraft monitoring campaign of the industrial mining facilities of the
Athabasca Oil Sands in Alberta, Canada. The National Research Council
of Canada's Convair-580 was equipped with an array of atmospheric
gas and particulate contaminant and meteorelogical instruments for
the characterization of emissions and chemistry processes occurring
directly in and around emissions plumes of these facilities, Among these
instruments was a Tekran 2537X setup to measure gaseous elemental
Hg (GEM). The system was fitted with a 0.45um Polytetraflucroeth-
viene (PTFE} filter and 2 soda-lime frap to remove gaseous oxidized
mercury (GOM) and particulate bound mercury (PBM). 30 flights were
completed in total and included emissions *hox” fiights multi-height,
box flight paths circumnavigating an entire facility), used for determin-
ing emissions strength, and “transformation” screen flights (2 series of
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multi-height screens that track the plume at increasing distance from
the facilities), used to determine contaminant concentration changes
in ageing plumes associated with photochemistry, dilution, and dep-
osition. Significant positive correlations between GEM and primary
pollutants {e.g. black carbon, ulira-fine particulate counts, SO2, NOx}
chserved in box flights showed there were minor, but detectable emis-
sions of GEM being released from the facilities. GEM emissions were
strongest at In Situ (steam-assisted gravity drainage) facilities, which
is a heat-driven extraction process used for deener bitumen deposits
that may have the tendency to liberate more mercury from hitumen
than surface mines. Gaseous oxidized mercury {GOM) or particulate
bound mercury (PBM) measurements were not made on these flights.
but these species make up a much higher proportion of atmospheric
mercury near industrial sources. Thus, considering the observed GEM
emissions, we could also expect emissions of GOM and PBM. Trans-
formation flights generally showed increasing GEM concentrations on
the edges of emissions plumes and as the plume aged. The positive
correlation with ozone, a tropospheric contaminant generated phe-
tochemically, was highly significant during these flights, while prima-
ry pollutards were significantly, but inversely, correlated. A possibie
rmechanism for the elevated GEM concentrations cbserved on plumes
edges and in aged plumes at greater distance from the facilifies is the
photochemical reduction of GOM and/or PBM to GEM, This process
is an expected reaction mechanism in surface waters, yet until recently
it was not thought to occur in the atmosphere. These resuits add to an
emerging body of rescarch that suggest photachemical generation of
GEM could also be an important atmospheric process.

MULTI-CENTURY RECONSTRUCTION GF ATMOSPHER-
IC HG{0) TRENDS IN NORTHERN CANADA USING TREE-
RINGS.

LEHNHERR, lgor; PORTER, Trevor?; CLACKETT, Sydney?; GHOTRA,
Avneett

(1)Cepartment of Geography, University of Toronto

The atmospheric Hg(O) reservoir plays a key role in the global Hg cycle,
facilitating long-range transport, and coniributing a significant input
of Hg to many ecosystems. An improved quantitative understanding
of the atmospheric Hg(0) pool and historical anthropogenic emissions
is ey to be able to predict how reguiatory action {i.e., the Minamata
Convention on Mercury} will affect Hg concentrations in various en-
vironmental compartments and foodwebs, and thus exposure risk in
human populations. Due to the fimited temporal duration of the in-
strumental atmospheric Hg record, natural Hg archives such as lzke
sediments, peat cores and ice cores have been used to infer long term
temporal trends in atmospheric HglO) concentrations and Hg depo-
sition. Tree-rings have recently been suggested as potential archives
of past atmospheric Hg(0) Tree-rings have numercus advantages over
other archives, for example, they are annually resolved with excelient
dating control, span centuries to millennia, and provide extensive spa-
tial coverage over farge areas of Earth’s surface, We present an annu-
ally-resolved tree-ring Hg record from the Klondike Goldfields, where
the gold-Hg amalgam method was used to recover fine gold from plac-
er ore, to demonstrate that Hg concentrations in white spruce tree
rings are consistent with the history of local mining activity. Given that
white spruce tree-rings faithfully record atmospheric Hg(0), we use this
apoproach to reconstruct temporal trends in atmospheric Hgl0) span-
ning from 1400 AD ta present-day, from various regicns in northern
Canada, including continental sites {central Yukon, northern Yukon) and
coastal sites {Mackenzie River Delta, Northwest Territories). While re-
gional differences exist in the fiming of the initial increase atfributed to
anthropogenic emissions and the timing of maximum Hg{0), the fastest
rate of increase in Hg concentrations occurs between 1850 and the
mid 20th century at all sites. Furthermore, the enrichment factor in
moclern Hgl0) refative to the pre-industrial baseline estimated from
tree rings appears to be somewhat lower compared to enrichment
factors similarly calculated from sediment and peat cores. Important

methodologicat considerabions such as replication and the need to cal-
culate adjusted Hg concentrations to account for systematic inter-tree
differences will also be discussed. Overall, tree-rings show tremendous
promise for various applications such as validating emission inventories
and refining atmospheric Hg models.

PHYTOMANAGEMENT OF CHLOR-ALKALI TAILINGS
DUMPS USING TREES: TRANSFER OF HG, PLANT PRO-
DUCTIVITY AND IMPACT ON MICROBIAL COMMUNI-
TIES

CHALQT, Michelt; BERTHEAU, Coralie!; YUNG, Loict; PLACET, Vin-
cent!; DURAND, Alexis*; CHALOT, Cyril*

{1)Université de Bourgogne France-Comié

Hg is a contaminant classified within the quantitatively most important
pollutant groups known 3s trace elements (TEs), It is highly persistent in -
the soil environment and is classified as a “priority hazardous substance”
by the Agency for Toxic Substances and Disease Registry (ATSDR) due
to its toxicity, mobility, and long residence tirme in the atmosphere, Here
we have explored the fate of Hg within tree plantation and its accom-
panying vegetation, as well impact of Hg on microbial communities at a
chlor-alkali tailings dump located in the North East of France. We first
demonstrated that most of the Hg detected in the aboveground parts
of Salicaceae trees collected at that site had entered the poplar leaves
through exclusively through an atmospheric pathway. We further char-
acterized aboveground and belowground microbial populations in the
environment of planted trees. Aboveground and belowground poplar
habitats host completely different fungal communities, as highlighted by
the core microbiome of the four habitats that represent only reduced
to 5.9% of the total OTuUs. Leaf and stem habitats were characterized
by few dominant OTUs such as those from the Dothideomycete class
producing mutual exclusion with other OTUs. Aureoabasidium pullufans,
one of the dominating OTUs, was further isolated from the leaf habitat,
in addition to Nakazawaea populi species, which were found to be Hg
resistant. We also studied the accompanying vegetation under the pop-
far trees that can be valorized within industrial processes and the trans-
fer of Hg into this vepetation, with nettie as the dominant species. The
nettle biomass vields are lower than or egual to the lower range of the
values obtained when using traditional nettle crop cultivation practises.
The properties obtained in this study are equal to or better than those of
hemp and flax and make this nettle biomass very promising for compos-
ite application. Altogether, these findings provide an improved point of
reference for research on vegetation, associated microbes and insects in
the phytomanagement of chlor-alkali tailings dumps.

1.3A Regional and local scale stable isotope studies in
mercury biogeochemical cycling and bioaccumulation

MERCURY CYCLING IN THE PACIFIC OCEAN AS RE-
VEALED BY MERCURY STABLE ISOTOPES

MOTTA M,, Laura C.= BLUM, Joel D% POPP, Brian N JOMHNSON,
Marcus W UMHALL Blaire P% DRAZEN, Jeffrey C% HANNIDES,
Ceceliz C. 5% WASHBURN, Spencer J.1; BENITEZ-NELSON, Claudia
R2 CLOSE, Hilary G2

{(1)Department of Earth and Environmental Sciences, University of
Michigan

{2iDepartment of Earth Sciences, University of Hawali at Manca
{3)5chool of Earth, Ocean and Environment, University of South Carolina
(4;Department of Oceanography, University of Hawaii at Manoa
{51Rosenstiel Schoot of Marine and Atmospheric Science, University
of Miami
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The photochemical decomposition of methylmercury {MeHg) in the
surface ocean is an important pathway in the biogeachemical cycle
of the global pollutant mercury (Mg}, because it limits the amount of
Hg available for bicaccumulation In marine crganisms. Despite the
crucial importance of this pathway there are many unanswered ques-
tions about photochemical reaction mechanisms and the relative im-
poertance of various MeHg species that lead to Hg incorporation into
the food web, Numerous studies have shown that the dominant cause
of odd mass independent isotope fractionation (MIF) of Hg in marine
foodwebs is due to the partial photochemical decomposition of MeHg,
with the residual MeHg containing a distinct MIF fingerprint incorpo-
rated into low traphic level organisms and bicaccumulated without
additional MIF. Based on this understanding we investigated the pho-
tochemical degradation, uptake, and bioaccumulation of MeMg using
He stable isotope analyses of various components of the marine food
web in the Central Pacific Ocean, The isotopic signatures of Mehg
from photochemisiry experiments, measurements of marine parficles,
rooplankton, and pelagic fish demonstrate that there are two impor-

tant photochemical degradation pathways that directly impact the pool

of MeHg available for uptake into the marine foodweb, We will discuss
the relationship between the isotopic composition of marine MeHg
subjected to photochemical decompasition and the Hg stable isctope
signatures preserved in marine particles, zooplanidton, and fish, These
Hg isctope measurements shed light on abiotic and biofic production
and degradation of MeHg throughout the marine water column, and
emphasize the importance of marine particles and zooplankion in the
vertical fransport of Hg.

USING MERCURY STABLE ISOTOPES TO UNRAVEL
METHYLMERCURY SOURCE ORIGIN AND DISTRIBU-
TION IN TUNA FROM THE SOUTH WESTERN PACIFIC
OCEAN

POINT, David®; SONKE, Jercent; MEDIEU, Anais?; RENEDG. Marina®;
LORRAIN, Anna? JISKRA, Martin®; ALAIN, ValéRie?; PETHYBRIDGE,
Heidi*: MUNARON, Jean Marie?; SEUNGHEE, Han®

{1)0bservatoire Midi-Pyrénées, Université Paul Sabatier Toulouse 3
[ZYnsttut de Recherche pour le Développement {IRD)

{3Pacific Community, Oceanic Fisheries Programme, BP D5, 98848
Nouméa, New Caledeonia

{HCSIRO Oceans and Atmosphere, Australia

{5¥5chool of Environmental Science & Engineering, Gwangju Institute
of Science & Technology (GIST)

In the tropical Pacific Ccean, funa contribute significantly to the hiveli-
‘hoods, food and economic security of many island nations. Tuna fisher-
ies from the South Western Pacific Ocean (WCPG} account for a signif-
“jeant fraction of the world tuna catches representing 2 landing vatue of
-several billion US$. Mercury concentrabions in bigeye (BET), albacore
(ALB) and yellowfin tuna (YFT) increase in the foliowing order BET-
ALR-YFT. This species-specific pattern is assumed to reflect a relative
difference of foraging depth among the three-tuna species, with YFT
occupying a more epipelagic habitat compared to mesopelagic BET in
the WCPQ. At the species level, spafial gradients not explained by fish
size hiave also been observad with increased mercury concentrations
at southern laGitudes (10S5-205) relative to the egquatorial regions {0-
105}, with BET exhibiting the strongest latitudinal gradient. To investi-
gate if changes in foraging ecology, and/or differences in marine MeHg
biogeochemistry and sources contribute to the geographical trends
observed, mercury stable isctopes {d202Hg, D199Hg) and additional
trophic tracers {d13C, d15N) were determined at high spatial resolu-
tion on YFT, ALR, and BET samples from the WCPO, Complementary
samples including pelagic prey items, moliusks from local hydrothermal
vents and deep sediments were also considered for analysis, Finally,
high resolution MeHg oceanic profiles collected along the OUTPACE
cruise will also be shown, providing an oceanographic Hg context to this
study. High resciution regional Hg isoscapes ((202Hg and D199Hg)

between 20N and 208 will be presented for both YT and BET. These
isoscapes exhibit significant geographical trends, ranging for d202Hg
between 0.5 and 1.3pm for YFT and between 0.3 to 1pm for BET, and
for D199Hg between 2.4 to 3.2om for YFT, and between 1,3 tc 2.5pm
for BET, respectively. These results indicate that Hg stable isctopes in
tuna vary significantly with geography. Mercury concentrations anom-
alies not explained by size differences among the different individuals
sampled across this large oceanic region are related to spatial chang-
es in the D199Hg/ d202Hg ratio, with a sironger iatiudingl gradient
for BET refative to YFT. These results will be discussed in the context
of spatial changes in marine Hg biogeochemistry, and with consider-
ing variations in tuna foraging ecology reflecting changes in physical
oceanography across this region.

ENERGY BUT MERCURY: PINNIPED CONSUMPTION
INCREASES MERCURY EXPOSURE FOR THE GREAT
WHITE SHARK,

LE CROIZIER, Gaél; SONKE, Jeroen®; LORRAIN, Anne?;, HOYOS PA-
DILLA, Mauricio®; MUNTANER LOPEZ, Gador®; AQUINO BALEYTO,
Marct BESNARD, Lucien?;, MUNARON, Jean-Marie?; PGINT, David?
{1)0Observatoire Midi-Pyrenées, Université Paul Sabatier Toulouse 3
{2WUniv Brest, CNRS, IRD, Ifremer, France

{3MPelagios-Kakunja A, C. Mexico

(4)institute Politéenico Nacional, Centro Interdisciplinario de Ciencias
Marinas, Mexico ’

Methylmercury {(Mekg) is known to have deleterious effects on the
health of marine organisms, This contaminant is bioaccumulated over
fime and biomagnified along trophic chains, Because sharks are long-
lived species at the top of food webs, they are particularly prone to
MeHg contamination, potentially participating to their decline world-
wide, The great white shark Carcharodon carcharias is a threatened
species with some of the highest mercury (Hg} concentrations within
marine top-predators, alinost exclusively under the MeHg form. Sub-
adult and adult white sharks aggregate seasonzlly near coastal pin-
niped colonies in several parts of the globe, while they spend the rest
of the year in oceanic habitats. As predators themselves, pinnipeds
have higher MeHg concentrations in muscle than pelagic and mesope-
lagic prey. However, fat can represent up to 40% of the body weight
of pinnipeds and contains low Hg concentrations, mostly in inorganic
form and therefore poorly bioavailable. in this context, the aim of this
study was o evaluate the contribution of pinnipeds compared to pe-
lagic and mescpelagic prey in trophic mercury exposure for the great
white shark. For this purpose, 40 white sharks and 10 northern ele-
phant seal Mircunga angustirostris were sampled in a Northeastern
Pacific aggregation site (Guadalupe Island, off the coasts of Mexicol.
Shark subdermal fissues and seal hairs were analyzed for total mercury
concentration {THg} and isotopes of Hg, carbon (H13C) and nitrogen
(815N}, Our resuits were compared to the values of pelagic and mes-
opelagic organisms already published in the same area. White sharks
had A199Hg values similar fo both mesopelagic squids and the north-
ern elephant seals, but 8202Hg values closer fo the elephant seals.
Moreaver, a positive correlation was found between THg and 6202Hg
values as well as between THg and 513C or 815N values, reflecting
an increase in mercury contamination with the consumption of ele-
phant seals. Our siudy thus revealed that {} white sharks are mainly
feeding on pinnipeds near aggregation sites and to a lesser extent on
mesopelagic squids, (i) pinnipeds are the main source of mercury for
sharks at the population scale during the coastal season, i} pinniped
cansumption increases mercury exposure for sharks at the individual
scale. Overall, this work demonstrates that mercury isotopes are rel-
evant tracers of both diet and mercury source, and provide a better
understanding of the trophic exposure to a major contaminant during
the migratory life cycle of an iconic marine predator.
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INVESTIGATING ENVIRONMENTAL ORIGINS AND BI-
OACCUMULATION OF METHYLMERCURY IN A SUB-
ARCTIC ESTUARY

LI, Miling; KIRK, fane; YIN, Runsheng; GLEASON, Amber; KRABBEN-
HOFT, David; SCHARTUR. Amina; SUNDERLAND, Eisie

Methyimercury {MeHg} is a potent toxicant that can lead to adverse
health effects in human and wildlife. The primary route of MeHg ex-
posure for most human populations is seafood consumption. Norih-
ern indigenous populations are parficularly at risk of high exposures to
MeHg due to their iraditional diets primarily composed of fish and ma-
rine mammats. To better understand the mercury (Hg} biogeochemical
cycling in northern coastal ecosystems that provide important hunting
and fishing ferritory, we measured mercury concentrations, stable iso-
topes of Hg (6202Hg, A199Hg, A200Hg, and A201Hg), carbaon (§13C),
and nitrogen (515N} of a variety environmental samples from a large
subarctic estuary (Lake Melvillel, including piankton, shellfish, fish,
seals, and humans. We compare Hg isotopic composition of hair sam-
ples from indigenous populations with those of emvironmentat sam-
ples to further assess the environmentat arigins of MeHg for northern
communities. Results show methylation varies across seasons and geo-
graphic locations. Mammals and humans have enriched 5202Hg values
compared to their diet, probably due to the preferential demethylation
and elimination of lighter Hg isotopes. The presentation will also dis-
cuss how Hg isotopes provide insight inte the major environmental
origins of MeHg in northern populations.

SEABIRD HG ISOTOPIC SIGNATURES DOCUMENT
INTERANNUAL CHANGING DYNAMICS OF THE HG
CYCLE IN THE PERUVIAN COAST

RENEDQO, Marinat; POINT, Davidy;, SONKE, Jeroen!; GRACO, Mi-
chelle?; ECHEVIN, Vincents; DEMARCG, Herve*, GUTIERREZ, Dimi-
i, LORRAIN, Arwe®; BERTRAND, Amaudé; BERTRAND, Sophie®

{1)Geosciences Environnament Toulouse {GET)- Institut of Research
for Development (IRD) (Mnstituio del Mar del Perd (IMARPE)
{(3Laboratoire d'Oceanographie et de Climatologie: Experimentation et
Analyse Numerigue- [RD (4JUMR MARBEC 248- IRD

{5\Marine Environmental Sciences Laboratory (LEMAR)- IRD, UBO,
CNRS, IFREMER

{6)UMR MARBEC 248- RD

Along the coasts of Peru, the persistent coastal upweliing system,
knawn as the Northern Humboldt Current System, is one of the most
productive of the world ocean. Covering 0.1% of the surface of the
global ocean it accounts for >10% of global fisheries, with in particular
the anchowy {Engraulis ringens} production. This upwelling system off
Peru drives one of the most extensive and shallow oxygen minimum
zones [OMZ} {upper limit at ~20-100 m). At interannual time scales,
this region is mainly affected by the warm phases of the El Nine south-
ern oscillation (EN50O), which result in the reduction of the upwelling
efficiency, reducing drastically nutrient inputs to the surface layers.
Under these conditions, primary productivity is reduced, impacting the
whole ecosystem up to fish and top predators. ENSCG is also suspected
to influence the Hg cycle, in particular methylmercury production and
transformaticns. The Peruvian coastal region is therefore an interesting
case study to explore the potential evolution of the global marine Hg
given the predicted expansion of oceanic OMZ in a warming ocean,
Because Hg Isotopic signatures are a powerful tool to investigate Hg
sources and reactivity within marine compartments, we analyzed Hg
tsotopic composition in time series of seabird blood samples, which are
widely used as effective hioindicators of Hg contamination of the ma-
rine food webs, Blood samples from two seabird spacies, the Peruvian
boabies {Sula variegata) and the Guanay Cormorants (Leucocarbo bou-

gainvillii), were colfected in the breeding period from 2009 to 2016.
Both seabird species shared similar temporal patterns between mass
dependent {3202Hg) and mass independent (A199Hg) fractionation
signatures, suggesting interannual changes in Hg biogeochemical dy-
namics rather than strong trophic shifts {that were assessed by simulta-
neous 15N analyses), The most significant interannual variabions were
observed for A199Hg values (1.8520.02 to 2.57+0.04 %a), suggesting
important interannual differences in the exdent of Hg photochemical
processes, Variable 8202Hg values were also observed between years
(1.00x0.21 to 1.36+0.11 %), suggesting different extent of methyla-
tion/demethylation processes and/or an influence of changing vertical
mixing of different Hg sources. Overall, this work demonstrates that
Hg isotopic variations recorded in seabird samples help to explore the
link between the Hg cycle and climatic factors influencing the ocean
dynamics of the Humboldt upwelling system and its impact on the
epipelagic communities of the Peruvian coast,

VARIATIONS OF MERCURY ISOTOPE COMPOSI-
TIONS IN PENGUIN GUANO DEPOSITS DURING THE
LITTLE ICE AGE iN ANTARCTICA

ZHENG, Wang*; XIE, Zhouging®

{1ilnstitue of Surface-Earth System Science, Tianjin University
{2}5chool of Earth and Space Science, University of Science and Tech-
nology of China

Penguin guano depesits are important records of penguin ecological
history, providing valuable information for penguin population, dietary
change, migration, and environmental changes in Antarctica. Guano
deposits are also excellent proxy of the marine cycling of trace ele-
ments, including mercury (Hg}. Hg in guano is primary transferred by
penguins from the ocean in Antarctica. Previous studies on guanc de-
posits on Ross Island revealed significant changes in penguin popula-
tion during the Little Jee Age (LIA, ~15080-1850AD), a period charac-
terized by colder climate, stronger katabatic winds, cooler sea surface
temperature and larger polynyas {open water surface surrounded by
sea ice) than today. However, it is not clear how the climate change
during LA affected the bicgeochemical cycle of Hg.

Here we studied Hg isotope compositions in two guano sediment
cores located at Cape Bird, Ross Isiand {CB2) and near Zhongshan Sta-
tion (RNLZ), Antarctica, respectively, and investigated the potential link
hetween Hg isotope signals and climate change. Both cores showed
significant variations in A199Hg only at the onset of the LIA {(~1500-
1650AD;, but with different patterns. The RNL2 core showed relatively
low A195Hg at the onset of LIA and increased gradually during 1500-
1650AD, along with increases of Hg concentration and other bio-zle-
ments such as P, Cu and Ni, suggesting an increase of penguin popu-
laticn and penguin-sourced Hg input. Thus the increase of A199Hg is
likely caused by the increased input of marine-derived Mg, which may
have more positive mass independent fractionation {MIF} signals due
to marine photocchemistry than atmospheric or terrestrial Hg inputs.
tn contrast, the CB2 core showed relatively high A199Hg during 1500-
1550AD, and then decreased gradually at ~145CAD, and staved relz-
tively constant afterwards. Such variation of A19%9Hg is unlikely caused
by changes in Hg sources because hoth Mg concentration and %P
shawed little change during 1500-1650AD, suggesting that the pen-
guin population and Hg input from penguin remained relatively sta-
ble during this period. Therefore, we hypothesize that the change of
A199Hg at the onset of LIA was mast Bikely caused by changes in ma-
rine photochemistry of Hg, which may have been enhanced due to en-
farged or more persistent polynya. This chservation is consistent with
our previous study on another guano core on Ross Island (MB&}, which
also showed higher A199Hg values during ~1500-1650AD. Therefore,
Hg MIF in penguin guanc may serve as a potential proxy of Hg marine
photochemistry, which may provide further Insights into the dimate
change and penguin activities in Antarctica,
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1.8 Mercury methylation: contrasting microbial and ge-
ochemical constraints

THIOL FUNCTIONAL GROUPS ASSOCIATED WITH
NATURAL ORGANIC MATTER AND BACTERIAL MEM-
BRANES: CONCENTRATIONS AND THERMODYNAM-
IC STABILITIES OF COMPLEXES FORMED WITH MER-
CURYI(Il}

SONG, Yul: ADEDIRAN, Gbotemi® JIANG, Taot; BJORN, Erik® SKY-
LLBERG, Uit

{LiDepartment of Forest Ecolopy and Management, Swedish Universi-
ty of Agricultural Science

{2)Department of Chemistry, Umed University

Thial functonal groups associated with natural organic matter (NOM-
RSH) and bacteriat cell membranes (Mem-RSH) piay an important role
in bioavailabifity, cellular uptake and biotic transformations of Hglll).
Thermodynamic stability constants {fog K) of Hglil) compiexes formed
with thiol groups of Suwannee River NOM {2R101N) and membranes
“of the Hallll methylating bacteria Geobacter sulfurreducens PCA and
Desulfavibric desulfuricans ND132 were determined by competitive
ligand-exchange. Cysteine {Cys} was used as the competing ligand and
the equilibrium concentration of the formed HglCys)2 complex was
determined by a mass spectrometry. Side-reactions between Cys and
NOM, as well as the potential formation of mixed ligand complexes,
HglCysHNOM-RSH), were examined by isotope labelled 13C-Cys. To
determine concentrations of NOM-RSH and Mem-RSH functional
grouns, and to characterize structures formed with Hg{ll), we used Hg
LHl-edge EXAFS. We determined the concentration of thiol groups in
Suwannee River NOM and in membranes of G, sulfurreducens and
0. desulfuricans to be 7.5 + 04, 121 = 12 and 144 + 5 yumol g-1,
respeciively, The thermadynamic stability constant (log K £ SD) for
the formation of Hg{NOM-RS)2 [Hg2+ + 2RS- = Hg{NGM-RS)2} and
the mixed complex structure Hg{Cys{NOM-RS) [Hg2+ + Cys- + RS- =
HelCysiRS) was determined to be 46.0 £ 0.2 and 38.5 £ 0.2, respec-
tively. The log K for the structure HgMem-RS)2 {Hg2+ + 2Mem-RS- =
He(Mem-R5j2] of G. desulfuricans and D. sulfurreducens was 39.1 +
1.2 and 384 & 0.9, respectively. It should be noticed that log K for
HglCys)2 [Heg2+ + 2Cys~ = HelCys)2] was set to 37.5 according to
previous study; and the pia values of RSH (here RSH denote any thiol
group in Cys, NOM and membranes G, desulfuricans and D. sulfurre-
ducens) were set to 8.6, 10.0, 9.5 and 9.3, respectively. A key finding
“of this study is that, at pH < 7 when all thiol groups are protonated, the
log K values for ali complexes of Hg{RS)Z [Hg2+ + 2RSH = Hg(RS)2 +
2H+] are very similar, close to 20.0. Together with data on log K's of
-15 low molecular mass {LMM) thiols that have been previously deter-
_mined by the same method, our resulls offer an infernally consistent
thermodynamic data set for modelling the speciation and distribution
of Hg{lli among NOM, LMM and bacterial membrane asscciated thiols.
i witl thereby provide a new basis for an improved molecular scale un-
“derstanding of the processes of bacterial uptake, reduction/oxidation
and methylatdon of Hglil).

FERMENTATIVE BACTERIA DOMINATE MERCURY-
METHYLATING COMMUNITY iN THE WATER COL-
UMN OF A SULFATE-ENRICHED FRESHWATER LAKE

PETERSON, Benjamini; MCDANIEL, Elizabeth?, MCMAHON, Katherine?
{1}Environmental Chemistry and Technology Program, University of
Wiscansin - Madison

(2iUniversity of Wisconsin - Madison

Methyimercury is produced from inorganic mercury by microorgan-
isms living in anoxic environments, Understanding the fiming and
location of methylmercury producton is crucial to understanding
methylmercury uptake into the foodweb. Water column methylation
in freshwater lakes is a potentiaily critical source of methylmercury
to food webs in some systems due to the volume of anoxic habitat
and proximity to phytoplankton at the base of the food web, but
has been studied less than methylmercury production in sediments
or periphyton. Known methylating organisms are phylogenetical-
ly and metabolically diverse, but in many systems, sulfate-reducing
organisms are described as primarily respensible for methyimercury
production. In this study, we sought to identify likely hotspots for
methylmercury production in a lake with elevated suifate levels and
¢ identify methviaters from samples with different redox conditions
using genome-resolved metagenomics.

take Mendota is a eutrophic, sulfate-enriched lake with a high meth-
yimercury to total mercury ratio in the anoxic hypolimnion. We col-
lected depth-discrete geochemical and bacterial samples throughout
the stratified season. Mercury speciafion profiles supgested in-
creased methylation potential near the oxic/anoxic interface during
late season stratification. To investigate the methylating community
at this time point, we performed shoigun metagenomic sequencing
and searched for hgeA homologs {2 known marker for methylation
capabiliies) in the assembled contigs. We identified many hgcA se-
quences in the assembly that clustered with hgcA sequences from
known methylators, However, the hgcA+ population was dominat-
ed by non-canonical hgcA sequences. Genomic reconstructions re-
vealed that the hgcA+ genome hins were dominated by fermentative
Verrucornicrobia, Bacteroidetes, and Firmicutes in all of our metage-
nomes, Desulfobacterota, most of them with the capability for sulfaie
reduction, were aiso found throughout our metagenames, albeit at a
markedly lower abundance, Methanogenic Archaea and Syntropho-
bacterales bins were most prevalent in high-sulfide porfions of the
water column. Metal-reducing Geobacter bins were rare and only
identified near the oxic/anoxic interface, Using these bins, we can
hegin to probe how the ecophysiology of the methylating organisms
serve to link biogeochemical cycles to methylmercury production.
This study is further evidence that methylmercury production in high
suifate freshwater systems is not driven by sulfate-reducing organ-
isms. Instead, the hgcA+ population is dominated by non-canonical
ferrnentative organisms. This provides support for future studies that
will further characterize the links between biogeochemical redox cy-
cling and methylmercury production in freshwater lakes.

MICROBIAL BIOSYNTHESIS OF THIOL COMPOUNDS:
IMPLICATIONS FOR SPECIATION, CELLULAR UPTAKE
AND METHYLATION OF HG(II)

BJORN, Erik: ADEDIRAN, Ghotemi A% LIEM-NGUYEN, Van; SONG,
Yu?; SCHAEFER, Jeffra K% SKYLLBERG, Uif*

{1Umed University

{2}Swedish University of Agricultural Sciences

{3iRutgers University

Cellular uptake of inorganic divalent mercury {Hg(i}) is a key step in the
microbial production of neurotoxic methylmercury (MeHg). The uptake
mechanisms are not identified but low moelecular mass thiol {LMM-RSH]
compounds play important roles. Here we show that the iron reduc-
ing bacterium Geobacter sulfurreducens produces and exports sever-
al LMM-RSH compounds to concentrations exceeding 100 nM in the
assay medium. These compounds control the chemical speciation and
rates for cellular uptake and methylation of Hglll) via the formation of
He(LMM-RS)2 complexes {primarily with cysteine) In assays without
added thiols. We characlerized and quantified microbially produced
LMM-RSH compounds during Hellll methylation to gain new insights
about the role of these compeounds for MeHg formation, Our results
show that Hg{ll) complexes with weaker thermodynamic binding stabil-
ities such as those of mixed ligation with UMM-RSH, Cl- and OH- were
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methylated at higher rates than the stronger Hg{LMM-RS)2 species. We
further demonstrate that mederate differences in chemical structure
of LMM-RSH compounds can cause significant differences in methyla-
tion rate for the different corresponding Hgll MM-RS)2 complexes. We
also find that high nM concentrations of certain EMM-RSH compounds
promote significant increases in Hg(it) methylstion via unknown mecha-
nisms which cannot be explained by either thermodynamic modelling or
chemical structure alone. Combined, our resuits form a refined basis for
understanding Hg{ll) availability for microbial methylation and elaborate
on the multiple effects of LMM-RSH compounds for MeHg formation.

THE ROLES OF MERCURY CHEMICAL SPECIATION
AND BIOLOGICAL PRODUCTION OF LOW MOLECU-
LAR MASS THIOLS FOR METHYLMERCURY FORMA-
TION IN BOREAL WETLANDS

LIEM-NGUYEN, Van*; SKYLLBERG?, UIf; BJORN, Erik?

(D)Stockhalm University
(2)Swedish University of Agricultural Sciences
(3Umed University

The importance of the chemical speciation of dissolved Hgll for MeHg
formation has been demonstrated in laboratory experiments on model
systerns, There is however a lack of studies investigating this relation
in natural environments. In this work, we established a comprehensive
chermical speciation model for Hglt and determined Hgll methylation
rate constants, kmeth, in boreal wetland soils which have been identified
as major sources of MeHg. The speciation model included Hgll com-
plexes with inorganic sulfide (S-1I}, polysulfides (H25n}, thiols associat-
ed with natural organic matter (NOM-RSH) and specific low molecular
mass thiols (LMM-RSH), The prediction power of the Hgli model was
optimized by varying stabifity constants of Hg-sulfide and Hg-thicl spe-
cies within their published values, The concentration of NOM-RSH{zq}
shows a significant correlation {p < 0.001, R2 = 0.69) with the measured
Hgll{ag} concentration in porewater for the samples containing low S-
Il{aq) concentration {=1 wmoi L-1), but not for the medium and high S-
[lfag) concentration {>1 umol L-1X p > 0.05, R2 = 0.13). Thus, it seems
NOM-RSH(ag) controls the Hgl solubility below, but not above, 1 ol
E-1 of S-l{aq). The modeling results suggest that in these wetland scils
Hg{SH)20(aq) is the maost important species for celiutar uptake and meth-
ylation of Hgll at sulfidic conditions of > 0.4 M H2S5(aq). Eight specific
Ha{LMM-RS)2{aq) complexes were included in the speciation model
and these are likely to be more important than Hg(SH)20{q) for Hgll
uptake and methylation at ferruginous conditions when H2S5(ag) Is less
than 40 nM. A significant carrelation {R2>0.45, p<0.001) was observed
between total concentrations of biologically produced LMM thiol com-
pounds and kmeth. We propose that these LMM thiols are produced by
anaerobic microbes, and that the correlation with kmeth is reflecting a
refation between microbial activity and MeHg formation.

ROLES OF MICROBIAL COMMUNITIES IN REGULAT-
ING MERCURY METHYLATION IN PADDY SOiLS

L1, Yu-Rong?; GU, Baohua?

{(1¥Huazhong Agricultural University
{2)0ak Ridge National Laboratory

Rice ingestion has been recognized as an important route of dietary
exposure to neurotoxic methylmercury {MeHg) that is usually synthe-
sized in rice paddy soils. Although certain anaerobic microorganisms are
known to convert inorganic mercury (Hg} to MeHg and the discovery of
a two-gene cluster hgcAB has linked Hg methylation to several phyloge-
netically diverse groups of microorganisms, the prevalence and diversity
of Heg methylators in microbial communities of rice paddy soils remain
unclear: we also lack understanding of the role of non-Hg methylating

communities in MeHg accumulation. Here, we collected 141 paddy soil
samples from main rice-producing areas across China to identify the di-
versity of Hg methylator, and asseciations between bacterial commu-
nity composition {including both Hg and non-Hg methylators), and Hg
methylation efficiency {proxy as %MeHg), Resuits showed that %MelHg
in the paddy soils variad from G.005 to 2.838% at a national spatial scale,
which can be explained by the variations of soil microbial community
composition across different areas. We show that Hg methylating com-
munities are diverse, with iron-reducing bacteria (te., Geobacter} and
methanogens as the dominant taxa likely involved in Hg methylation in
the soil. Phylogenetic analysis also uncovered some hgcAB sequences
closely related to three novel Hg methyiators, Geobacter anodireducens,
Desulfuromeonas sp. DDH%64, and Desulfavibrio sp. 2 in these pad-
dy soils, Qur structure equation modeling suggested a much stronger
link between bacterial community composition and %MeHg, compared
to the abundance of methylating gene {hgcA) and edaphic properties.
More importantly, random forest models suggested a more important
role of nor-Hg methylators in predicting variations of soil %MeHg than
Hg methylators. Further analysis of microbial network revealed strong
co-occurrence patitemns between non-Hg and Hg methylators, suggest-
ing their interactions may affect MeHg production in paddy scils, These
findings shad new light on microbial community composition and major
clades driving Hg methylation in rice paddy soils..Our work highlight the
important role of both Hg and non-iHg methylating communities in pre-
dicting MeHg production in paddy fields.

ASSESSMENT OF MICROBIAL COMMUNITIES AND
GECCHEMICAL PARAMETERS DETERMINING THE
MERCURY METHYLATION iN SUBMARINE CANYON
SEDIMENTS (ATLANTIC OCEAN, SW FRANCE}

AZAROFF, Alyssat; GUYONEAUD, Rémy® TESSIER, Emmanuelt; DE-
BORDE, Jonathan?; GASSIE, Clairet; GONI, Mariscll; MONPERRUS,
Mathilde*

(UMR IPREM UPPA-CNRS

Microbial mercury (Hg) methylation transforms the inorganic mercury
(Ha(I} to the neurotoxin methylmercury (MeHg) in anoxic marine sedi-
ments. Both geochemical parameters and microbial activities constrain
the net MeHg production, and were studied in the Capbreton Canyon.
Twenty-three deep sea surface sediments were investigated within
the first 30 km of this Canyon. A muitidisciplinary approach combining
geachemicat parameters fe.l. organic carbon content {CGC} and grain
sizej, He(ll) and MeHg concentrations (by 1D-GC-ICP-MS} with micro-
organisms taxonomic diversity {16s DNA by MiSEQ) were investigated
in al} locations. Strong positive correlations have been found between-
geochemical parameters {OC and fine grain size} and mercury species
concentrations. Both Hg(il) and MeHg levels increased in deep sea
sediment, especially in the furthest location reaching 972 ng g-1 dw
and 2.1 ng g-1 dw, respeciively. Data showed that the MeHg pro-
portion decreased along this canyon suggesting higher methylation
production in coastal sediments. Sediment slurry incubations using
mercury isotopic tracers performed under biotic and abictic conditions
demonstrated that methyvlation potential was mainly mediated by mi-
crobial processes and was the highest for the coastal station. where-
as demethylation potential was similar for all stations. The taxonomic
diversity demonstrated the presence of twe main families of Deltap-
roteobacteria, Desulfobulbaceae and Desulfobacteraceae, suggesting
sulfate reducing bacteria were involved in the Hg methylation. The Hg
methylators using HgcA gene {by cloning and SANGER sequencing)
wiere investigated in the sediments. Deltaproteobacteria, notably Des-
ulfovibrionaceae, dominated the HgcA camrying communities, showing
sulfate reducers constituted the main Hg methylators in those subma-
rine sediments. Those results suggested the mercury-methylating mi-
crobial communities are constrained by the environmental parameters
promoting the sulfate reducing bacteria activities.
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2.6 Communities affected by Mercury Pollution

THE RESPONSE OF THE DEHCHO FIRST NATIONS
(CANADA) FOLLOWING FiSH CONSUMPTION NO-
TICES RELEASE AND INCREASED MERCURY LEVELS
MEASURED iN ENVIRONMENTAL DATA.

NORWEGIAN, Gladys?; RATELLE, Mylene?; SKINNER, Kelly®; SWAN-
SON, Heidi*; LAIRD, Brian?

{1iDehcho First Nations,

{Z¥Schoal of Public Health and Health Systems, University of Waterloo
(_B}Depar{meﬂt of Biclogy, University of Waterloo

“The Dehcho region in the Northwest Territories, in subarctic Canada, is
the land of over 3000 Dene members. Under the Dehcho First Nabions
{DFN) organization, Dene people aim to self-govern their region to
increase the sustainability of their lifestyle so the next generations can
beneft from the wealth and health of peopie and Lands. This objective
was sought through local initiatives including the implementation of
the first Indigencus protecied area in Caenada, the Guardian program
to monitor environmental and wildlife parameters, and several research
initiatives to investigate trends in environmental monitoring.

Since 2014, the Government of the Northwest Territories has emifted
Site Specific Fish Consumption Advice in several areas. Cumrently, 10
waater bodias in the Dehcho are assodiated with advice to limit the
consurrption of certain fish species, The tradifional diet of Dene, which
wias assessed in 1994 and 2014-2017, includes iocal fish consump-
tion. Lake trout. the second most consumed fish in the region, is one
of the species identified as having elevated mercury concentrations.
The DFN initiated a program to collect long-term mercury data to un-
derstand the impact of this contaminant on the Dene lifestyle, Mercury
data inwater and fish, as well as complementary environmental data, are
collected as part of an ongoing program facilitating community-based
water monitaring: the Aboriginal Aquatic Resources and Oceans Man-
agement. Additionally, academic collsborative projects measuring met-
cury in traditional foods, as well as human hair, bicod and urine were
developed. These initiatives are essential to understanding the impact
of climate change, including changes to the permafrost and nutrition
transitions in the region.

A comprehensive community strategic plan was developed to ensure
ongoing monitoring of the water and land. The findings will lead to a
strategy to cope with climate change challenges, improve resilience,
and build community-led solutions to preserve the traditional Dene
lifestyle while not increasing the risk to peopte’s health,

‘MERCURY HAZARDS AWARENESS PROGRAM AMONG
"DIFFERENT COMMUNITIES PARTICULARLY EMPHASIS
ON SCHOOL CHILDREN IN HISAR, HARYANA, INDIA

BALA, Ritu?
(1)Fnvironmental and Culture Society

Objectives were achieved by having different expert lectures at school
tevel as well as at central peints in the city. These lectures were followed
by a discussion session sensitizing the brain at the end bath at school
level as well a5 community tevel, This further include film screening
and power point presentation regarding the hazards of mercury. The
interactive nature sessions were proved to be effective and provided
lot of discussion amaongst students and teachers post every session.
The students were put into an hypothetical situstion which may lead
to mercury spill at different places of their use and what mitigation they
can have in the situation. The Mercury Awareness Programme was also
carried out in the communities. Seeking the maximum participation
of the people the, local leaders, local other NGO, influential persons

and key person of the community were contacted. The lecture cum
discussion, screening of films on the usage and hazards of Mercury,
animated film on spill management and participatory question answer
session were the key methods used for disseminating the information.
The Information and communication material on Mercury was also dis-
tributed; such as posters and handbiils. Important data was collected
and calculsied from the masses including schools regarding the instru-
ments they use at home, gender and age sensitization towards mercury
pollution and it was found that females in the age group of 14-26 were
keeper to learn the things about mercury pollution. Only 5% of the to-
2l group of students are aware of mitigation strategy after the spill of
mercury at home and most of them put their responsibility to their el-
ders in case of an mercury accident. Education level has a great impact
on the paradigm of mercury pollution and the people having qualifica-
tion ahave metric are more versatile towards the hazards of mercury
poliution then the illiterate people. Furthermore, epistolary exchange
has more effect as compared o verbal exchange and film screening.
This is something peculiar due to retaining capacity of written literature
like pamphlets etc. Further studies on these lines are in progress and
our society’s aim is te not only create awareness amongst the different
sections of the society but on the basis of our observation, we can
help the policy maker also regarding the waste management in the city.

MANAGING MERCURY EXPOSURE THROUGH CON-
SUMPTION ADVISORIES IN CANADA - SUCCESS OR
FAILURE?

KAMINSKI, Gregory®: DENNING, Allison*; AHMED, Nyemah!
{1)Health Canada

When evaluating mercury exposure through the consumption of foods,
Health Canada currently provides advice based on the assumption that
100% of total mercury is methylated, bicavailable, bioaccessible, and
absorbed, These assumptions are typically made in human heaith risk
assessments due to a lack of scientific data. As a result, the risk posed
to human health from mercury in country foods may be overestimat-
ed, which can lead fo consumption adviscries which may or may not
be necessary. Managing rercury exposure by issuing consumption
advisories has historically been a standard risk management strategy
in Canada primarily for hydroelectric developments, but also for any
other industrial activity that may in the future or has previously resuli-
ed in increased MeHg levels in fish which may be consumed by pecple
{including Indigencus communities). Unnecessary consumption advi-
sories can have negative impacts on human health, specifically among
Indigenous communidies, as they deter individuals from consuming
country foods and this may result in the consumption of potengally
less nutritious cemmercial foods and influence longer-term food se-
curity and consumption patterns. This disconnect can result in issues
related to the nutritional status and the overall practice of traditional
activities of indigenous peaples.

This presentation examines the extent of consumption advisories is-
sued in Canada and their linkages to industrial developments or cther
disturbances. Using fish consumption adviscries as an example, the
presentation discusses the procedural differences in issuing advisories
within Canada. It will provide information on how varying assumptions
in advisories as well as the subsequent response(s), compliance and
awareness are assessed. Where surveyed, the upiake and efficacy of
these advisories are examined, and effects on the Indigenous com-
munities in Canada discussed. Consumption surveys as a method to
reduce mercury exposure from traditicnal foods are compared to oth-
er approaches. These include establishing realistic hazard quotients
taking inte account for differences in Hg concentrations in different
species, muscles and organs, the level of mercury methylation, actu-
al consumption levels (indluding seasonal variation in consumption),
and differing levels of bioavaitability, bioaccessibility and absorption.
Methods of foud preparation and the influence of other considerations
{such a5 the influence of selenium) are also discussed.
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3.6A Mercury Emissions Reductions ~ A Challenge to
Industry

MERCURY CONTROL IN LIGNITE AND COAL FIRED
POWER PLANTS BY STATIONARY SORBENT MODULES

PETZOLDT, Olel; SADKOWSKI, Slawomir?
(1MW, L Gore & Associates

The GORE™ Mercury and SO2 Control System (GMCS) (see http
www, gore.com/en_xx/products/filtration/mercury/mercury-con-
trol-coal-fired-boiler himi for details) has been proven in mare than 30
power plants and incinerators in the US since 2012, Three pilot plants
are operated in EU power plants.

In August 2018 2 German industrial scale lighite based power plant
installed the system {0 control mercury emissions and improve 5072
reduction.

This system is based on sorbent polymer composite (SPC) material
housed within discrete modules which provide passive, continuous
mercury controf with minimal pressure drop. As a result, no injection of
any sorbents or chemicals are required. The modules will capture and
retain mercury for many years of operation, resulting in an exceedingly
casy-to-operate mercury contral systern, and very fow ongoing operat-
ing costs. Modules can be instalied inside of a wet flue gas desulfurizer
(wFGD), which requires no additional footprint on site, Unlike sysfems
that inject axidizing chemicals such as calcium bromide, this system
presents no risk of air preheater corrasion, and does not impact the
waste water treatment system on the scrubber effluent stream. The
system is unaffecied by 5027503 concentrations, which makes it very
suifable for high sulfur coal sources, and may provide fuel flexibility
options to a plant operater. In addition, the system can provide protec-
fion against scrubber re-emissions in a way that doesn’t impact gypsum
quality or the waste water treatment system. The modules also carry a
co-benefit of SO2 removal, which can help meet tighter SG2 emissions
limits and possibly aveid a scrubber upgrade.

Results from the pilot plants and the full-scale installation in Germany
will be provided.

MERCURY EMISSION - CHALLENGES FOR COAL-BASED
POWER GENERATION SECTOR

SZYNOL, Kazimierz!
{ITAURON Wybwarzanie S.A.

Electricity production, which is the main source of mercury emission
to the atmosphere, is based mainly on combustion of solid fuels, such
as hard coal and lignite. In Poland. the anthropogenic emission of mer-
cury is estimated at 11.8 Mg, of which 9.1 Mg {over 77%) results from
solid fueis combustion. The average mercury content in coal in Poland.
according to tests carried out by Wojnar and Wisz was 0.100 mg / kg
for hard coals and 0.250 mg/ kg for lignite {Wojnar and Wisz 2006).
From August 2021, the Polish coal-hased power generation sector will
have to meet stricter requirements introduced by Commission Imple-
renting Dedision (EU) 2017/1442 of 31 july 2017 {BAT Conclusions),
including mercury emission reguirements in flue gases.

New requirements can be fulfiied not only by equipping power units
with dedicated merciry emission reduction installations, but also by op-
timised utilisation of capacities of existing environmental protection in-
stallations, in particular by possibility to remove mercury in electrostatic
precipitators and bag filters while dedusting flue gases, as well as during
nitrogen oxides remaoval in catalytic selective (SCR} and non-catalytic
(SNCR} processes of nitrogen oxides reduction, Flue gas desulphurisa-
tion processes, such as semi-dry and wet fiue gas desuiphurisation, offer
high mercury removal potential. Flue gas dedusting processes allow to
reduce mercury emissions from 5 to 60%, mainly mercury that is carried

by fly ash particles. Installations for NOx emission reduction {first of all
SCR) also have positive effect on the emission reducton, they allow to
increase the share of oxidised mercury in flue gases,

A significant mercury emission reduction effect is possible to achieve
through a combination of various environmental protection installations.
Regardless of applied secondary measures, proper fuel mix prepared
for combustion in the boiler is of key importance in the process of
mercury emission reduction.

Tests of mercury emissions carried out on power units of TAURON
Whytwarzanie SA indicate that levels of this emission in all tested cases
are in the range defined in BAT Conclusions.

In case of new power units, emission levels allow them alsc to meet
emission limits set for new units. It is clear from this that construction
of large modern power units burning Polish hard coal can significantly
reduce mercury emissions from the power generation sector.

REDUCING MERCURY WITH NEWLY DEVELOPED
POWDERED ACTIVATED CARBONS AT COAL FIRED
POWER PLANTS

VAN DEN AKKER, Bert®
{1)Solution provider

Powdered Activated Carbon (PAC) is used 3s a dry sarbent to remove
mercury and other impurides from flue gases of various combustion
process, amangst ather, at coal fired power planis. Based on more than
20 years of experience in this application, Cabot Norit activated car-
bon develops constantly improved grades for the removal of mercury
both in oxidized or elerental form, from the flue gas.

New developed 3% generation grades are suitable to use at high con-
centrations of elemental mercury and/or organic {oxidized) mercury as
well as at elevated suliur trioxide concentration. DARCO HG activated
carbon types are also developed to operate and perform at the various
flue gas processes in cperation. Recent pilot and fuli-scale extended
trials have demonstrated effective mercury emission reduction at a va-
ricty of sites with both elevated sulfur trioxide and other gas chemistry
challenges.

These newly developed powder activated carbon sorbents, DARCO®
Hg-LH EXTRA SP and SR as well 25 DARCO® Hg EXTRA, are capa-
ble at low sorbent injection rates of reducing mercury emissions suf-
ficiently for compliance with both national and international pollution
regulations {i.e. MATS, BREF and the Minamata Convention) even at
the most stringent composition of the flue gas. With high sulfur com-
bustion fuet and process feedstocks fikely to be in use for the foresee-
able future, DARCO® Hg-LH EXTRA SP and SR as well as DARCO®
Hg EXTRA allow cost-effective mercury emission control and reduced
halance-of-plants concerns.

NOVEL METHOD OF MERCURY REDUCTION IN FLUE
GASES OF LIGNITE FIRED POWER PLANTS BY DEDI-
CATED BROMINE SALTS MIXTURES

PESTKA-PEDZIWIATR, Beatal; LEGEZYNSKI, Andrzeft
(1YPGE Gérnictwo i Energetyka Konwencjonalna S.A,

The method of mercury reduction based on implementation of dedi-
cated mixture of bromine salts to lignite before combustion process was
investigated, The novelty of the method in comparison to well-known
technelogy of dosing the halogenated additives in the fuel or i#'s in-
{ection to the furnace lies in an appropriate selection of bromine salts
additives, taking into account the composition of the burnt lignite ie.
content of halides, concentration of calcium and sulfur compounds. An-
other important issues are the activation of bromine salts and fuel and
the selection of dosage place. The predefined quantity of the mixture is
added directly into the lignite before mills. In the process of grinding the

ORAL ABSTRACTS « ICMGP 2019 » 14 International Conference on Mercury as a Global Pollutant « September 8-13 2019, Krakow, Poland = 12



raixture of bromine salts and coat are homegenized. Further. in the pio-
cess of combustion, mercury is oxidized to bromine salt and sulfur oxides
are bound, which increases absarption reactivity of the ashes.

The technology was investigated in selected units in Power Plants
Belchatéw and Turdw belonging to PGE GIEK S.A. The tests lasting
six months performed under normal operating conditions of the units
{without fuel selection and shutdowns) confirmed the achievement of
ernission limits imposad by BREF/BAT conclusicns, which will be binding
starfing from 17 of August 2021,

The method of mercury reduction by dedicated bromine salt mixtures is
characterized by low capital expenditure due to simple dosing installa-
tion and relatively low operating costs compared to other mercury emis-
sion reduction methods.

REDUCTION OF MERCURY EMISSIONS FROM A
900MW COAL-FIRED POWER PLANT THROUGH MER-
CURY STABILIZATION AND ADSORPTION DURING A
WET-FLUE GAS DESULPHURIZATION (WFGD)

KOGEL, Weronika®; SCHMID, Marc Olivert: SCHEFFKNECHT, Guent-
ert: FAHLKE, Joachim® RIEDER, Alexanderd; WAGNER, ¥rina®, STEFF-
EN, Ferdinand®;, HOFFMANN, Frank®
{1 WUniversity Stuttgart,
2iGrosskraftwerk Mannheim AG
TBEnBW Energie Baden-Wirttemberg AG
(4iFerdinand, RWE Power AG
(5)RWE Technology International GmbH

In 2010, 24 % of glohal anthropogenic mercury emissions were gener-
ated by fossil-ired power. Hence, German regulations stipulate coal-
fired power plant mercury emissions 1o a daily mean vaiue of 30 pg/
m* STP (standard temperature and pressure} and yearly mean value of
10 pg/m® STP. In the BAT Reference Document for Large Combustion
Plants (BREF-LCP), an average annual emission by existing hard coal-
fired power plants with a rated thermal input = 300 MWih of <1to 4
ug/m® STP was identified using the best avaitable technology.

The aim of this project is to develop 2 process for reducing coal-fired
power plant mercury emissions well below the upper range of the
BREF-LCP bandwidth without affecting gypsum, fiy-ash and waste
water quality. Based on a delailed analysis of operational data over
several months, an approach combining different mercury reduction
mechanisms has been defected as a possible solution.

‘After successfully testing at laboratory scale, the approach has been
implemented at industrial scale at unit 9 of Grosskraftwerk Mannheim,
‘Germany.

“The averall procedure consists of 3 sieps:

1. Increasing the chloride concentration in the WFGD absorber sus-
“pension to 25 g/Ls .

At this concentration, oxidized mercury absorption from flue gas is pro-
moted. The absorbed mercury forms water soluble compliexes which
stabilize the mercury inventory within the WFGD sysfem. Thus, mer-
cury concentration in the solid phase of the WFGD suspension and
the re-emission rate of mercury from the WFGD into the gas phase is
decreased.

2. Raising the WFGD water discharge volume flow:

This increases the waste water treatment plant mercury discharge. The
overall mercury inventory within the WFGD system as well as the mer-
cury ernissions at the stack are reduced.

3. Consecutive dosing of three different additives, straight or as a mix,
within the WrGD:

By adsorbing the mercury, they suppress mercury re-emissions, One
additive can be completely separated from the WFGD gypsum in a
hydro eyclone classifier, Mercury concentration in gypsumn is not in-
creased by additive dosing. The additive with the adsorbed mercury is
discharged with the sludge of the waste water treatment plant,

By foliowing the above-described sirategy the industrial scale exper-
iments demonsirate: mercury concentration at unit 9 is reduced in all

filtrates along the WFGD and increased in the solids discharged into
the waste water sludge. Mercury emissions at the stack are significantly
decreased. Values <4ug/m® STP according to the upper range of BREF-
LCP bandwidth can be safely achieved under all operating conditions.

NOVEL HYBRID TECHNIQUE FOR MERCURY REDUC-
TION IN FLUE GASES

RYFA, Arkadiusz!; BIALECKE, Ryszard!; WDOWIN, Magdalena®; AD-
AMCZYK, Wojciecht; NOWAK, Marcint;, ZMUDA, Roberts; MANDRE-
LA, Sergius?®; LELEK, rukasz®; BANDORA, Dominika®

{1)Silesian University of Technclogy

(2)instytut Gospodarki Surcwcami Mineralnymi | Energia PAN

{3)SBB Energy

A major source of environmental mercury is the combustion of fossil
fuel used to produce energy. Based on the actual and planned Euro-
pean directive, the emission of mercury might be Emited to a value
near 1 ug/dNm3 at 6% oxygen. Nowadays the regulations concerning
mercury concentration in flue gases are getting more strict. Thus there
is 2 need to propose an efficient and economically justifed mercury re-
duction technigue, To achieve the required deep reduction of mercury
will not be easy for power plants which bum only hard coal, and it will
be even more difficult for lignite fired boilers, which usually contain
larger amounts of mercury relative to hard coal.

To meet this request an innovative system for mercury removal from
flue gases is proposed. The developed process is based on the combi-
nation of injection of brominated powdered activated carbon, dispens-
ing of fuel additives and use of the innovative polymeric membrane
material. The idea of the hybrid technique was to provide the possi-
bility to reduce mercury emission without the necessity of Introducing
many significant modifications into the flue gas treatment system. Up
to now, the injection of an activated carban into the flue gases and
the use of fuel additives are commonly used for mercury reduction.
Those methods are characterized by low investment but high opera-
ticnal costs. Here, the application of polymer material is considered as
a part of reduction system. Polymer material is expensive to buy but
has almost none operational costs. To find the proper combination of
mentioned technigues both laboratory tests and a pilot scale facilities
were ysed to collect all necessary information. Laboratory tests fo-
cused mainly on the behavior of the colymer material under various
conditions including pre-saturation of the material with mercury. Pi-
lot installations were used to test various combinations of number of
layers of polymer modules together with different fuel additives and
mercury sorbents injected to flue gases. The collected data were used
to develop a predictive numerical model. The model was implemented
into the Ansys Fluent code, using a set of user defined functions com-
bined with the solution procedure. The developed mode will be used
to taitor the oroposed approach for any particular installation.

4,1 Evaluating the effectiveness of the Minamata Con-
vention :

USING INDICATORS TO EVALUATE THE EFFECTIVE-
NESS OF THE MINAMATA CONVENTION ON MER-
CURY

KEANE, Susan®; SELIN, Henrik?

{1Natural Resources Defense Councit
(2)Boston University

This research focuses on the potential use of outcome and process
indicators for the periodic evaluations of the Minamata Convention
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on Mercury that are mandated under Article 22, These evaluations,
which will start no later than 2023, must consider whether the Mi-
namata Convention is meeting its overall objective, as expressed in
Article 1, to “protect the human health and the environment from
anthropogenic emissions and releases of mercury and mercury com-
pounds.” This research draws from insights from previous effectiveness
evaluations of other international environmental agreements, including
the Stockholm Convention on Persistent Orpanic Pollutants, as well
as the existing academic literature. Ideally an effectivenass evaluation
would {3} callect and use comprehensive information about the chang-
es in ernissions and releases of mercury and mercury compounds that
are attributable to measures taken under the Convention (b) directly
connect these changes to observed changes in envirenmental con-
centrations of mercury, and ¢} subseguently link the environmental
concentrations to changed expasure levels for key human populations
and wildlife receptors. However, because the current state of mercury
science cannot definitively attribute observed global changes in mer-
cury concentrations in the environment and humans to specific actions
under the Minamata Convention, the use of such outcome indicators
wiil at least initially have to play a secondary role in effectiveness eval-
uabion. Instead, evaluations conducied in the near term will have to
rely largely on process indicators that reflect the scope and intensity of
actions taken by parties under the Minamata Convention, and associ-
ated reductions in inputs to the environment, as proxies for reduction
in risks to human health and the environment. We propose a specific
set of process indicators that are both small enough in number to be
manageable and comprahensive encugh to provide policy-relevant in-
formation across the full life-cycle of Minamata Convention provisions
on supply, trade, use, storage, disposal, emissions, and releases. To the
extent feasible, we propose that this information can be supplemented
by modelling of key scenarios, to provide insights into how changes
in emissions and releases could be predicted to affect environmental
levels and exposures. As mercury science improves in the future, moni-
toring data may be able to provide a more direct gauge of effectiveness
of the Minamata Convention.

MERCURY STABLE 1SOTOPES FOR THE EFFECTIVE-
NESS EVALUATION OF THE MINAMATA CONVEN-
TION ON MERCURY

IKWON, Sae Yun?; TSUI, Martin?; BLUM, Joel D3

{1)Diviston of Environmental Science and Engineering, Pohang Univer-
sity of Science and Technology

(2Department of Biology, University of North Carolina-Greensboro
{(3iDepartment of Earth and Environmental Science, University of
Michigan

As a part of the Minamata Convention, specific provisions are set-out
for a glohal monitoring program [GMP; Article 22(2)) and the conven-
tion effectiveness evaluation (EE; Article 22{3)} While the precise scope
of the GMP and EE are being discussed, these objectives share com-
mon opportunities and challenges. The major opportunity is that they
stimulate scientific advancements to belter measure mercury in the
erwvironment, The major challenges are establishing an internationally
comparable performance indicator that can ascertain changes in mer-
cury sources subject to regulation and distinguishing between policy
signal and noise, which may be interfered by climate change and other
human activities. By tracking atmospheric emissions to ecosystein fate,
we illusirate how measurements of mercury stable isotopes can help
address the challenges of the GMP and EE. Among the atmospheric
samples (total gaseous mercury; TGM, precipitation, particulate bound
mercury; PBM), we find that isotopic compositions of TGM are effec-
tive for distinguishing between iong-range franspost (d202Hg= -G.39
to +0.93%0, D199Hg= -0.22 to -0.01%s, n=11) and anthropogenical-
ty influenced mercury sources d202Hg= -2.03 to 0.19%., D199Hg=
-(3.16 to +0.15%, n= 49}, In terrestrial environment, the most impor-
tant factors governing the differences in mercury isotopic composi-
tions between foliage and soil are the types of atmespheric mercury

sources and the organic matter content, respectively, Foliage coltected
at various locations of the U.5. and China show ~1%0 deviation, de-
pending on mercury sources that influence the follage, Urban, mineral,
and organic soii collected from a wide range of environment show a
significant negative relationship between mercury isotopic composi-
tions and the total organic matter content, rather than sources that
contaminate the soil. For the first fime, we compare mercury isctopic
campositions of sediments (n=887) by differentiating between point
source impacted, non-point source influenced, and pre-anthropogen-
ic and between ecosystem type {river, lake, coastal, marine). We find
increasing trends in D200Hg and D19%9Hg with decreasing anthro-
pogenic mercury influence from coastal and marine sediments, Lake
sediments show decreasing D1%9Hg trends with decreasing anthro-
pogenic influence, given that soil runoff characterized by low D19%9Hg
acts as an important mercury scurce to many remote lake systems. All
in all, our study suggests that the measurements of mercury isotopes
in various environment samples (TGM, foliage, sediment} can aid the
interpretation of mercury sources and processes at a large spatial scale,
We also suggest that our data can be used for forming a baseline and
for evaluating changes in mercury sources under the implementation
of the Minamata Convention.

GLOBAL MONITORING OF HUMAN EXPOSURE TO
MERCURY AND ITS COMPOUNDS: ARE WE READY?

ZASTENSKAYA, Irina%; VICKERS, Carolyn® JAROSINSKA, Dorota?

{WHO Regional Office for Europe
{2YWHO Headquarters

Assessment of human exposure to mercury and its compaounds is criti-
cal for planning of targeted measures to reduce risks for human health
and to monitor progress. Harmonized approach for collecting this in-
formation at globat level brings a number of benefits: collection of reli-
able and comparable data; identification of highly exposed populations
at different levels - national, regional and glabal; more effective use
of human. techrical and financial resources for exposure assessment;
and, in total, for an assessment of effectiveness of global efforts to pro-
tect human health from negative Impact of mercury. The requirement
to monitor mercury compounds and their trends in vulnerable popu-
lations using harmonised methodologies is included in the Minamata
Convention {Art 19 and Art 22).

To ensure feasibility of global monitoring of human exposure to mercu-
ry, WHO developed a series of standard operating procedures for sam-
pling and analysis of mercury, and a tool for the development of national
protocols for the assessment of mercury risks to developing organisms
{foetus), during critical windows of exposure. The tool includes technical
details refevant for planning, designing and implementation of naticnal
surveys, both at a countrywide level and in contaminated sites.

The pilat national HBM surveys, implemented in China, Ghana, India,
Mongolia, Kyrgyzstan, and the Russian Federation, using the WHO
methadology and following the WHQO ethical principles, confirmed the
applicability of the technical documents and the feasibility of mercury
HBM studies in countries with different level of econamic develop-
ment. The pilot surveys also demonstrated that capacities for reliable
assessment of exposure to mercury using HBM exist, or can be built in
developing countries and countries with economies in transition.

The analysis of the data obtained in the pilet surveys on mercury HBM
confirmed the earlier scientific findings that populations with high level
of consumption of marine and fresh waters fish and other contaminat-
ed food {such as rice} are mare exposed to mercury. Populations living
in the areas of ASGM and other highly contaminated sites are also pop-
ulations at higher mercury risks. This confirms robustness of the WHG
methodology for identification of populations at risks globally and for
an assessment of effectiveness of risk reduction measures, including in
the Convention framework.

Thus, scientific, technical and methodological basis for global moni-
toring of mercury exists and global monitoring of human exposure to
mercury is possible,
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PROGRESS ON IMPLEMENTATION OF MINAMATA
CONVENTION IN CHINA

TIAN, Yi*; WANG, Yujing?
{1)Solhd Waste and Chemicals Management Center, MEE

In order to protect human health and the environment from the common
hazards of anthropogenic emissions and releases of mercury and mercury
compounds, the international community has worked hard to reach the
Minamata Convention on Mercury. The Minamata Convention is ancther
legally binding time-fimited Convention following the Stockhelm Conven-
tion and the Climate Change Convention in the past 15 years. It is an
important milestone in the history of human environmental protection.
As an economic developing and transforming country, China is actively
facinz enormous pressures and challenges of envirenmental protec-
ton. It is caommitted to ecological civilization construction and envi-
ronmental protection, and attach great importance to mercury preven-
ton and control. China is one of the first signatories of the Minamata
Convention, and the Ministry of Ecclogy and Envircnment actively co-
ordinates and promotes domestic ratification. On April 28, 2014, the
Standing Committee of the 12" National People's Congress approved
“the Convention, and on August 31 of the same year, i deposited the
instriument of ratification and became the 30th ratifving country. The
Conventicn entered into force on August 16, 2017, From August 2017
o August 2018, in the first year of the implementation of the Conven-
tion, China has made great progress. First, the National Coordinating
Group for the Implementation of the Mercury Convention, constilut-
ed by 17 Ministries, and a compliance coordination mechanism was
established. Second, China officially launched the preparation of the
National implementation Plan, strengthened the top-level design and
continged to promote the implementation of the Convention. Third,
to strictly fulfidl the obligations stipulated in the Convention, the “An-
nouncement on the Entry into Foree of the Convention on Water Mar-
gins” was promulgated, and the "List of China's Strictly Restricted Toxic
Chemicals” and the “List of Pricrity Control Chemicals (First Batch)”
were issued, Important documents such as the application for the dis-
charge permit and the technical specifications for the issuance of key
industries were published as well, At this stage, China will continue to
increase the managerment of mercury pollution preventios and control,
continuously improve the mercury pollution prevendion policies, regu-
lations and standards, gradually improve the ability and overall level of
mercury pollution prevention, and actively strengthen the foundation
for the compliance of the Convention.

'USING SOILS AND BIOTA TO EVALUATE THE EFFEC-
TIVENESS OF THE MINAMATA CONVENTION ON
-MERCURY

BANK, Michaell; AMOUROUX, David?, BODIN, Nathalie® BERAIL,
Sylvain'; BRAVQ, Andrea G°; FENG, Xinbin®, FERNANDEZ, Ivan?;
GUSTIN, Mae? HANSSON, Sophia V% HORVAT, Milena®™; MAAGE,
Amund?*!

{1hinstitute of Marine Research, Bergen, Norway

{ZYCNRS / University of Pau & Pays Adour, Pau, France

{3NSeychelles Fishing Authority, Victoria, Seychelles

{4ICNRS / University of Pau & Pays Adour, Pay, France and Advanced
lsctopic Analysis, Pau, France

{5)National Research Council of Spain, Barcelona, Spain

{&State Key Laboratory of Emvironmental Geochemistry, Institute of
Geochemistry Chinese Academy of Sciences, Guivang. China,
{7}University of Maine, Orono, ME USA

{BiUniversity of Nevada, Reno, NV USA

(Fraarhus University, Roskilde, Denmark

{10} gzZef Stefan Institute, Ljubljana, Slovenia

(11iniversity of Bergen, Bergen, Norway

The Minamata Convention on Mercury (Hg) was recently ratified and
entered into force in August, 2017, As noted in the Convention text,
fish are an important source of nutrifion to consumers worldwide and
several species represent important links in the global source-recep-
tor dynamics of maonomethyimercury {MeHg). However a coordinat-
ed global program for biota, and soils, using accredited laboratories,
reproducible data and relizble models is still lacking. Hg science has
evolved significantly with its use of advanced technologies and compu-
tational models to address this complex and ubiquitous environmental
and public health isstie. These advances have made it essential that
transparency be enhanced tc enswre that Hg biomonitoring studies
used in support of the Convention are scientifically sound, robust and
repraducible, Here we outline a sampling framework based on existing
and planned monitoring of key hiota and sails. In biota, measurements
camprise total Hg, MeHg and stable isotones (SIA)} of Hg, carbon {C}
and nitrogen (N}, For soils the same Hg and SIA measurements will be
made with the addition of bulk estimates of C, N, sulfur and pH, Soil
sampling will focus on organic surface horizons to assess integrated
deposition loads of Hg and we will alsc identify biases related to the ef-
fects of microbial activity en solt methylation-demethylation dynamics.
The biological sampling will focus on key marine fish species including,
but not limited to, bluefish {Pomatomus saltatriy), sardinella (Sardinella
spi.) and hake (Merluccius sop.) and other globaliy-distributed spedies
including birds, freshwater fish, such as perch (Perca fluviatilis} and sal-
monids (Salmonidae), invertebrates, sea turtles, and seleced marine
marnmais. Sampling will follow existing frameworks and will occur at a
global scale; hiota will be selected based on information and guidance
from the Conference of Parties (COP) and as stated in Articles 19 and
21 of the MCM text. Al work wili utiize accredited Iaboratories and
estahiished protocols and will cooperate with existing international, lo-
cal and regional biemonitoring programs. Inter-aboratory comparisons
and analytical chemistry guidance will be pravided by IAEA in support
of the Convention's biomonitering goals. Challenges and obstacles to
developing a successful globat Hg biomonitoring program in support of
the MCM will also be discussed. Data will be stored in an interopera-
ble, web-based, data platform and standardized spatiotemporal analy-
ses in soils and selected taxa, as guided by the COP, will be conducted
to evaluate the effectiveness of the Minamata Convertion on Mercury.
©2017,©2018, ©2019 U.S. Copyright Number 1-7492662211

HOW CLOSELY DO MERCURY TRENDS IN AQUATIC
WILDLIFE TRACK THOSE IN THE ATMOSPHERE? -
IMPLICATIONS FOR EVALUATING THE EFFECTIVE-
NESS OF THE MINAMATA CONVENTION

WANG, Feilyue®;, OUTRIDGE, Peter®; FENG, Xinbin®, MENG, Bo%
HEIMBURGER-BOAVIDA, Lars-Eric4; MASON, Roberth

{1}University of Manitoba

{MGeological Survey of Canada

{3¥Chinese Academy of Sciences

{d)Mediterranean Institute of Oceanography

{5)University of Connecticut

The Minamata Convention to reduce anthropogenic mercury (Hg}
emissions entered into force in 2017, and attention is now on how to
best monitor its effectiveness at reducing Hg exposure to humans. To
address this, a key guestion is how closely Hg concentrations in the
human food chain, especially in fish and other aguatic wildlife, will track
the changes in atmospheric Hg that are expected to occur following
anthropogenic emission reductions. As part of the United Nations En-
vironment Programme {UNEP)s Global Mercury Assessment (GMA),
we investigated this question by evaluating several regional groups of
case studies where Hg concentrations in aquatic biota have been mon-
itored continuously or intermittently for several decades, Our analvsis
shows that in most cases Hg fime-trends in biota did not agree with
concurrent Hg trends in atmospheric deposition ar concentrations, and
the divergence between the twe trends have become more apparent

ORAL ABSTRACTS » ICMGP 2019 = 14% international Conference on Mercury as 2 Global Pollutant = September 8-13 2019, Krakow, Poland = 15




over the past two decades. An over-arching general explanation for
these results is that the impact of changing atmospheric inputs on bi-
otic Hg is masked by two factors: 1) The aguatic environment also
contains a large inventory of legacy emitted Hg that remains available
for bio-uptake leading to a substantial lag in their response time to a
change in external inputs; and 2) Biotic Hg trends reflect the domi-
nant effects of changes in multi-causal, local and regional processes
{e.g., aguatic or terrestrial biogeochemical processes, feeding ecolo-
gy, climate) that control the speciation, bicavailability, and bio-uptake
of both present-day and legacy emitted Hg. Globally climate change
has become the most prevalent contributor to the divergence. A wide
range of bictic Hg outcomes can thus be expected as anthropogen-
ic atrmospheric Hg emissions decline, depending on how these pro-
cesses operate on specific regions and specific organisms. Therefore,
evaluating the effectiveness of the Minamata Convention will require
biomonitoring of multiple species that represent different trophic and
ecological niches in multiple regions of the world.

1.2A Biogeochemical cycling of mercury in the aguatic
ecosystems

METABCLOMICS UNCOVERS PHYTOPLANKTON RE-
SPONSES TO HG COMPOUNDS IN AQUATIC ENVI-
RONMENT

SLAVEYKOVA, Veratl; MAJUMDAR, Sanghamitra®, REGIER, Nicele?;
KELLER, Ariurc?

{1}University of Geneva
{2 University of California, Santa Barbara

Metabolomics, the youngest among -omics technologies, characteriz-
es low-molecular-weight molecules involved in different biochemical
reacdons and pravides an integrated assessment of the physiological
state of an organism. This feature makes the metabolomics well suited
to study organism - environment interactions. Nonetheless, very few
studies use the metabolomics approach to explore the contaminant
-induced metabolic perturbation in phytoplankton and to the best of
our knowledge, no such studies exist for mercury.

The present pilot study aimed at getting new insights into the basic
mechanisms determining celiular responses during mercury exposure.
To this end, untargeted liquid chrematography - mass spectrometry
{LC-MS) metabolomics was employed to foliow the metabolic varia-
Hons in green aiga Chlamydomonas reinhardti and cyanobacterium
Synechocystis sp., as repersentives of two important phytoplankton
groups. Both hydrophilic and lipophilic compounds were determined
in the microorganisms exposured to 1 or 10 nM inorganic {IHg) or
methylmercury {MeHg) and compared with unexposed controls. The
untargeted metabolomics approach resulted in approximately 200 sig-
nals from both hydrophebic and hydrophilic extracts of C. reinhardfi
or Synechocystis sp. However only about one third were annotated.
Supervised and unsupervised mulfivariale methods provided an infor-
mation on most influential metabolites, which were further used to
identify the most important metabolic pathways affected by Hg or
MelHg exposure. The resulis revealed an alteration of multiple patways
for both cyanobacteria and green alga when exposed to [Hg or MeHg,
including carbohydrate metabolism, energy and lipid metabolism, ami-
no acid metabolism, metabolism of cofactors and vitamins. Globaly Hg
species induced metabolic perturbations in green algae were more
important than those found in cyanobacteria, which corresponds 1o
higher sensitivity of the green algae to mercury. The annotated metab-
alites showed that IHg and MeHg affected similar pathways, however
for comparable exposure concentrations in some cases MeHg-induced
perturbations were more prancunced or specie-specific. For example
ameng different hydrophobic molecules the most pronoced decrease
was found in the diacylglycerylhomeoserines (DGTSs) class involved in
glycerophospholipid metabelism of C. reinhardtii during MeHg expo-

sure, However, DGTSs were not detected in Synechocystis sp. The
results demonstrated the promice of metabalomics in uncovering
Hg-induced perturbations in the two model phytoplankton species and
underlying biochemical mechanisms. However they have also revealed
some drawbacks mainly due 1o the refativelly high metabolic variabil-
ity, correspondig to normal operationg range of the microorganisms,
which could hide the subtile changes in metabolite concentrations, as
well as the fack of phytoplankton-specific metaholite information in
the existing datasbases which limits the metabolite identification.

BIOGEOCHEMISTRY OF MERCURY SPECIES IN THE
WATER COLUMN OF HIGH ALTITUDE LAKES OF THE
WESTERN PYRENEES (FRANCE / SPAIN)

DUVAL, Bastien'®: DE DIEGO, Atherto!; KORTAZAR, Leiret; FERNAN-
DEZ, Luis Angel’; TESSIER, Emmanuel?, AMOUROUX, David®

{1)Kimika Analiikoa Saila, Euskal Herriko Unibertsitastea UPV/EHU,
Sarriena Auzoa z/g

{2YCNRS/UNIV PAU & PAYS ADCUR, Institut des Sciences Analyticues
et de Physico-chimie pour PEnvironnement et les Matériaux,

While Hg is 2 major concern in all aguatic environments where meth-
ylation and biomagnification take place, very few studies consider Hg
cycling in remote alpine lakes and their use as proxies of global envi-
ronmental changes. This work presents an integrated investigation con-
ducted in twenty high altitude pristine lakes from Western Pyrences.
Subsurface water samples were collected in June/October 2017/2018
for Hg speciation analysis {iHg, MMHg, DGM]} to investigate spatial
and seasonal variations. DGM provided information on biotic and phe-
toreduction of Hg as well as atimospheric re-emission extents. In June/
Qctaber 2018, 3 more in-depth study was performed in iakes Gentau,
Arratile and Sabocos, by sampling at different depths along the day.
Besides, in situ incubation experiments using isctopically enriched Hg
species (199iHg, 201 MMHg) were conducted to investigate Hg trans-
formation mechanisms in the water column (methylation, demethyla-
tien, reduction), Comparison between filtered (<0.2pm) and unfittered
samples highlighted significant differences in most of the samples,
While iHg did not show seasonal variations, MMHMg was significantly
higher in autumn, except for bottomn anoxic waters {Gentau and Sab-
ocos). For the unfiltered samples, concentrations of MMbg in surface
waters were low in Gentay, respectively 8x1pg/L (2% of HgTOT) in
spiing and 29£5pg/L in autumn (9% of HTOTY. Similar values were
found in Sabocos, 19+3pg/L (3% of HgTOT) and 29+5pg/L (5% of Hg--
TOT), and Arratille, 7x1pg/L (3% of HgTOT) and £7+3pg/L (3% of Hg-
TOT). Bottom waters in Gentau exhibits higher MMHg concentrations,
42655%pg/L in spring (36% of HgTOT) and 388+67pg/l in autumn
(50% of HETOT). These values are higher than in Sabocos, 60+8pg/L
(10% of HgTOT) and 26+5pg/L (3% of HgTOT), and Arratille, 9xipg/L
{2% of HgTOT) and 14x2pg/L (6% of HgTOT). Resufts from the incuba-
tion experiments highlighted an important demethylation yield in Gen-
tau {4421 1%/day in spring, 42225%/day in autumn), In bottom waters,
methylation rate is 2.4£1.8%/day (spring) and 1.9+2.6%/day {autumn}
for Gentau whereas methylation rates are about 0.740,5%/day in both
seasons for Sabocos (below LOD=0.04%/day in Arratille}). Overall, dras-
tic environmental changes occuwrring daily and seasonaily in alpine lakes
are providing conditions that can both promote Hg methylation (strat-
ified anaxic waters} and MMHg demethylation {intense UV light). Both
climate change (warming and human impact {through eutrophication)
may have important implications on those pathways and the fate of Hg
in these remote lakes.
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by the FEDER funds through the POCTEFA 2014-2020 program
(REPLIM-EFAOQ56/15). B.Duval acknowledges the UPV/ERU for his
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MERCURY SPECIES IN SURFACE WATER IN MIDDLE
AND NORTHERN TIBETAN PLATEAU

SHANG, Lihail; ZHANG, weit; GAQ, Lingilan®; YIN, Runsheng?
ZHANG, Gianggong®; SUN, Xuejun®; FENG, Xinbin?
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Climate change and human activifies affect the crycspheric character-
“stics and hydrological changes of the rivers originating from the Tibet-
an Plateau (TP). Mercury {Hg) is a global poliutant and methylmercury
{MeHg) can be more taxic due to the bicaccumulation and biomagnifi-
‘cation effect in the faod chain, There is an increasing concarn on Hg in
TP since the high sensitivity of the pristine environment to the long-dis-
tance-travelled Hg. To better understand the Hg distribution and its im-
pact factors, the concentrations of Hg species in surface water were
‘mvestigated in Three River Source Region (TRS) and Qi Lian Mountain
{QLM), which i5 located in the middle and northern TP, respectively, In
2018, water samples were collected in the rivers or lakes in TRS and
UM, Total Hg (THg), dissolved Hg {DHg), narticulate Hg {(PHg), fotal
MeHg (TMeHg), dissolved MeHg (DMeHg) and particulate MeHg (PMe-
Hgl were anatyzed according to EPA method 1631 and 1630, THg in
TRS ranged from 0.51 to 7.48 ng-l-1, which were skghtly lower than
those in QLM [0.94-7.93 ngL-1). TMeHg in TRS and QUM ranged
from 0.05-031 ngl-1 and 0.04-049 ng-L-1, respectively. Nonpara-
metric tests of the TMeHg showed no significant difference bebween
both sites. THg and TiMeHg were comparable {o the previous results in
TP and the arctic area, which represent the background levels in river
systems, The ratios of TMeHg/THg in TRS and OLM were 7.3123.00%
and 5.22+2.63%, respectively. The ratios were consistent with previous
observation in Yarlung Zangbo River {5£2%} in southern TP but much
higher than Yukon River {1%) which is located in Arctic and Subarctic. In
TRS, a positive correlation was observed between DOC and THg, DHg,
DMeHg values =0.464, p<0.01; r=0.591, p<001L; r=0477, p<0.01),
and PHg was positively correlated with altitude (r=0.416, p<0.05), indi-
cating that DOC and aldtude mainly affected the migration and trans-
formation of Hg. In QLM, THg and PHg was significantly correlated with
the TSP {r=0.384, p<0.05; r=0.423, p<0.01), and TiMeHg, PMeHg was
significantly correlated with THg and PHg (p<0.01). This indicates that
Mg in QLM were affected by particulate matter. In comparison with Hg
{in other rivers of TP which were mainly in TSP-asscciated species, PHg
decreases with altitude and higher DOC in TRS indicating that continued
‘warm likely increasing the potential release of DOC-bound Hg.

PROPAGATION OF THE MERCURY CONTAMINATION
‘IN CASCADE RESERVOIRS IMPACTED BY ACHLOR-AL-
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The chlor-alkali industry Is a major contributor of local to regional mer-
cury contamination of aquatic envirenments, Mercury released into

suiface waters by this indusiny is mainly bound to the particulaie phase
and therefore more likely to rapidly deposit in standing waters such
as lakes and reservoirs. However, a fraction of that mercury can be
associated with very fine inorganic and organic particles, which can
travel longer distances. Here we report the propagation of the mercury
refeased by a chlor-alkali plant into the Oit River, the largest Romanian
tributary of the Danube River, as recorded in sediments of five cascade
reservoirs. Both mercury concentration and deposition flux histories,
together with sedimentclogical parameters, have been determined in
137Cs-radiodated sediment cores collected in the deepest zones of
one upstream (Valcea, reference reservoir} and four downstream reser-
voirs {Babeni, lonesti, Zavideni, and Dragasanil. The maximum mercury
concentration — 44.5 mg/fkg, representing more than 300 times the
background fevel — was recorded in a sediment layer deposited in 1987
in the Babeni reservoir, which is directly impacted by the plant effluent.
The histery of the contaimination was similarly recorded in the three
other downstream reservoirs, with decreasing maximum concentra-
tions of 36, 13.5 and 7.4 mg/kg, respectively. Likewise, the maximum
mercury specific fluxes decreased in the four cascade reservoirs, from
146 to 4.3 pg am-2 y-1. These results showed a significant reduction
of the mercury inpuis into the jower reservairs. However, the mean
mercury concentrations recorded during the 1980-2013 period did
not show such an imporiant reduction down the cascade reservoirs,
The decrease in the mean mercury concentration was only by a factor
2 between the most impacted Babeni reservoir (4.4 mg/kg) and the
Dizgasani reservoir, the farthest we studied in the cascade (2.1 mg/kg),
more than 35 km downstream the contarnination source. This refative-
ly low decrease rate is due to the concomitant effects of i) a very high
sediment load (3.3 g ecm-2 v-1) from tributaries in the Babeni reservoir
that “dilute” mercury compared to the low sediment load in the down-
stream reserveirs (0.6 g em-2 y-1 in Dragasani}; and iy the transport of
mercury through the reservoirs by fine inorganic and organic particles
defivered by the tributaries and less prone to settle. These asseciated
effects result in an extended contamination of the reservoir sediments
in a fong reach of this river, a favorable environment for mathylation.

TEMPORAL MERCURY DYNAMICS THROUGHOUT
THE RICE CULTIVATION CYCLE: AN INTEGRATIVE AP-
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During the last few decades, the input of mercury to the epvironment
resulting from anthropogenic activities has increased, This can trans-
late into effects to both wildlife and humans.

Far the last fifty vears, & chlor-alkali plant situated at the locality of Flix
{NE Spain), ca. 100 km above the Ebro river mouth, has dumped mer-
cury-loaded residues inte the river. The residues have been transporied
throughout the river yeaching its delta ecosystems {e.g., rice fields, flood
plains, marshes, lagoons). The Ebro Delta (ca. 30000 ha of wetlands) is a
highly important site of rice production with more than 75% of its area
intended to this activity. Moreover, i constifutes one of the largest wet-
tands of tha Mediterranean being also relevant from the conservation
poirt of view, as it is the breeding habitat for several bird species.

Rice paddies are considered a potental ‘hotspot’ for methylmercury
due to the biotic methvlation activities of soils, as well as a scurce of
methylmercury for both aquatic and terrestrial food webs.
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Iy this context, we studied temporal changes in mercury dynamics
throughout the rice cultivation season (early-. mid-, late-season} in
both abictic (water, sediments) and hiotic compartments. Rice plants
(Oryza sativa) and fauna {vertebrates and invertebrates) belonging
to the rice-paddies food webs have been analyzed for total mercu-
ry (THg). Furthermore, we assessed the effect of different agricultural
management practices {ecological vs. conventional} asscciated to var-
ious flooding patterns (flooded cultivation vs. dry cultivation) to the
mercury levels present in the plants and fauna. We found that differ-
ent agricuitural practices and/or flooding patterns did not influence as
much as expected the mercury levels observed in rice planis or rice
paddies food webs. We abserved a clear evidence of mercury biomag-
nification through the food web of the studied systems.

IMPACT OF SEDIMENT MERCURY SPECIATION ON
MERCURY CYCLING IN THE ST. LOUIS RIVER ESTUARY
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The St. Louis River Estuary {SLRE) is a freshwater estuary at the termi-
nus of the second fargest tributary of Lake Superior that exhibits com-
plex Hg biogeachemistry. Fish and other aguatic biota in the estuary
often contain high levels of methylmercury compared ta the upstream
river or Lake Superior. The downstream estuarine area contains some
high mercury legacy sediment contamination from previous industri-
al activities. Despite remediation efforts, some sediments still contain
concentrations of total Hg well above background levels for the area,
which implicates them as a potential source for MeHg. In this study,
we focus on the impact of sediment chemistry and solid-phase mer-
cury speciation on inorganic- and methyl-mercury bicavaitability and
partitioning in relation to methyimercury production in the estuary.
Sediment cores and porewater were collected from three geochem-
ically distinct locations within the estuary and analyzed for total and
methyimercury, carbon {sediment and porewater), and acid volatile
sulfide or dissolved sulfide. In addition, selective extractions were used
to separate solid phase mercury compounds into behavioral class-
es. Results indicate that more mercury is retained in sediments with
high concentrations of carbon and sulfide. Methylmercury production
and porewater methylmercury is lowest in sediment with the highest
sulfide o carbon ratio, suggesting both inorganic and methylmercury
availability are partially controlled by solid phase carbon and sulfde.

Selective extraction results indicate that sediments with more strong -

acid soluble species have larger portions of inorganic- and methyl-mer-
cury in the sediment, while sediments with more organic-chelated Hg
species have farger portions of inorganic- and methyl-mercury in the
parewater. Qur results suggest that sediment with low total mercury
concentrations may contribute more methyimercury and bioavailable
inorganic mercury to the porewater and eventually the fower portions
of the food web than sediment with high total mercury concentrations.

1.4A Mercury cycling and bioaccumulation in polar regions

ENHANCED ARCTIC RIVER PARTICULATE HG EXPORT
AT THE PERMAFROST THAWING FRONT
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Arctic permafrost soils contain farge amounts of crganic carbon and
mercury (Mgl Archic warming and associated changes in hydrology,
biogeochemistry and ecology risk maobilizing scit carbon and Hg, yet
fittle is known about the quantity, timing and mechanisms involved.
We investigated seasonal particulate Mg (PHg) and organic carbon
{(POC) export in 32 small and mediumn rivers across a2 1700km latitu-
dinal permafrost transect of the western Siberian Lowland (WSL). The
WSL transect covers absent, isolated and sporadic permafrost in the
south to discontinuous and continucus permafrost in the nerth. PHg
and POC levels strongly correlated and decreased with river watershed
size, suggesting Hg mobilization from organic (peat) rather than mineral
soil layers, Maximum PHg concentrations,; run-off and export fluxes
were located in rivers of the sporadic permafrost zone, We suggest
this reflects enhianced Hg mobilization at the permafrost thawing front,
due to maximal active fayer depth. Both the maximal thickness of the
active layer and maximal PHg run-off progressively move to the north
during the summer and fall seasons, thus leading to maximal PHg ex-
port at the latitudinal thawing front. The discharge-weighed PHg:POC
ratio in WSL rivers (2.7+£0.5) extrapolated to the whole Ob River basin
vields a PHg flux of 1.520.3 Mg y-1, consistent with previous esti-
mates. Using a substituting space for time approach for climate warm-
ing and permafrost thaw scenario in WSL, we predict that a northward
shift of permafrost boundaries and increase of active layer depth may
enhance the PHg export by WSL rivers to the Arctic Ocean by a factor
of two over the next 10-5C years. B

3-D MODELING OF ATMOSPHERIC BOUNDARY-LAYER
MERCURY DEPLETION EVENTS ACROSS THE SPRING-
TIME ARCTIC
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Gas-phase bromine radical chemistry is the main driver for the fre-
quent and concurrent depletion of ozone and mercury (Hg} in the polar
boundary layer during the spring. Sea ice and its overlying snow cover
are broadly understood as the key elements in the production of reac-
five bromine in polar spring, However, a full characterization remains
unsettied on how physicochemical state of snow and ice influence the
release of bromine into the atmosphere, Uncertainties in the kinetics
and reaction mechanisms of Hg redox chernistry add further complexity
to accurately assessing the behavior of Hg during its depletion from air.
Three-dimensional (3-D} models developed to simulate the impact of
bromine chemistry on Hg oxidation in the Arctic, have generally relied
upon indirect representations of the sources, sinks and photochemical
transformation of bromine radical species in the polar atmosphere.

This study presents development of a process-oriented representation
for the coupled bromine-czone-Hg chemistry and the exchange of bro-
mineg, ozone and Hg species between air and snow/ice surface within
Erwironment and Climate Change Canada’s air-quality model, GEM-
MACH-Hg. The maodel simulations are performed at 15-km horizontal
resclution in a limited-area domain of the Arctic. The maodel capturss
the evolution of high BrO column densities associated with synogtic
weather disturbances during polar sunrise as can be seen from satel-
lite. The concurrent depletion of czone and Hg is simulated by consist-
ent model formulation, where the release of reactive bromine from the
frozen surfaces is facilitated by the presence of ozone in air. Extensive
model evaluation is performed using measured ambient concentrations
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of ozone and speciated Hg, total Hg in snow and the vertical column
densities of BrO retrieved from ground stations and buoys floating on
the ice-covered ocean at fine temporal scale. The model framework
for simulating the reactive bromine release from the snow/ice cover
is found to work reasonably well for the representation of ozone and
Hg depletion evenis across the Arctic over synoptic and seasonal time
scales. The deposition of oxidized Hg from the atmosphere is found
to be enhanced parficularly under the disturbed weather conditions,
as a result of the vertical and horizontal inflow of ozone and gaseous
elemental Hg. The model is applied to estimate springtime deposition,
re-emission and accumudation of mercury in the Archic,

EURASIAN RIVER SPRING FLOOD OBSERVATIONS
SUPPORT NET ARCTIC OCEAN MERCURY EXPORT
TO THE ATMOSPHERE AND ATLANTIC OCEAN
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Midiatitude anthropogenic mercury {Hgl emissions and discharge
reach the Arctic Ocean (AC) by atmospheric and oceanic transport.
Recent studies suggest that Archic river Hg inputs have been 3 po-
tentially overlooked souice of Hg to the AQ. Observations on Hg in
Eurasian rivers, which represent 80% cof freshwater inputs to the AG,
are quasi-inexistent, however, putbng firm understanding of the Arctic
Hg cycle on hold. Here, we present comprehensive seasonal chserva-
tions on dissolved Hg (DHg) and particulate Hg {PHg) concentrations
and fluxes for two large Eurasian rivers, the Yenisei and the Severnaya
Dwvina. We find large DHg and PHg fluxes during the spring flocd, fob-
Jowed by a second pulse during the fall flood. We cbserve well-defined
water vs. Mg runoff relationships for Eurasian and North American Hg
fluxes to the AQ and for Canadian Hg fluxes into the larger Hudson
-Bay area. Extrapolation to pan-Arctic rivers and watersheds gives a
tfotal Hg river flux to the AC of 44 = 4 Mg per year (10}, in agreement
-with the recent model-based estimates of 16 to 46 Mg per year and
Hg/ dissolved organic carbon {DOC) cbservation-hased estimate of 50
“Mg per year. The river Hg budget, together with recent obser- vations
on fundra Hg uptake and AQ Hg dynamics, provide a con- sistent view
of the Arctic Hg cyde in which continental ecosystems traffic anthro-
-pogenic Hg emissions 1o the AQ via rivers, and the AQ exports He to
the atmosphere, to the Atlantic Ocean, and to AQ marine sediments,

IDENTIFYING THE SOURCES AND FATE OF WINTER-
TIME MERCURY DEPOSITION TO ANORTHERN ALAS-
KA COASTAL WATERSHED USING MAJOR IONS AND
MERCURY STABLE ISOTOPES
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Snow deposited to Polar coastal locations during springtime atmos-
pheric mercury depletion events (AMDEs} commonly has highly ele-
vated mercury concentrations (> 200 ng Hg/L}. During AMDESs gaseous
elemental mercury (GEM} is photochemically oxidized to reactive gas-
eous mercury by halogen-mediated reactions and the Hg is deposited
o the snowpack. The reachive mercury is then either photochemically
reduced back to GEM and re-emitted from the snowpack to the at-
mosphere or it remains undil spring snowmelt. GEM can also be de-
posited to the snowpack and tundra vegetation by reactive surface
uptake (dry deposition) from the atmosphere by processas that also
occur at lower labitudes, The proporbion of Hg attributable to AMDES
versus dry deposition that is released in spring runoff has not been
quantified. We conducted extensive sampling campaigns in late winter
and during snowmelt for two years at a small (2.5 ha} watershed on the
Arctic coastal plain near Utgiagvik (formerly Barrow), Alaska. Airborne
LIDAR and GPS surveys were used to delineate the watershed area to
cm scale accuracy. Snowpack, meltwater, and stream channel water
were sampled and anzlyzed for total dissolved Mg, Hg stable isotopes,
major ions, and stable oxygen and hydrogen isotopes. Permafrost peat
cores were collected and analyzed for Hg concentrations and Hg iso-
fope ratios. We identified an "ionic pulse” of mercury and major ions in
runoff during both snowmelt seasons, with total dissolved Hg in run-
off up to 14.3 (+/- 0.7} mg/ha. This runoff flux is five to seven times
higher than what has been repaoried from other arctic watersheds and
from lower latitudes. We calculate that up to three quarters of the
snowpack Hg was exported with snowmeit runoff, Hg isotope meas-
urements indicate the majority of this snowmelt Hg originated as GEM
oxidized in the snowpack by reactive halogens in a process similar to
reactive surface uptake of GEM into the leaves of trees in temperate
forests, This GEM-sourced Hg is the dominant Hg we measured in the
spring snowpack and in the tundra peat. We caleulate that ~75% of the
Hg exported from the watershed in snow melt came from non-AMDE
sources while ~25% is attributable to AMDE deposition. Projected fu-
ture warming in the Arcic will produce an increasingly dynamic sea ice
regime with more first year ice and open ses ke leads. This will likely
enhance the source of reactive halogens, promate GEM oxidation, and
fead fo greater Hg deposition fo coastal and marine snowpacks.

MERCURY IN THE BERING SEA FOOD WEB
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The Southeastern Bering Sea {(SEBS) supports one of the most produc-
tive and econorically important fisheries in the world. Mercury {Hg)
is projected to rise in the North Pacific and possibility in the SEBS
in response to increased atmospheric emissions from Asia. To date,
concentrations of total Hg (THg} and methyimercury (MeHg} in the
SEBS seawater and plankton are lacking: thus, Hg transfer in the SEBS
food web is unknown. We investigated spatial differences in {THg) and
{MeMg) concentrations in seawater, suspended particles, zooplankton
and ichthyoplankton, from samples collected in the SEBS in June and
September of 2018, We found that THg and MeHg showed a horizan-
tal pattern of westward increasing concentrations in both seawater (4-
100 pg/t. MeHg and 36-178 pg/l. THe) and copepods (3-13 ngde dry
weight MeHgl, Moreaver, there were significant differences between
the hydrographic domains of the SEBS such that concentrations of Hg
were highest in the outer domain, Qur Hg data will be presented in the
context of other auxiliary measurements including oceanographic {i.e,
salinity, temperature, density, eic} and biological fie, 815N - hased
trophic position and taxonomy) parameters. Data presented here rep-
resents a subset of a larger study, which will altogether illustrate the
flow of THg and MeHg in the SEBS food web and, thus, inform other
studies that investigate risks of MeHg exposure to marine mammals,
seabirds and homan consumers of focally harvested seafood,
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METHYLMERCURY BIOGEOCHEMISTRY AND FATE
IN DECEPTION ISLAND, (ANTARCTICA}
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In contrast to established long-term research programs in the Arctic,
little is known about mercury hiogecchemistry in Antarctica. Environ-
mental studies in Deception lsland (South Shetlands Archipelago) are
scarce but are of great interest since it potentially represents a signif-
icant source of Hg, namely volcanic activity. Previous resuits showed
the presence of relatively high Hg and methylmercury (MMHg) levels.
Our study in this volcanic island aimed to better understand the Hg
cycle in the Deception ecosystem, particularly, fluxes, speciation and
bicavailahility of mercury.

Sediment/soiis were analysed for MMHg and for their methylation
potential using enriched stable isotopes, as well as for other ancillary
parameters, In the laboratory, trace element bioavailability tests were
also performed. Finally, a three-dimensicnal hydrodynamic model was
develaped using the Maohid water modelling system, MMHg data was
incarporated into the model to better understand the Hg and MMHg
circulation in the Bay.

Mercury levels in water and sediments sampled at two fumaroles on
Deception Island were up to 10000 times higher compared {o the other
sampling sites, Moreover, the concentrations obtained in Port Foster wa-
ters are also considerably higher than those typically observed in open
waters of the Atlantic or the Southern Ocean. The propertion of MMHg
(MMHg/HeT) was surprisingly high in saline waters of Port Foster (9-
59%), sugpesting exceptional conditions for Hg methylation processes in
the water celumn, In fact, high abiotic {up to 3.6% of Hg) and biotic (up
to 7.2% per day) methylation rates were estirmated.

Additionally, the high residence time of water (ca. 1.7 yr} in the Bay con-
tributes to creating a substantial standing peol of mercury and MMHg
available for aguatic organisms, Moreover, the low capacity of sediments
for Hg adsorption, (low carbon content and low superficial area {5/
Al>4)), may also contribute to keep mercury in solution and therefore
increase its bioavaitability. A first approach to model the circulation of Hg
and MMHg was done using Lagrangian tracers, allowing visualization of
their movement in the aquatic environment. The model cutput indicates
that the tidal currents have almaost no impact in the elements dispersion.
Results obtained in this work pointed to a continuous inpiit of Hg to
the Deception ecosystem due ta volcanic emissions. This input and the
special bicgeochemical conditions in Port Foster Bay water promote
Hg methylation and the presence of more bioavailable Hg species that
can, in fact, be taken up by aguatic organisms.

1.3B Regional and local scale stable isotope studies in
mercury biogeochemical cycling and bioaccumulation

TRACING MERCURY MOBILITY AND DiSTRIBUTION
IN THE ABBADIA SAN SALVATORE LEGACY MERCURY
MINE AREA USING MERCURY ISOTOPE RATIOS AND
CONCENTRATIONS
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Persisterit mercury (Hg) impact from legacy mines continues to present
risk to the environment and human health globally. The Monte Amiata
Hg district in Southern Tuscany, l[taly was one of the five largest Hg dis-
tricts in the world, Mining of Hg began in the region during the Roman
era with modern mining beginning in the mid-1800s and concluding
in the early 1980s which resulted in the cccurrence of elevated Hg in
the surrounding ecosystem, The study area focused near Abbadia San
Salvatore mine (ASSM) as it was the major Hg processing facility for
many mines in the district and considered a primary source for elevated
Hg. The extraction of Hg from cinnabar was carried out via the roast-
ing of ore using two primary furnace fypes. Initially, Cermak-Spirek
shaft type and tower furnaces were used which were later replaced by
Gould and Pacific type furnaces, The are was roasted at 600-700°C
to volatize Hg to gas which was recovered via condensation. Mass de-
pendent fractionation (MDF) of Hg isctope ratios and variation in Hg
concentrations resuiting from the processing of cinnabar ore has been
reparted for mine-waste calcines, Elevated concentrations of Hg in
the extensive mine-waste calcine piles in ASSM possess the potential -
of releasing Hg into the local environment over a sustained period of
time. The differences in extraction efficiency of Hg from cinnabar ore
of different grain size and different furnace types resulted in variations
of Hg concentration and isctopic composition in the mine-waste cal-
cines (Cermak-Spirek calcine d202Hg average of 0.52%s and concen-
tration range of 32 to 1500 ug/e; Gould and Pacific d202Hg average of
-0.58 and concentration range of 25 to 130 ug/g). Mass independent
fractionation (MiF} has also been reported for Hg isctope ratios and
is attributed to photochemical reduction of agueous Hgll and MeHg.
The contribution of Hg from chemical processes and weathering of
legacy mine-waste calcine piles as well as initial Hg contribution from
historical Hg ore processing has resulied in a wide range of Hg concen-
trations {0.48 ug/g to 1500 ug/g} and D202Hg and D199Hg isctopic
compaositions (- 1.96%a to 0.95%., -0.30%. to 0.25%0 respectively). We
will present an overview of Hg distribufion and mobility using concen-
tration and isotopic composition measured for a wide range of samples
{cinnabar ore, calcines, sediment, soils, geothermal water, and fish) col-
lectad in the ASSM area.

IDENTIFICATION OF MERCURY SCUCES INTHROUGH-
FALL USING STABLE ISOTOPE SIGNATURES

L, Kai; FENG, Xinbin

Throughfall is one of the main pathways of mercury (Hg) loading to
forest ecosystemn, The saurces of Hg in throughfall, however, have not
been well constrained by pravious studies, In this study, concentrations
and isotepic compaositions of Hg in throughfall were obtained at an
evergreen broadieaf forest site in southwestern China and a Boreal
coniferous forest site in northern Sweden for one to 12 month periods.,
The mean concentraticons of dissolve mercury (DHg) in wet-only pre-
cipitation and throughfall were 4.24 £ 0.30 and 11.43 + 3.59 ng/L at
the broadleaf forest site in southwestern China, respectively, and they
were 2.52 £ 1.90 and 8.93 2 2.24ng/L at the coniferous forest site in
northern Sweden, respectively. The mean concentrations of particle
mercury {PHg) in wet-only precipitation and throughfall were 1.06 +
0.43 and 5.18 # 1.94 ng/l at the broadleaf forest site in southwest-
erni China, respectively. The increasing concentration in the through-
fall indicated that Hg deposited on the cancpy was wash-off by the
precipitation. A significant positive correlation was chserved between
DHg concentrabions and dissclved organic carbon concentrations (R2
= (.71, P < 0.01} in the throughfall. This indicates that the major form
of DHg in throughfali was carbon bounded Hg, Alarge difference in Hg
isotopic compositions was observed between throughfall and wet-anly
precipitation. Mean A199Hg and A200Hg of DHg in wet-only precipi-
tation at the two sites were 0.72 £ 0.32%0 and 0,24 £ 0.06%o., respec-
tively, which were much higher compared to that in throughfall {mean
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A199Hg = -0.20 £ 0.24%,, mean A200Hg = 0.07 = 0.05%0). Mean
A199Hg and A200Hg of PHg in wet-only precipitation at the two sites
wiere -0.03 = 0.3%0 and (.16 + 0.05%e, respectively, which were much
higher compared to that in throughfall imean A199Hg = -0.66 £ 0.1%,
mean A200Hg = §.05 £ 0.04%e). The MiF signatures of DHg and PHg
in throughfall were distinct from the values reported for atrospheric
particulate bound mercury {PBIM} but close to the values of atmospher-
ic gaseous elemental mercury {GEM). A binary mixing model was ap-
plied and showed that GEM in atmosphere contributed approximately
&0 £ 14% for DHg and 53£16% for PHg in throughfall. We suggest
that GEM deposited to vegetation leaves could be incorporated into
throughfall during the wash-off processes. Overall, deposition of Hg by
throughtfall is more representative of GEM dry deposition.

STABLE ISOTOPE FRACTIONATION INDUCED FROM
MERCURY BIOGEOCHEMICAL CYCLING IN FOREST
ECOSYSTEMS

FENG, Xinbin® YUAN, Wei; LiU, Yi: Li, Kai: LIN, Jerry?
{1)State Key Laboratory of Environmental Geochemistry, Institute of
Geochemistry, Chinese Academy of Sciences

{2YDepartment of Civil and Environmental Engineering, Lamar Univer-
sity, Beaumont, TX, USA

‘Forests mediate the mercury.{Hg) biogeochemical cycling between
the atmosphere and terrestrial ecosystems, while there remain sub-
stantial knowledge gaps regarding the cycling processes. Here, we
datermined the mass flow and isctopic compositions/fractionations
associated with Hg cycling in the air-water-plant-soil compartments
in an evergreen broadleaf forest site in Southwestern China to reveal
mechanisms underlying the cycling of Hg. It is found that that annual
Hg mass flow is -26.8x12.7 ug m-2 year-1 for air-foliage Hg0 fluy,
6.7+20.5 pg m-2 year-1 for air-soil HgO flux, 9.1£1.2 pg m-2 year-
1 for pulk Hg deposition, 31.8+ 10.6 pg m-2 year-1 for throughfall
Hg deposition, 0.3+ 0.1 ug m-2 vear-1 for stemflow Hg deposition,
and 1.8+£0.4 ug m-2 year-1 for Hg runoff. Mass balance analysis us-
ing the flux data shows a 5044442 pg m-2 year-1 net atmospheric
Hg sink. Interestingly, we observed the 8202Hg shift of O to -3.1%.
between air and foliage as leaf age increases, and so for the AL99Hg
shift of 0 to -0,15%.. The ohserved isotopic cormposition of folizge
Hg and isatopic shift support re-emission of HgO occurring after re-
duchive loss from foliage. The 8202Hg shift cause by Hg evasion from
-soif in summer ranges -0.92%0 to -0.23%0 with a2 A199Hg shift from
-(0.25%0 to -0,10%0; while in winter only 5202Hg shift is ohserved with
range of -0.28%. to 0.41%.. Given the isotopic compositions found
4n soit pore gas (0202Hg=-0.24+0.32%0, A199Hg=-0.4920.07%: and
A200Hg=-0.03+0.04%0) and ambient air (202Hg=0.26+0.20%o,
ALP9He=-0.1620.06% and A200Hg=-0.0520.04%c}, legacy Hg
re-emission is largely caused by dark reduction processes in deep soil
“in summer, and by photo-reduction processes in surface sail in winter,
Moreover, the distincly negative A19%Hg {range of -0.40%. in Of to
-0.47%e¢ in Oa) and ~0 A200Hg in organic soils indicate atmospheric
-HgO deposition is the dominant source of Hg in soil. Finally, we cb-
served positive A199Hg (0.57+0.32%0) and AZ0O0Hg (0.22+0.06%:0)
in bulk precipitation, however, the A199Hg and A200Hg in through-
fall {-0.3440.20% and 0.06+0.05%}, stemflow {-0.41+0.20%. and
-0.0420.08%0) and runoff {-0.40+0.08%. and -0.02+0.04%.) exhibit
distinctly negative values. This suggests a significant atmospheric Hg0
source contribution in throughfall {80213%), stemflow (96+25%) and
runoff {89+23%). Resuits from mass balance modeling show that at-
mospheric Mgl deposition accounts for ~75% of total atmospheric Hg
deposition, ~2 times greater than values by the estimate from air-fo-
liage/soil fiux, Overali, this study highlights the governing role of at-
mospheric HgO deposition and re-emission processes in Hg cycling of
forest ecosystems,

USING MERCURY ISOTOPES TO IDENTIFY SOURCES
OF MERCURY AND METHYLMERCURY ACCUMULAT-
ING IN FOREST SOILS AND BIOTA ALONG A MON-
TANE ELEVATIONAL GRADIENT.

DEMERS, Jason D.%; BLACKWELL, Bradley D.2 GERSGN, Jacaueline
RE MONTESDEQCA, Maric RY; ROSS, Donald 5.5, SAUER, Amy K%
SHANLEY, James B.”; DRISCOLL, Charles T.#

{L}University of Michigan, Ann Arbor, Michigan, USA

{2}Environmental Protection Agency, Gulf Coast Division, Gulf Breeze,
Fiorida, USA

(31Duke University, Durham, Noerth Carclina, USA

(4)Syracuse University, Syracuse, New York, USA

(5)University of Vermont, Burlington, Vermont, USA

(&iBiodiversity Research institute, Portland, Maine, LISA

{7United States Geological Survey, Reston, Virginia, USA

There s growing evidence that mercury (Hg) within upland forest soils
can be transformed to methylmercury and biomagnified within terres-
trial food webs. However, identifying the source(s) of mercury depos-
ited to and transformed within forested ecosystems remains challeng-
ing. In this study, we used natural ahundance Hg isotope analvsis to
assess the pathways of Hg deposition along a montane elevational gra-
dient, and to trace sources of atmospheric Hg into the terrestrial food
web on Whiteface Mountain in the Adirondack region of New York
State, USA. Mercury isotope analysis indicates that soil Hg in all for-
est types (deciduous, coniferous, and alpine) is predominantly derived
from foliar uptake of gaseous Hg that is deposited with litterfall. This is
cansistent with other forest Hg isctope studies, but stands in contrast
to mass balance results indicating that throughfall inputs dominate in
the coniferous and alpine zones at this study site. Based on an isofope
mixing madel, the amount of precipitation-derived Hg accumulating in
forest soils was similar to throughfall flux estimates in deciduous for-
ests, but approximately 20-30% lower than throughfall flux estimates
in coniferous and alpine zones. This discrepancy was consistent with
isotopic sighatures indicating increased photo-volatilization from co-
niferous and alpine soils, and may also suggest that a larger corponent
of throughfall inputs in coniferous and alpine zones is derived from
foliage. rather than precipitation. The fraction of precipitation-derived
Hg was similar in forest soil and low trophic level soil invertebrates with
low %MeHg. However, high trophic level soil invertebrates with high
%MeHg typically had a greater fraction of precipitation-derived Hg.
Songbird Hg isotopic signatures did not consistently overlap with soil
nvertebrate Hg isotope signatures, and the relative fraction of precip-
itation-derived Hg in songbird blood was more variable. Both of these
observations suggest that sengbirds may accumulate methylmercury
from other sources in addition to forest soil invertebrates. Overall,
our data suggest that precipitation-derived Mg is preferentially trans-
formed to methylmercury and bioaccumulated in the food web of this
forested ecosystem.

MERCURY ISOTOPIC FRACTIONATION DURING FOR-
EST BURNING IN THE AMAZON

RICHTER, Larissal: AMOUROUX, David®; CAETANO, Tiago!; RERAIL,
Sylvaint; BARRE, Julien®; TESSIER, Emmanuel!; FOSTIER, Anne Héléne?
(1}Chemistry Institute, University of Campinas, UNICAMP, PO. Box
4154, Institute of Analytical Sciences and Physico-Chemistry for Envi-
ronment and Materials ((PREM)

{2)Chemistry Instituie, University of Campinas, UNICAMP, Brazil

Biomass burning is an important source of Hg to the atmosphere, being
estimated as 13 % of total terrestrial emissions. Recent studies in the
emissions of Hg during coal combustion observed that this type of
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process may result in Mass Dependent Fractionation {(MDF), but no
Mass Independent Fractionation {MIF) has been documented. How-
ever, the impacts of combustion in Hg isotopes has never been inves-
tigated during forest burning, To address that, we performed burning
experiments in the Amazon rainforest, which is one of the main emitter
of gases due to forest burning in the world. We chose two different
localities in the Brazilian Amazon (Alta Horesta (AF) and Candeias do
Jamari (CJY and performed two different scales of experiments. Litter,
ashes and soils samples were collected before and after burning. Sam-
ples were decomposed using strong acid and oxidant mixture under
controlled temperature and pressure conditions {Hot-Block and High
Pressure Asher). Their Hg isatopic composition was measured through
CVG-MC-ICP-MS (Nu plasma). Accuracy and precision of the methods
were evaluated using QA/QC protocols and certified reference mate-
rials well documented in the literature, For AF, where small scale ex-
periments were performed, no differences were found in the mercury
isotopic composition between all the samples before and after burning.
Forthe fargar scale experiment in C), fitter, ashes and soils before burn-
ing differed significantly from each other in terms of MDF - §202Hg
(6202Hg for litter, ashes and solls before burning, respectively, -1.63 &
0.16 %e (N=10); ~1.78 = C.10 %o IN=9) and -2.06 + 0.10 %, (N=13)).
Regarding MIF, ashes and soils presented similar A199Hg results (re-
spectively, -0.58 + 0.06 %o (N=9} and -0.59 = 0.03 %c (N=13)} while
litter presented greater values (A199Hg = -0.37 £ 0.05 (N=10)). All the
samples presented A200Hg close to . Hg isotopic compoesition in soils
befare and after burning did nat differ significantly {P=0.89). Similar
odd-MiF pattern obtained for ashes and solls suggests that the main
source of the Hg found in the ashes come from solls, while the Hg from
litter is almost totally emitted to the atmosphere. In this sense, a slight
enrichment of 5202Hg in the ashes compared to the sails, confirm that
such MDF is induced by the velatiization of lighter isotopes in burning
liter, This wark highlights the potential of Amazonian biomass burning
to cause Hg isotopic fractionation, which directly depends on the ex-
tent of the burning process.

ISOTOPIC FRACTIONATION INDUCED BY SOIL-AIR
EXCHANGE OF MERCURY VAPCOR IN SUBTROPI-
CAL FOREST ECOSYSTEMS: EVIDENCE FOR LEGACY
RE-EMISSION

YUAN, Weit: WANG, Xun? LIN, Che-Jen®; SOMMAR. jonast; FENG,
Hinbin®

{1)State Key Laboratory of Environmental Geochemistry, institute of
Geochemistry, Chinese Academy of Sciences, China

{2)Coliege of Rescurces and Environment, Southwest University, China
(J)Center for Advances in Weater and Air Quality, Lamar University,
Beaumont, United States

Uncertaintes in quantifying soil-zir exchange of elemental mercury
vapor have limit our understanding in the contribution of terrestri-
al systems to global mercury {Hg) cycling. In this study, we invest-
gated the soit-air Hg0 exchange in ambient air and under HgO-free
gas exposures, as well as its isotopic shift caused by the exchange. It
has bean found that soil pore gas has §202Hg of -0.94£0.32%0 and
AL99Hg of -0.49+0.07%,, more positive 5202Hg and no significant
A199Hg compared to Hg in soif (§202Hg = -2.08+0.26%0; A199Hg =
-00,57+0,10%e). Soil-air HgD exchange flux exhibit 2 seasonal pattern,
suggesting soil an atmospheric Hg source in susnmer and a sink in win-
ter, Compared to inlet isotopic compasition (5202Hg=04320.13%
and A199Hg=-0.20:0.05%c in summer; 6202Hg=0.6620.22%. and
A199Hg=-0,0820.05%c in winter), the isotopic campositions of out-
let display a significantly more negative 5202Hg and A199Hg in sum-
mer (§202Hg=-0.1520.23%. and A199Hg=-0.33+0.05%., p<0.01,
pair t-test), but comparable values in winter {5202Hg=0.52£0.55%0
and A199Hg=-0.10+£0.04%,, p>0.05, pair t-test). This suggests Ha0
re-emission from soils with much more negative §202Hg and A19%Hg
than values in air, and HgO deposition with no distinet MDF and MIF,

The Mgl re-emission isofopic composition is further determined by
sail Hg0 evasion under Hg-free gas exposure, Soil Hg0 evasion under
Hg-free gas exposure in sumimer has 6202Hg of -2.20£0.63% and
A199Hg of -0.3620.04%e., while in winter 8202Hg of -3.4520.16%0
and A199Hg of 0.1920.08%.. Given the isatopic compositions found
in sol pore gas and ambient air, the promoted soil Hg0 evasion under
Hg-free air in summer is mainly attributed to the diffusion of pore gas,
and in winter to photo-reduction of divalent Hg in surface scil. Hence,
the apparent soil-air HgO exchange represents a result of HgO depo-
sition, Hg0 evasion from surface soil induced by photo-reduction and
HgC diffusion from soil pore. Using an isotopic mass balance model,
the estimated flux in summer is -11.2210.6 ng m-2 h-1 by Hg0 dep-
osition, +3,025.7 ng m-2 h-1 by HgG evasion from surface photo-re-
duction, and +13.6+8.9 ng m-2 h-1 by HgO diffusion from soil pores. In
winter, atmospheric Hg0 deposition and Hg0 evasion from photo-re-
duction and Hg0 diffusion are much weaker, with the value of -1.9£2.8
ng m-2 h-1, #0442 8 ng m-2 h-1, and +0.1£0.5 ng m-2 h-1, respec-
tively. Overall, legacy Hg re-emission is largely caused by dark reaction
procasses in deep soil in summer, and by photo-reduction processes in
surface soil in winter.

2.7 Hurman Exposure and Health effects of Methylmercury

DIETARY CORRELATES OF METHYL MERCURY IN-
SEAFOOD CONSUMERS AND NON-SEAFOOD CON-
SUMERS

WELLS, Elient
(1)Purdue University

Methyi mercury {(MeHg) exposure is of concern due to the neurotoxic-
ity of MeHg, particutarly among children, Fish and seafood consump-
ton is the largest dietary source of MeHg, However, most studies have
estimated correlates of total mercury, not methyl mercury, and studies
assessing dietary correlates of mercury among non-seafood consum-
ers are imited. Therefore, we determined dietary correlates of whole
bicod MeHg in a cross-sectional analysis of 2011-2012 United States
National Health and Nutrition Examination Survey data, stratified by
self-reported seafood consumption within the past 30 days, 5427
(75.4%) children and adults reported eating fish/seafood in the previ-
ous 30 days and 1770 (24.6%) did not. MeHg was determined using
[CP-MS. Dietary correlates of MeHg were assessed using a 24-hour
dietary recall conducted by trained interviewers, Foods which were
highly correiated were combined into larger categories prior to inchs-
sion in regression models. Multivariable regression models predicting
natural-log transformed MeHg included covariates for age, sex, educa-
tian, race/ethnicity and self-reported consumption of fish or shellfish
{in past 24 hours): beans, nuts or soy; Asian foods; soup; mixed rice
dishes; rice; red or leafy vegetables or vegetable oil; beer; wine; and
liquor, Geometric mean MeHg was 0.67 pg/L {95% confidence inter-
val (C1): 0.57, 0.80) and 0.17 pg/L (95% Cl: 0.16, 0.1%) among seafood
consumers and non-consumers, respectively. In multivariable regres-
sion models including seafood consumers, self-reporied consumption
of fish/seafood in prior 24 hours (8: 1.23; 95% Cl: 0.50, 1.96), soup
{B: 0.42; 95% Cl: .10, G.73}, rice {B: 0.35; 95% Cl: 6.05, 0.66), red/
leafy vegetables or vegetable cil (3: 0.43; $5% Cl: 0.08, 6.78) and wine;
{B: 1.00; 95% Cl: 0.57, 1.43)} were significantly asseciated with higher
blood MeHg. Among non-seafocd consumers, the only food item sig-
nificantly associated with MeHg was wine (3: 0.84; 95% CI: 0.06, 1.62).
Our results are similar to previous research which has idenbfied rice
and vegetables as potential non-seafood sources of mercury exposure.
Wine was the only food category significantly associated with MeHg
concentration among non-seafood consumers; additional research on
wine as a potential source of MeHg expasure is recommended.
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GENETIC DISPOSITION TO DEVELOPMENTAL METH-
YLMERCURY NEUROTOXICITY

GRANDIEAN, Philippel; JULVEZ. Jordi%;, RING, Susan® DAVEY
SMITH, George®, BUDTZ-JGRGENSEN, Eshen*

{1)University of Southern Denmark

{2)5CGlabal

{3 University of Bristol

{4 University of Copenhagen

Some common heterogeneities are thought at affect methylmercury ki-
netics in the body and perhaps also neurodevelopmental outcomes of
prenatal methylmercury exposure. We examined the suspected heter-
ogeneities for modification of exposure-related cognitive development
'in 2,172 children from the Avon Longitudinal Study of Parents and Chil-
dren (Bristol, UK) {ALSPACY. Prenatal methyvimercury exposure was de-
termined from the total mercury concentration of cord tissue. Neurapsy-
‘chological function was determined by the Wechsler Intelligence Scale
for Children Intelligence Quotient {IQ) score at age eight vears, Data was
available on 247 single-nudieotide palymorphisms (SNPs} within rele-
vant genes. In this population with low-level methylmercury exposure,
-the log10-transformed mercury concentration appeared to be positively
associated with 1Q, although adjustment cofactars attenuated this as-
saciation, Among four SNPs found in a2 pilot study te exhibit interaction
methyvimercury neurotoxicity, one was replicated, e, the minor aliele
of rs1042838 (progestercne receptart, with a beta (95% confidence In-
terval) of-11.8 (-23.0, -0.7) {p for interaction, 0.004). Daspite the low
exposure level, the PGR minaor allele revealed a strong negative associa-
hon between methylmercury exposure and 1Q. The relevant SNPs will be
determined in a Faroese birth cohert with much higher prenatal methyl-
mercury exposures to ascertain whether the genetic predisposition can
be replicated. As the PGR minor allele is fairly common in Caucasian
populations, the results suggest that this genetically predisposed sub-
popuiation carries the brunt of neurobehavioral toxicity from develop-
mental methylmercury exposure and that current exposure limits may
not provide sufficient protection for this vulnerable group.

THE POTENTIAL AND THE CHALLENGES OF UPDAT-
ING ASSESSMENTS OF METHYLMERCURY TOXICITY

‘KOPYLEV, Leonid': SEGAL, Deborzh; CONGLETON, lchannat;
LIN, Yu-Sheng®; NACHMAN, Rebeccat; RADKE, Elizabeth!; TAYLOR,
Michele'; WILKINS, Amina?

(1US EPA

Multiple heatth agencies (Health Canada, 2007; UNEP, 2002; US EPA,
-2001, 1997: ATSDR, 1999} and the US National Academy of Sciences
{NRC, 2000} have established that prenatal oral expasure to methylmer-
cury in humans causes developmental neurotoxicity {DNT], The existing
_US EPA guantitative assessiment of methyvimercury dose-response was
developed by the IRIS {Integrated Risk Information System) program in
2001. That assessment derived a reference dose (RFD) based on DNT
effects in children following prenatal exposure using information from
3 epidemiological cohorts in several publications. The RfD of G.1 ug/
kg-day was derived frorm multiple DNT measures related o cord blood
concentrations of 46-79 Lig/L, which the assessment estimated corre-
spondad to maternal daily intakes of methylmercury during pregnancy
of 0.86-147 pg/kg-day. This presentation will discuss considerations
in evaluation of new data that could be used fo update quantitative
methyimercury assessments based on literature search resuits as well as
an initial identification of key scientific issues. A recent literature search
found more than 200 epidemiological reports published since 2000 with
dose-response information on neurodevelopmentsl effects in humans
of methylmercury exposure pre- and/or postnatally, based on dozens
of epideriological coharts, including the 3 orginal ones considered in
the 2001 RIS assessment. Several scientific issues were ideniified on

an initial review of the literature. These include what form of mercury
was evaluated in analytical measurements, which biomarkers of expo-
sure were used in the study, and what methods were used to address
canfounding in epidemiciogical studies.

Disclaimer: The views expressed in this presentation are those of the au-
thors and de not necessarily reflect the views or policies of the US EPA.

NEUROPSYCHOLOGICAL TESTS USED TO ASSESS
METHYLMERCURY DEVELOPMENTAL NEUROTOX-
ICITY

SEGAL, Deborah!; KOPYLEV, Leonid®
{1JU.S. Environmenial Protection Agency

Methyimercury is a well-known developmental neurctoxicant. In an
effort to evaluate studies published since the release of the US. EPA
IRIS Methylmercury Assessment in 2001, which was based on an as-
sessiment by the National Academy of Sciences {NAS) in 2000, a re-
cent literature search was conducted for studies assessing the effects
of methylmercury exposure on developmental neurctoxicity (DNT)
in humans. DNT was the focus of the literature search because DNT
endpoints were used to derive the Reference Dose in the 2001 Meth-
yimercury IRIS Assessment. PubMed, Web of Science, ToxNet, and Sci-
ence Direct were searched to find studies. The software tools, SWIFTS
and Distiller©, were used to screen the studies, which resulted in the
identification of more than 200 epidemiclogical studies that evaliiated
DNT effects and provided quantitative exposure-response data,
Several neurodevelopmental endpoints were evaluated in the studies,
including: cognition (e.g, verbal ability, nonverbal ability, executive
functioning. attention, visual-spatial processing, leaming/memory, 1Q),
motor function, sensory funchion, mood/affect/personal regulation,
and clinical diagnoses of Autism Spectrum Disorder and Attenton
Deficit/Hyperactivity Disorder, Many different neuropsychologicat
tests, including multiple versions of the same test {e.g., Bayley Scales)
and numercus subtests (g.g., Wechsler Intelligence Scale for Children
(WISCY HlI}, were used to assess the neurcdevelopmental endpoints.
Some of the more common neuropsychclogical tests were Bayley
Scales of infant and Toddler Development-ll, Brazelton Neonatal Be-
havioral Assessinent Scale, California Verbal Learning Test, McCarthy
Scales of Children's Abilities, Neurobehavioral Evaluation System 2,
and WISC lll. However, some tests were less common and only ap-
peared in one study {e.g., Test of Haptic Matching), and others were
commonty used {ests that were adapted for non-U.S. populations (e.g.,
WISC Il madified for inuit children).

Many factors, such as the appropriateness of tests for other cultures and/
or pepulations than thase for which they were originally designed and
the conditions under which the tests were given (e.g.. distraction-free
testing site and well-rested children), will need to be considered. There-
fore, specific guidelines are being developed to assist in determining the
wvalidity and reliability of each test as it is used in individual studies.
Disclaimer: The views expressed i this presentation are those of the au-
thors and do not necessarily reflect the views or policies of the LS EPA,

LOW-LEVEL MERCURY EXPOSURE, NEURODEVELCP-
MENT AND THE ROLE OF GENETIC POLYMORPHISMS:
FOLLOW-UP OF THE SLOVENIAN AND CROATIAN
BIRTH COHORTS

SNOJ TRATNIK, Janja'; FALNCGA, Ingridh: TRDIN, Ajdal; MAZES,
Darjal; NEUBAUER, David?; PRRIC, Izor®; SPIRIC, Zdravka®; HORVAT,
Milena!

{1Jozef Stefan Institute, Ljiubliana, Slovenia

(2University in Ljubljana, University Medical Centre Ljubliana, Slovenia
(3Medical Faculty of Riieka, Rijeka, Croatia

{(4)Green infrastructure Lid., Zagreb, Craatia
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This prospective birth cohort study was set to investigate an associa-
flon between prenatal mercury (Hg) exposure at low to moderate levels
and neurcpsychological performance taking inte account variahility in
relevant genes as potential internal exposure or effect modifiers. Gene
polymaorphism of apolipoprotein E (APOE), brain derived neurotroph-
ic factor {BDNF), paraoxonase {PON1), catechot O-methyitransferase
{COMTY, coproporphyrinogen oxidase (CPOX) has been selected due
to their potential role in metal binding and/or implication in brain
development precesses. Mother-child pairs were recruited from the
central Siovenia region (n=4601) and Rijeka, on the Croatian coast of
the norithern Adriatic (n=243). Determination of total Hg and other
elements in cord blood, Bayley Scales of infant and Toddler Develop-
ment, Third Edition (Bayley IIl) assessment at 18 months of age and
genctyping was done in total of 361 children. In the follow-up. 79
children from Siovenia and 34 form Croatia were re-sampled at the
age of 7-8 years and re-assessed for neuropsychological performance
using Wechsler intelligence Scale for Children (WISC-IV). Infarmation
cn mother's and child's diet, fiving environment, potential exposure and
maternal life-style was obtained through questionnaires. Associations
between Hg levels and neuropsychological perfermance was evaluated
using multiple linear regression, stratified by the genctype. Prenatal
Hg exposure ranged from 0.16 to 10.0 ng/g {(GM 1,58 ng/g) in cord
blood of Slovenian children, and from 0.79 to 32.3 ng/g (GM 3.41) in
Croatian children. while the exposure at 7-8 years of age from below
fimit of detection ta 4.17 pg/L (GM 0.44 ug/l) in blood of Sloveni-
an children, and from 0.06 to 7.05 ug/L (GM 0.68 pg/Ll in Croatian
chifdren. The majority of the children had Bayley scores and Full Scale
Intefligence Quotient of the WISC assessment within the normal lim-
its. Data evaluated so far showed significant negative association be-
tween In transformed Hg levels in cord blood and cognitive composite
© score (B=-5.44, p=0.043} in children carrying af least one APOE &4
allele. Moreover, carriers of variant alleles for CPOX, BDNF and PON1
showed negative asscciations between prenatal Hg levels and cogni-
tive scores, while the associations in carriers of common alleles were
neutral or positive, However, none of associations was statistically sig-
nificant, bordertine significance was revealed for CPOX variant zliele
carriers only. The work is still on-going, however, the results presented
indicate that stratifying for specific genotypes is crucial in identifying
susceptible population groups exposed to low levels of Hg.

3.6B Mercury Emissions Reductions - A Challenge to
industry

FROM TOXIC MERCURY TC NON-TOXIC MERCURY
COMPOUND

SCHARRENBACH, Frank?; FRITZSCHE, Jirgen®
{1)New Environmental Technology GmbH

in every thermal combuston plant yvou can measure and detect mer-
cury from the scrubber through the flue gas to the chimney ug fo the
environment.

As a standard treatment, activaied carbon/coke is used o adsorb the
mercury. The lcaded adsorbent is disposed on a landfill. In terms of
gas limit values, this system works well. But rot for a sustainable, ho-
listic treatment. Mercury leach out and farms by microbiology, organic
MEercuUry.

Mercury becomes even more toxic.

For this reason, mercury must be removed as nonsoluble HgS from this
cycle. Hegs is a natural mineral, called cinnabar.And the only non-toxic
mercury compound.

Scrubber systems have an opportunity to buffer and store marcury
salts {e.g. HgCi2/HgCl4) in high saturation. Under normal conditions
the systemns are running stable, with no risk of Hg0-gas blow out.

But the concentration of dissolved mercury is the magnitude of influ-
ence for a HgO-blow out event.

OFf course in an event of high input of reducing agent ( e.g.502}, the
joric{dissolvediHs compounds transformed to elementat HgO. In this
case a Hg-gas blow out is happened.

In case of a mercury event, the mercury breaks through the scrubber
and contaminates the subsequent purificabion stages. Hg0 deposits
can be bleed out all the time and generate a “baseline” of Hg-emission,
only a few 1g below the current limits. But the environment is contin-
uotsly contaminated and poisoned with tons of Ha/year,

The use of a special inorganic polymeric sulfur compound in an acidic
scrubber or FGD plant produces only nonsoluble non-toxic Hgs,

HgS is chemically and thermally very stable. Therefore, HgS can be
treated both in a classic sewage treatment and in a spray dryer.

Here is the most efficient point for alt Mercury compounds, where it's
allowed to leave the plant.

As non toxic Hgs

With this technology, it is made impossible to form an internal dis-
solved Hg cycle in the scrubber system. Unexpected events can be
butfered. Therere no Hg-blow outs possible.

This is an effective way to separate mercury from a scrubber system,
The special inorganic polymeric sulfur quid (NETfloc SMF1)is easy {o
apply into any scrubber systems.

Regular analyzes of the mercury balance {Hg dissolved/Hg insoluble}
in the scrubber help to determine the optimum dosing level for best
cost efficiency.

The German Umwelt Bundesamt (UBA) has tested HgS as the best
choice for depesition of mercury compound in underground dumps.

BALANCING MERCURY IN THE GERMAN CEMENT
INDUSTRY

HOENIG, Volker®; HARRASS, Robin!
(WDZ

In the past two decades, public awareness of mercury as a harmful en-
vironmental toxin has grown strongly and has moved into the spotlight
of political and social discussion at both nationat and international levels.
Against the background of the Minamata convention and its ongaing im-
plementation in the EU member states, the German Environment Agen-
cy is elaborating proposals for a naticnal abatement strategy. In the light
of this, VDZ, with wide support from its member plants, has drawn up
a mercury balance for the entire German cement industry e clarify the
input and cutput pathways of mercury in cement production. It is based
on mare than 5,300 analysis data on sofids from the incoming and out-
going raw materials, fuels and products, as well as data on air emissions,
which are almost exclusively continuously monitored,

The balance result supports the cement industry's long term experi-
ence that over 460 % of the mercury input enters the process through
the raw materials and less than 40 % through the fuels, About 60 %
of the cutput of mercury occurs through the products and about 40
% through the erissions to air. The levels of mercury in the cements
of 0,016 to 0.048 mg/kg (arithmetic means for CEM -1} are low and
are of the same order of magnitude as in the natural raw materials
used in cement production. Stack emission concentrations were 12.9
ug/m® as a yearly industry average. In order to ensure that emissions
from cement mills do nat falsify the balance result {as most German
cement plants apply dust shuttling technelogy), long-term investiga-
tions at several cement mills (closed-circuit grinding) were performed.
Their results show that the mercury concentration in the exhaust air
lies at a negligibly low level in the range of uncertainty of the method
of measurement {approx. 2 ug/m’.

Generally, there is always the risk of a fairly large level of uncertainty
of a material halance if large mass flows are linked with very low con-
centrations. The main raw materials limestone, marl and chalk as well
as granulated blast-furnace slag show low mercury concentrations with
numerous analytical values below the limit of quantification of the re-
spective method of analysis, Nevertheless - due to the vast number of
available data - the mercury balance is essentially closed for the "most
probable” average case. ’
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OPTIMIZING MERCURY CONTROLS IN COAL COM-
BUSTION POWERAND CEMENT PRODUCING PLANTS

MASHYANOQV, Nikolay R.2
{1)Ohio Lumex Company

Over the course of its 15 vears of industry experience, Ohio Lumex has
developed a variety of measurement technigues, products, and ser-
vices which provide coal-fired utilities and cement kilns with effective
means for reducing mercury emissions. The data provided by these
meastraments has been ¢ritical in helping the affected industries min-
imize operating costs required 1o meet regulatory kimits, via optimiza-
tion of control technologies and injected materials.

Mercury sorbent traps and portable sorbent trap analyzers allow for
“guick and reliable on-site and accurate determination of total mercury
concentration as well as mercury oxidation rafio, in any sampling envi-
ronment from the SCR inlet to the stack. Sarbent traps have become
‘the industry standard, and are well-renowned for their self-validation
criteria, ease of use, and reliability. In addition fc mercury sorbent
traps, Ohio Lumex has designed sorbent traps to measure a variety of
common analytes of interest, such as NH3, 503, HC, HBr, Se, and As.
Dariable mercury speciating monitors yield real-time tetal and oxidized
mercury datfa, and are designed to function for extended durations in
nearly any sampling environment. Permanent mercury monitoring sys-
tems are generally installed in stacks or at the inlet to FGDs, and are
equipped to send live mercury data directly to the plant's data integra-
tion system.

Hundreds of engineering studies have ufilized these technologies and
have demonstrably reduced the cost of mercury abatement via wning of
plant control technologies as well as optimized injection rates of activat-
ed carbon, dry sorbents, calcium bromide, sulfides and other materials.

INVESTIGATION ON MERCURY EMISSION FROM CHi-
NESE CEMENT SECTOR AND TS WHOLE-PROCESS
ASSESSMENT

L1, Juan*; ZHOU, Chunying®
{1)China Building Materisls Academy

“The cement sector is the fourth biggest source of anthropoagenic mercu-
ry emission. It has been estimated that the cement industry contributes
with 9% or about 173 metric tons 1o the estimated total of 1921 metric
-tons per year of global anthropogenic mercury emissions according to
UNEP report. China preduced around 60% of the world's cement since
2012 Thus. the cement indusiry has become a more important source
_of mercury emissions even while technologically advanced new plants
may have lower emission factors. The worldwide average emission fac-
tor for mercury from cement kilns is around 35 mg/t cement.
This article describes a Project Baseline Investipaton of Mercury
“Emission fram Chinese Cement Sector and Its Whole-process Control
funded by UNIDO, aiming te reduce mercury emissions from cement
sector in an efficient, effective and ccherent manner, and to protect
the human health and environment, Mercury enters in the kiln system
are mainly from natural and alternative raw materials as well as conven-
tional and alternative fueks. So, the easiest means to reduce mercury
missions ray be to reduce the total inputs info the kiln system. The
existing data shows that the average mercury content of raw meal is
0.031 mg/kg-clinker, in which the limestone can often account for the
majority of the mercury input. The average mercury content of fossil
fuels is 0.010 mg/ke. However, the concentration of mercury in raw
materials and fuel can vary significantly, hence, it is important to know
the mercury content of each raw material as weli as its variability. In this
project, it is monitored the sources of mercury from raw materials and
fuels from around 30 selected representative cement plants, as well as

mercury emissions from different process dutlets from 5 cement fnes
in different regions of China. The testing samples include limestone,
raw meal, kiln feed, fuel, kiln dust, coal, clinker and cement from each
cement line. Mercury levels in raw materials and fuels are determined
by Automatic Isokinetic Sampler in accordance with GB30760-2014
Technical Specification for Coprocessing of Sclid Waste in Cement.
Mercury emission from whole process are evaluated with Ontario Hy-
dro Method. The results will identify the mercury emission dependent
on inputs of various materials and fuel and typical process, and clarify
the behavior of mearcury in cement clinker production process.

STUDY ONTHE EFFECTIVENESS OF SELECTED METH-
ODS OF REMOVING MERCURY FROM LIGNITE FLUE
GASES

KOGUT, Krzysztoft: GORECK], Jerzyt MARCZAK, Martal WIERONS-
KA, Faustynal; BURMISTRZ, Piotr; SMOEKA, Rogustaw?

(1AGH University of Science and Technalogy, Faculty of Energy and Fuels
(21SW Innowacie S.A.

In Poland, the largest share in anthropogenic mercury emission to the
atmosphere is generated by the combustion of solid fuels (eleciricity
production}, which amounts to 77.8%. Analyzing the structure of emis-
sions in the couniries of the whele European Union, this share is much
lower and amounts to 63.4%.

Taking into account the structure of electricity generaticn, the larg-
est share is held by lignite-based generation units, Given the higher
mercury content of lignite compared to bituminous coal and the less
favourable elementary composition, dedicated methods to remove
mercury compounds from exhaust gases are necessary.

The methods used to remave mercury, both primary and secondary meth-
ads, have been presented on the basis of the conducted research. For
secondary methods {dedicated to mercury removal), the efficacy of the
methods, thelr advantages, disadvantages and fimitations are discussed.

MERCURY RELEASED FROM MERCURY CONTAMI-
NATED STEEL DURING SMELTING

ANDREW, Mark; KIRBY, Matthew: BAKER, Stuart; BOWER, Matthew;
WALLS, David

Many oil and gas producing regions that have aged assefs, coupled
with Jower reserves of petroleum rescurces, has led to the implemen-
tation of decommissioning activities for these facilities.

Mercury is ubiguitous in oif and gas reservoirs and it is well document-
ed that mercury will deposit onto the internal process infrastructure via
several mechanisms including chemisorption, adsorption, precipitated
scale deposits {e.g. HgSh and co-precipitation with other scale {e.g. ron
oxide). Thus, aged facilities that have reached the end of thair opera-
tional life and are selected for decommissianing may pose a serious risk
to health and the environment.

Decommissicning offshore assets is 2 comprehensive process that en-
COMpPasses;

» Platform preparation

= Well plugging and abandsiiment

« Removal of conductor casing

= Topside removal of rig / platform

» Pipeline and nower cable removal

= Material disposal

The entire process needs to be sustainable with minimal impact on the en-
vironment and as much recycling of the materials as is practically possible,
This presentation details work carried out to better understand the po-
tential mercury exposure to workers and releases to the environment
during the smelting of mercury contaminated scrap steel.
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4.2 Globat and Local policies to inform decisions making
and reduce exposure

ANALYSIS OF NATIONAL PRIORITIES FROM Mi-
NAMATA INITIAL ASSESSMENTS

TODA, Eisaku?

{1)Secretariat of the Minamata Convention on Mercury, United Na-
Hons Environment Programme

One important purpose of Minamata Convention Initial Assessments
{MIAs) is to identify challenges to implementation of the Minama-
ta Convention, and capacity building, technical assistance and other
needs. MIA reports are key documents in planning for capacity build-
ing and technical assistance activities, including projects funded by the
Specific International Programme.

The guidance document developed by UNDP in cooperation with oth-
er intergovernmental organization recommends the submission of MIA
reports to the Secretariat of the Minamata Convention, The secretariat
makes submitted MIA reports available on the Cornvention website, As
of 1 March 2019, MIA reports have been received from 26 countries:
Benin, Burkina Faso, Cameroon, Comoros Costa Rica, Dominican Re-
public, Ethiopia, Jamaica, the Gambia, Guinea, Guyana, Lesotho, Mad-
agascar, Mali, Mexico, Moldova, North Macedonia, Nigeria, Saint Kitfs
and Nevis, Saint Lucia, Senegal, the Seychelles, Tanzania, Trinidad and
Tobago, Lganda and Zambia, The submitted MIA reports are a valuable
source of information for identifying the global challenges and needs
of the developing countries and countries with economies in transition
in the implementation of the Convention.

A prefiminary analysts of the national priorities described in the 26 sub-
mitted MIA reports shows that mercury-added products {Article 4), and
mercury wastes (Article 11} are priorities for most countries. Maore than
half of the countries that mentioned their pricrity areas also included
artisanal and smali-scale gold mining {Article 7} and emission (Arficle
8} in their priority list. Releases (Article 9), health aspects (Article 16},
awareness raising (Article 18) and research and monitoring {Article 19)
were also identified as priority by several countries. Many countries
also listed the development of institistional and regulatory framework
as one of the pricrity achons. Some countries identified specific sec-
tars, such as non-ferrous metal production, cement production, waste
incineration and dental amalgam. Some countries have not identified
priority actions in their MlA reports.

MIA proiects are still underway in more than 100 countries. As more
MiA reports becorne available, Further analysis will become possibie to-
gether with their iventory data, which will contribute to the efficient
allocation of resources for capacity building and technical assistance, and
thus to the effectiveness implementation of the Minamata Convention,

THE KNOWLEDGE PLATFORM OF THE GLOBAL OB-
SERVATION SYSTEM FOR MERCURY (GOS4M): APRO-
ACTIVE ENVIRONMENT FOR DECISION-MAKERS

CINNIRELLA, Sergio®; D'AMORE, Francesco'; BENCARDING, Marian-
tonial; BRUNQ, Delia Evelinal; SPROVIERI, Francescal; DE SIMONE,
Francescot; HEDGECQCK, lan Michael'; PIRRONE, Nicola®

{1)CNR-Institute of Atmospheric Poliution Research, Rende, Italy

Provision of observational and modelled data on mercury in the envi-
ronment do not fully meet the needs of decision-malkers in their as-
sessments as both observation and prediction {i.e. scenario} are most
often pre-processed by domain experts. Current tools are laid out as
tables, graphs, maps, and despite the introduction of the digital para-
digm such tools remain static without offering a proactive environment
for decision-makers.

A proactive environment is characterized by a fully interactive envi-
ronment where the user can control and schedule analyses, design
workflows, integrate different data sources and execute assessments.
in other words there is the need to bring data to knowledge.

The Conference of Parties {COP) {and specifically the established ad-
hoc group} of the Minamata Convention on Mercury (MCM) is working
to prepare the effectiveness evaluation of MCM implementation. As
detaiied in the Report of the ad hoc group of expert on effectiveness
evaluation {UNEP/MC/COPR.Z/ANF/8, hitp:/www.mercuryconvention.
org/Meetings/COP2) it is necessary to provide comparable data on
global basis, make them available through interoperable systems and
enhance their discovery and use.

Under the activity of the Group on Earth Observation (GEQ), the Flag-
ship Global Cbservation System for Mercury {(GOS4M) was launched,
which is part of the GEQ Work Programme (2016-2025}.

GOS4M is aimed to support all interested Parties in the implementa-
tion of the MCM., The core objective of the GOS4M business plan is
to support e Nations, MCM Secretariat, UN Environment and oth-
ers interested Parties and Stakeholders {o contribute to the fulfilment
ihe COP decisions and requests related to, but not limited to, capaci-
ty-building and technical assistance to developing country Parties (Ar-
Hcle 15), research, development and monitoring (Article 19} and Ef-
fectiveness Evaluation of the convention (Article 22). The overarching
goal of GOS4M is to promote actions aiming to provide comparable
global monitoring mercury data, validated modelling frameworks and
assessment tools, Therefare GOS4M is developing a Knowledge Plat-
form {G-KP), an integrated solution of high quality observational data,
model output and digitat tools to respond closely o specific neads, and
address maior knowledge gaps. The G-KP is based on five knowledge
elements: 1) Data Collection/Elicitation; i} Data Formalization/Encod-
ing; i} Data Sharing; iv) Data Use; and v} Data Generation,

This work presents the state-of-art of the G-KP and its petential for
effectiveness evaluation of MOM.

GLOBAL OPPORTUNITIES FOR THE LONG-TERM DE-
VELOPMENT OF THE ARTISANAL AND SMALL-SCALE
GOLD MINING SECTOR: INVOLVING THE SCIENTIFIC
COMMUNITY IN ASGM MERCURY REDUCTION EF-
FORTS

BERNAUDAT, Ludovich; IKEANE, Susan?; DAVIS, Kenneth!

{1}United Nations Environment Programme
[2WNatural Resources Defense Council

In 2014, the Global Environment Facility {GEF} approved the devel-
cpment of the Programme entitied: “Global Opportunities for the
tong-term Development of the Artisanal and Small-Scale Gold Mining
sector” or GEF-GOLD, The Programme is led by the United Nations
Environment Programme (UNEP} and aims to reduce the use and emis-
sions of mercury by the sector in eight countries: Burkina Faso, Colom-
bia, Guyana, Indonasia, Kenya, Mangolia, Peru and the Philippines, The
Programme has four components: 1) formalization of the sector 2} im-
proving aceess to finance and access to fermal markets for the miners
3 transfer of non-mercury altermatives and 4} knowledge management
and communication, The Programme was officially launched in London,
United Kingdom in February 2019%.

As a collaborative initiative, GEF GOLD calls for the invelvement and
participation of a wide range of partners to contribute to the four main
components of the Programme. During the launch in bondon, investors
and representatives from the gold consumer industries have expressed
interast in working with us. However, further engagement of the scien-
tific community is also important to achieve the geals of the pregram.
In particular, scientific inputs fram environmental and social scientists
are required to assist in the implementation and to monitor and docu-
ment the achievements.

Engineering expertise and science is needed to suppart the technology
transfer component as the ideal solutions are often very site-specific
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and many options will have to be tried and evaluated. In the same vein,
innovative and cost-effective tools for monitoring miners’ exposure to
mercury and environmental mercury concentrations at mine sites will
have 1o be developed. The results will not only coniribute to the imme-
diate monitoring of the project but also provide data to help evaluate
the fate and transport of mercury from ASGM globally. Further, the
inputs of social sciences will be important for the formalization and
the access to finance components. Understanding the social-economic
systems that either hinder or enhance farmalization, and the social and
governance barriers to the adoption of mercury-free techniques, will
aliow the Programme to tailor intervention to address them.

THE USE AND IMPACT OF FLEXIBILITY MECHANISMS
IN MULTILATERAL ENVIRONMENTAL AGREEMENTS
— INVESTIGATING PRACTISE AND IMPACT UNDER
THE MINAMATA CONVENTION ON MERCURY

.STEtNDAL, Eirik H.%; LIN, Yan®, ROSENDAL, Kristin®, ANDRESEN,
Steinar?; LARSSEN, Thorjernt

{1}Norwegian Institute for Water Research

{2YFridtjof Nansen Institute

When negotiating new multilateral environmertal agreements (MEAS),
delegates devole significant attention to the balance between depth
Yorsus perficipation. A prevailing one-dimensional assumption has
been that more siringent obligations imply less ratificaions and vice
versa. However, scholars have over the years modified this picture,
claiming that the dynamics are in fact multidimensional. The specif-
ic design of the MEA, including enforcement rules, organizafion and
function, financial assistance and dispute settlement, are all aspects
that may influence participation. Under the recently adopted MEA,
the Minamata Convention on Mercury (MC), exemptions were intro-
duced as a core flexibility mechanism, zllowing Parties a permanent
exernption for some specific types of use and temporary exemptions
for a broad range of provisions. However, the need or potential im-
pact of such mechanisms has not previously been assessed. This paper
will investigate the use and the Impact of the exemption mechanism
under the MC, by analysing the requests and motivations for exemp-
tions, which countries and why they have reguested an exemption,
its finks to participation and its potential impact on sctual reductions.
The study will provide an empirical perspective from the MC of how
flexibility measures are being applied and how they may influence the
weduction patential and overall objective of the instrument.

INCORPORATING DIVERSE PERSPECTIVES ON THE
HUMAN HEALTH IMPACTS OF METHYLMERCURY EX-
"POSURE INTO REGULATORY ENVIRONMENTAL AS-
SESSMENT

'BARNARD-CHUMIK, Hannah®; GIANG, Amanda
{1 University of British Columbia

Enviranmental pelicy choices are fraught with competing scientific, so-
cial, political, and cultural considerations. Althcugh mercury exposure
is a health risk of gicbal concern, as avidenced by the Minamata Con-
vention, it is not entirely evident how fo translate scientific knowledge
of mercury and methyl mercury exposure inte policy and regulations
that protect human heaith in a holistic manner that is refevant to local
communifies, This rescarch explores how multi-disciplinary knowledpe
about the human health impacts of methyl mercury exposure is used in
the regulatory decision-making process.

The case study of interest is the Muskrat Falls hydroelectric project
in Labrador, Canada. During the project implementation phase, there
was a lack of consensus among stakeholders regarding the potential

increases in expasure to methyl mercury and the subsequent heatlth
impacts - particularly for downstrearn Indigenous communities con-
suming country foods, This case illustrates how contradictory scientific
evidence and competing cultural values can lead to controversial deci-
ston-making outcomes, We use qualitative discourse analysis to elicit
the scientific and decision-making rhetoric surrounding the controver-
sy from the perspectives of muitiple stakeholders. Discourse analysis
connects language use in fext documents to broader sccial themes,
which reveals important perceptions shout whether environmental
policies are adequately protecting humar heatth from risks ke mercury
exposure. We use qualitative coding to elieit discourses present in the
academic literature, the grey literature, news articles, and interviews
with key stakeholders, Through this analysis, we explore themes such
as how human health is defined by different stakeholders, what is con-
sidered adeguate scientific evidence for policy-making, and the scien-
fific and culfurat thresholds of significant adverse health impacts from
methyl mercury exposure. Preliminary findings indicate that health
impacts included in the regulatory assessment of the project did not
refiect the health concerns of the community. This work contributes to
the exploration of future mercury reduction policy avenues that incor-
porate balanced perspectives from multiple stakehoiders,

TRANS-PROVINCIAL HEALTH IMPACTS OF ATMOS-
PHERIC MERCURY EMISSIONS iN CHINA

CHEN, Long®: LIANG, Sai?; LIU, Maodian®; M, Zhifu; ZHANG, Yanxu?;
ZHANG, Haoran® TONG, Yindongt;, ZHANG, Wei?; WANG, Xuejun®;
SHU, liongt YANG, Zhifeng?

{1)East China Normal University

{2)Beijing Normal University

{3)Peking University

{4niversity College London

(BiMNanfing University

{6 Tianjin University

{7iRenmin University of China

Mercury (Hg) exposure poses substantial risks to human health. Inves-
figating the more complete chain of the biogeochemical Hg cvcle from
economic activities to human haalth can reves! the sources and ¢ritical
processes of Hg-related health risks and help inform policy decisions
for subsequent Hg control, We develop a more comprehensive assess-
ment method using an emission inventory, a multiregional input-output
model, an atmospheric transport modet and health impact assessments
to investigate the more complete chain of the biogeochemical Hg cy-
cle. This method is applied to mainland China - the largest Hg emitter
in the world. We present 3 map of Hg-related heaith risks in China and
estimate that 0.14 points of per-foetus intelligence quotient {1} dec-
rements and 7,360 deaths from fatal heart attacks are related to the
intake of methyimercury in 2010, This study, for the first time, reveals
the considerable magnitude of the net impacts of interprovincial trade
on Hg-related health risks over the whole country. For instance, in-
ferprovincial trade induced by final consumption of products prevents
0.003% points for per-foetus 1Q decrements and 194 deaths from fatal
heart atfacks. These findings highlight the importance of source iden-
fification and relevant policy decisions in different stages of economic
supply chains to effectively reduce Hg-related health risks. Meanwhiie,
the spatial relocation of Hg-related health risks due to interprovincial
trade highlights regional pairs/groups that can collaboratively reduce
Hg-related health risks of the whole system. Final consumers such as
Shanghai, Zhejiang, and Guangdong could transfer related technol-
ogies and capital to their upstream direct emitters {e.g., Henan and
Gansu) to reduce their Mg-related health risks, Primary suppliers such
as Shanxt and Inner Mongolia could transfer related technologies and
capital to their downstream users {e.g., Gansu and Yunnan) to reduce
their Hg-related health risks.
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