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a b s t r a c t

To trace the circulation history of aquatic bioavailable Hg in the Antarctic, the species and isotopic
compositions of Hg in sediment, Archaeogastropoda (Agas), Neogastropoda (Ngas), and fish collected from
King George Island were studied in detail. Positive mass independent fractionation (MIF) was observed
and positively correlated with the percentages of methylmercury (MeHg%) in Agas and Ngas, suggesting
an effect of MeHg accumulation during trophic transfer on MIF signatures. However, both the ratios of
D199Hg/d202Hg and D199Hg/D201Hg indicated different circulation histories of Hg in Agas, Ngas, and fish.
The microbial methylation in sediment was the primary source of MeHg in Agas and Ngas (D199Hg/
d202Hg ~0, D199Hg/D201Hg ~1.00). In contrast, the MeHg in fish (D199Hg/d202Hg¼ 0.55 ± 0.06, D199Hg/
D201Hg¼ 1.19± 0.17) came from the combined sources of residual MeHg which had sunk from the sur-
face water and microbial-methylated MeHg in sediments, and the bioavailable Hg in the sediments
contributed to approximately 44% of the total Hg in fish. Subsequently, the D199Hg values of bioavailable
MeHg and IHg in sediments were quantitatively calculated, which provided key end-member informa-
tion for future source apportionment in the Antarctic and other pelagic regions. It was also found that the
Hg accumulated in Agas and Ngas had no history of MeHg photo-degradation, indicating that the
methylated Hg in benthic zones suffered little photo-degradation and thus presented high bioavailability
and environmental risk.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

The ocean is a huge reservoir of mercury (Hg) on Earth, and
plays a crucial role in global Hg cycling (Zheng et al., 2015). In
oceanic ecosystem, the inorganic Hg (i.e. Hg2þ, Hg0) can be meth-
ylated into methylmercury (MeHg) through microbial or chemical
reactions in sediments (Hammerschmidt and Fitzgerald, 2004) and
thewater column (Lehnherr et al., 2011; Sunderland et al., 2009). As
the most toxic species of Hg with high neurotoxicity and bio-
accumulation in the food web (Blum et al., 2013; Chouvelon et al.,
2018; Zheng et al., 2015), MeHg can cause severe damage to
nvironmental Chemistry and
l Sciences, Chinese Academy
marine biota, and further to human health through the consump-
tion of seafood.

The Antarctic is the most isolated region in the world and ex-
periences the minimum impact from anthropogenic contamination
(Trevizani et al., 2018). However, recent studies have found that the
Antarctic is a sink for Hg (Carravieri et al., 2018; Nerentorp
Mastromonaco et al., 2016). In particular, the unique atmospheric
Hg depletion events (AMDEs) in polar regions elevated the depo-
sition of Hg (Ebinghaus et al., 2002; NerentorpMastromonaco et al.,
2016; Steffen et al., 2008). The Hg deposited into the Antarctic
marine environment can be methylated. Moreover, the Antarctic
sea ice provides a favorable place for microbial methylation
(Gionfriddo et al., 2016). Because the Antarctic is vulnerable and
sensitive to Hg contamination (Bargagli, 2008), even low levels of
Hg may cause significant damage. Worse, the biomagnification of
Hg (especially MeHg) in the food web (Chen et al., 2009; Clayden
et al., 2013; Lehnherr et al., 2011) would lead to elevated Hg
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concentrations in the high-trophic level biota and cause serious
health damage. Therefore, it is of great concern to understand the
sources and accumulation of Hg in the Antarctic marine ecosystem.

The Hg stable isotope analysis is useful for tracing sources and
behaviors of Hg. Similar mass-independent fractionation (MIF) of
Hg have been found in sediments and modern penguin and seal
fences from the Antarctic Ross Sea, suggesting that the historical
fences were an important source of Hg for sediments (Zheng et al.,
2015). The D199Hg/D201Hg ratios (~1.0e1.3) in sediment influenced
by seal fences indicated in situ Hg methylation in the subsurface
ocean. The similar mass-dependent fractionation (MDF) and MIF of
Hg between the blood and feathers (same exposure term of Hg) of
skua chicks indicated a lack of metabolic influence on the isotopic
compositions of Hg between different avian tissues. The blood and
feathers of penguins represented different exposure terms of Hg
and revealed different MDF and MIF of Hg, suggesting that the
seabird tissues could be used as practical biomonitors for Hg
exposure (Renedo et al., 2018). However, studies on this topic are
limited, and the biogeochemical cycling of Hg in oceanic ecosys-
tems is still unclear.

The aim of this work was to trace the circulation history of Hg in
aquatic biota from the Antarctic using stable isotopes of Hg. The
species and isotopic compositions of Hg in marine biota and sedi-
ment samples were analyzed. The sources of Hg in Archae-
ogastropoda (Agas), Neogastropoda (Ngas), and fish, and potential
environmental processes of MeHg were discussed. The MIF signa-
tures of bioavailable Hg in sediments and their contributions to the
Hg levels found in fish were calculated.

2. Materials and methods

2.1. Study area and sample collection

Samples were collected along the Fildes Peninsula of the King
George Island of western Antarctica. The climate of this region is
classified as subpolar maritime climate, with an average annual
temperature of about �2 �C (Chu et al., 2019). The sampling sites
were all located between 62.18� and 62.23� S and between 58.90�

and 58.98� W (Table S1). During sampling, clauses of the Antarctic
Treaty and The Protocol in Madrid and there annexes were strictly
followed. Five sediment samples, twelve archaeogastropoda
(Nacella concinna; Agas) samples, three neogastropoda (Trophon
geversianus; Ngas) samples, and eight fish (Notothenia coriiceps)
samples were collected during the 26th (December 2009 to January
2010), 29th (December 2012 to January 2013), and 34th (January to
February 2018) Chinese Antarctic Expeditions. Sediments were
collected using a stainless-steel grabber. Agas, Ngas, and fish
samples were collected along the coastline. For each sample loca-
tion, approximately 90 individual Ngas were combined into one
sample and approximately 50 individual Agas were combined into
another sample. The samples were immediately freeze-dried at the
Chinese Great Wall Station and were then transported to the lab-
oratory in Beijing, China, homogenized to a fine ground powder and
preserved at �20 �C until analysis.

2.2. Analysis of THg and MeHg

The concentrations of total Hg (THg) in samples were measured
using a MERX Automatic Mercury System (Brooks Rand In-
struments, USA). All samples were pretreated by thermal decom-
position (Liu et al., 2017). Briefly, the thermal decomposition
system contained two furnaces in tandem. The first combustion
furnace was ramped to a maximum temperature of 1000 �C, and
approximately 0.35 g of a biota sample or 2.0 g of a sediments
sample was placed into the quartz tube inside the combustion
furnace. The second decomposition furnace was programmed to
hold the temperature at 1000 �C. Gold-trap-purified O2 was used
during the pretreatment at a constant flow rate (25mL/min). The
Hg0 vapor was transported and bubbled into a solution of 40% (v/v)
mixture of HNO3 and HCl (2:1, v/v) wherein Hg0 was oxidized and
remained as Hg2þ.

For MeHg analysis, approximately 0.1 g of a biota sample was
weighed into an 8mL brown glass container and 4mL of a 25% (m/
v) KOH/CH3OH solution was added. The mixture was shaken for
4 h at 37 �C and 240 rpm with a shaker. After dilution, the solution
was centrifuged at 3000 rpm for 20min. Then, approximately
0.1mL of the solution was added into the autosampler vial and
ethylated by sodium tetraethyl borate (NaBEt4). The concentrations
ofMeHgwere determined using aMERX AutomaticMethylmercury
System (Brooks Rand Instruments, USA) following USEPA
method1630.

2.3. Analysis of Hg stable isotopic compositions

Multi-collector inductively coupled plasma mass spectrometry
(MC-ICP/MS, Nu Instruments, UK) was applied for the analysis of Hg
isotopes. The previously described thermal decomposition method
was also applied for pretreatment. Before analysis, digestion solu-
tions were diluted to 1 ng/mL and then mixed with a SnCl2 solution
(3%, w/v) in a cold vapor generator (CVG) system, wherein Hg2þ

was transformed into Hg0. The internal Tl standard (NIST SRM 997,
20 ng/mL in 3% HCl, v/v) was added as an aerosol to the gas stream
via the desolvating nebulizer system (DSN-100, Nu Instruments,
UK), and a sample-standard bracketing (SSB) methodwere adopted
to correct instrumental mass bias. The Hg isotopic compositions
were reported in delta (d) notation:

dXXXHg ¼
h�

ðXXXHg=198HgÞsample

.
ðXXXHg=198HgÞNIST3133

�
� 1

i

� 1000

(1)

where XXX is equal to 199, 200, 201, or 202. The MIF was reported
in capital (D) notation following the method reported by Blum and
Bergquist (2007):

D199Hg ¼ d199Hg � d202Hg � 0:252 (2)

D200Hg ¼ d200Hg � d202Hg � 0:502 (3)

D201Hg ¼ d201Hg � d202Hg � 0:752 (4)

2.4. Analysis of stable nitrogen, carbon isotopes

For stable nitrogen and carbon isotope analysis, biota samples of
approximately 1e2mg were analyzed using a DELTA V Advantage
isotope ratio mass spectrometer interfaced to a Flash EA1112 HT
elemental analyzer (Thermo Fisher, USA). d15N and d13C were re-
ported in per mil, referenced to atmospheric nitrogen and Pee Dee
Belemnite standards, respectively, where:

d15N ¼
h�

ð15N=14NÞsample

.
ð15N=14NÞStandard

�
� 1

i
� 1000

(5)

d13C ¼
h�

ð13C=12CÞsample

.
ð13C=12CÞStandard

�
� 1

i
� 1000 (6)



Fig. 1. D199Hg and d202Hg values in (a) different Antarctic biota and (b) oceanic fish
from different aquatic environments. The dashed box in (a) stands for data in this
study, the extra data come from previous studies. Equations in (b) are calculated by
linear regression of D199Hg vs. d202Hg for samples (Blum et al., 2013; Madigan et al.,
2018; Renedo et al., 2018; Sackett et al., 2017).
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The analytical precisions were ±0.2‰ for d15N and ±0.1‰ for
d13C.

2.5. Quality assurance/quality control (QA/QC) and statistical
analysis

Reagent and method blanks, sample replicates, and certified
reference materials (CRMs) were used in all analysis procedures for
quality assurance and quality control. The Hg concentrations
determined in DORM-4 (fish protein, National Research Council
Canada) and NIST 1632d (bituminous coal, National Institute of
Standards and Technology, USA) were both in good agreement with
certified values. The relative standard deviations (RSDs) for THg
and MeHg in duplicate measurements ranged from 1 to 15% and
from 1 to 14%, respectively. To guarantee the accuracy of the Hg
isotopic analysis, DORM-4, GBW 07310 (sediment, The National
Centre Research for Methods, China), and UM-Almad�en were
simultaneously measured as secondary reference standards, and
the results were consistent with published data (Balogh et al., 2015;
Blum and Bergquist, 2007; Estrade et al., 2010; Liu et al., 2018)
(Table S2).

Statistical analysis of the data was performed using SPSS Sta-
tistics 20 and Origin 8.0 software. The statistical significance was
defined at p< 0.05. One-way ANOVA, correlation analyses, and
regression analyses were performed as part of the statistical
analysis.

3. Results and discussion

3.1. Concentrations and isotopic compositions of Hg

All concentrations were expressed on a dry weight basis
(Table S1). The average concentration of THg in sediments was
10.3± 4.0 ng/g (1SD, n¼ 5). Because of the low concentrations of
THg in these samples, their MeHg contents were not analyzed.
Between the other biota samples, the THg, MeHg, and MeHg% were
significantly different (p< 0.05, one-way ANOVA). On average, the
THg and MeHg concentrations and MeHg% were lowest in Agas
(27.5± 4.8 ng/g, 5.5± 1.8 ng/g, 21± 8%, respectively), followed by
Ngas (55.8± 1.7 ng/g, 31.8± 3.6 ng/g, 57± 5%, respectively). As ex-
pected, fish samples had the highest THg (94.0± 23.9 ng/g), and
MeHg (80.2± 26.1 ng/g) concentrations and MeHg% (84± 10%).
Further regression analysis revealed that the THg (r2¼ 0.87), MeHg
(r2¼ 0.87) concentrations and MeHg% (r2¼ 0.89) had significant
positive linear relationships with d15N (Fig. S1), indicating the
biomagnification of Hg during trophic transfer.

Overall, samples collected in this work had both MDF (d202Hg)
and MIF (D199Hg) of Hg (Fig. 1a and Table S1). Negative and positive
d202Hg values were observed. All D199Hg values were positive
(0.95± 0.32‰, 1SD, n¼ 23) except in sediment (0.02± 0.04‰, 1SD,
n¼ 5) samples, which were near zero. Compared to fish from other
oceanic regions, the Hg isotopic compositions in fish from the
Antarctic (d202Hg: 0.13± 0.10‰, D199Hg: 1.28± 0.09‰, 1SD, n¼ 8)
were almost overlapped with those in tuna from the gulf of Mexico
(d202Hg: 0.2e0.5‰, D201Hg: 1.5‰) (Senn et al., 2010), and the
deepest occurring fish in the Pacific Ocean (d202Hg: 0.2‰, D199Hg:
1.5‰) (Perrot et al., 2012), but were much lower than those in the
shallowest occurring fish in the Pacific Ocean (d202Hg: 1.5‰,
D199Hg: 5.3‰) (Perrot et al., 2012). The variations in Hg isotopic
compositions in samples from different aquatic environments can
be attributed to various factors. Photochemical reactions in aquatic
systems can alter both the d202Hg and D199Hg values (Bergquist and
Blum, 2007). Some other factors can only induce the MDF of Hg in
aquatic systems. For example, microbial methylation preferentially
enriches lighter isotopes, which may lead to lower d202Hg values in
the MeHg produced (Rodríguez-Gonz�alez et al., 2009). In contrast,
the microbial demethylation process can result in higher d202Hg
values in residual MeHg (Kritee et al., 2009). Further, prey and di-
etary factors, the restrictions imposed by dam building, etc., have
also been identified as factors that contribute to the alteration of
MDF in aquatic systems (Kwon et al., 2015; Liu et al., 2018).
3.2. Lack of history of photo-degradation of MeHg for Hg
accumulated in Agas and Ngas

In this study, both the Nacella concinna (Agas) and Trophon
geversianus (Ngas) were foraging at the benthic zone near sedi-
ments. They were confirmed to have the predator-prey relationship
(predator: Ngas) (Li et al., 2016), which can be further supported by
the similar d13C values (Table S1). In contrast to the results of pre-
vious studies at Lake Baikal (Perrot et al., 2012) and the North-
eastern U.S. estuary (Kwon et al., 2014), there was no enrichment of
heavier isotopes (e.g., 202Hg) during trophic transfer (p> 0.05, one-
way ANOVA). This was because that the MDF could easily be
induced by physical, chemical, and biological reactions (Estrade
et al., 2009; Gratz et al., 2010; Wiederhold et al., 2010), and



Fig. 3. The slope of D199Hg vs. D201Hg in Antarctic biota samples and in other oceanic
fish (Blum et al., 2013; Madigan et al., 2018; Sackett et al., 2017) and freshwater fish
(Kwon et al., 2014; Lepak et al., 2018; Liu et al., 2018; Perrot et al., 2012).
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different reactions can induce negative or positive MDF. On
average, Ngas (1.15± 0.04‰, 1SD, n¼ 3) exhibited higher D199Hg
values than Agas (0.67± 0.13‰, 1SD, n¼ 12) (p< 0.01, one-way
ANOVA). The D199Hg values increased significantly with
increasing d15N (p< 0.001, Fig. S2), which was also observed in
other aquatic ecosystems (Kwon et al., 2014; Perrot et al., 2012).
This reveals that the bioaccumulation of Hg in natural aquatic food
webs generates an enrichment of odd-mass isotopes. Moreover, the
D199Hg values showed significant positive correlations with the
MeHg% (Fig. 2), which has also been found previously in other food
webs (Gantner et al., 2009; Kwon et al., 2014; Perrot et al., 2012;
Senn et al., 2010). Since fish feeding experiments have previously
shown the absence of MIF during bioaccumulation (Kwon et al.,
2013), this correlation indicated that the bioaccumulation of
MeHg significantly influenced the MIF signatures of Hg in aquatic
biota.

The production of MeHg in marine systems was shown to pri-
marily occur during two processes, methylation in the water col-
umn (Lehnherr et al., 2011) and methylation in sediment (Blum
et al., 2013). The MeHg produced in the water column can un-
dergo photo-degradation and alter both MDF and MIF, which can
lead to a D199Hg/D201Hg value of 1.34± 0.04 (Bergquist and Blum,
2007), while methylation in sediments can not induce new MIF
and thus preserves the original D199Hg/D201Hg value of 1.00± 0.01
(Bergquist and Blum, 2007). Herein, the ratio of D199Hg/D201Hg was
used to get further insight into the circulation history of Hg. In this
study, the D199Hg/D201Hg values of Agas (1.02± 0.11) and Ngas
(1.06 ± 0.40) were close to 1 (Fig. 3), which demonstrate that there
was no history of photo-degradation of MeHg in Agas and Ngas in
this region. Moreover, MeHg produced in the water column can
undergo photo-degradation and lead to a D199Hg/d202Hg value of
2.43 (Bergquist and Blum, 2007), while the microbial trans-
formation may result in a D199Hg/d202Hg value close to 0. The near-
zero D199Hg/d202Hg values of Agas and Ngas (Fig. 1b) indicated that
MeHg produced by microbial transformation in sediment was the
primary source of MeHg in Agas and Ngas.

The D199Hg values of bioavailable Hg (MeHg and inorganic Hg
that can be accumulated by aquatic biota) in sediment can subse-
quently be calculated using the correlation between D199Hg and
MeHg%. A MeHg% value of 100% would indicate that all of the Hg is
present as MeHg, while a value of 0 would indicate that all the Hg is
present in the form of inorganic Hg (IHg). The results of this study
revealed a D199Hg value of MeHg in sediment of 1.56± 0.05‰, and a
D199Hg value of bioavailable IHg in sediment of 0.39± 0.02‰. Since
Fig. 2. Hg isotope MIF (D199Hg) variations with MeHg% in the different Antarctic biota.
bioavailable Hg in sediment is one of Hg sources for aquatic biota, it
can be an end-member during source apportionment. The features
of theMIF of bioavailable Hg in sediment are critical to calculate the
contribution of bioavailable Hg in future study. It should be noted
that the calculated D199Hg values were different from the deter-
mined values of D199Hg in collected sediments (0.02± 0.04‰, 1SD,
n¼ 5). This is because geogenic Hg is an important Hg source in
sediments, which explains the near-zero MIF signature and diluted
MIF signature of bioavailable Hg in sediments. Moreover, the geo-
genic Hg in sediment mainly exists in forms that are not utilized
biologically, such as HgS, etc. (Stein et al., 1996).

3.3. Circulation history and sources of Hg in fish

As shown in Fig. 3, the ratio of D199Hg/D201Hg in fish (1.19± 0.18)
was significantly different from the reported diagnostic slope of the
MeHg photo-degradation process (1.34± 0.04) and the reported
diagnostic slope of Hg2þ photo-reduction (1.00± 0.01) (Bergquist
and Blum, 2007). The fish in this study thus exhibited the com-
bined influence of MeHg photo-degradation and Hg2þ photo-
reduction, even though they contained ~84% MeHg.

The different D199Hg/D201Hg ratios between the mollusks (Agas,
Ngas) and fish were possibly due to the different D199Hg/D201Hg
ratios in their food. This suggests the existence of different marine
Hg pools which possess distinct Hg isotopic compositions. There
were also different bioaccumulation pathways of these Hg pools
between mollusks and fish. The ratio of D199Hg/D201Hg (1.19± 0.18)
in fish and the MeHg% value of up to 84± 10% indicated that MeHg
from these two Hg pools accumulated via distinct processes. It was
likely that MeHg in the water column was residual MeHg that had
sunk from the surface and undergone photo-degradation (D199Hg/
D201Hg: 1.34± 0.04). The Hg2þ methylated via microbial methyl-
ation in sediment was from the surface marine water. It likely
attached to sinking organic particles (Cossa et al., 2011; Sunderland
et al., 2009) after having undergone photo-reduction on the surface
marine water, and its D199Hg/D201Hg value was 1.00± 0.01. These
results suggest that theMeHg of benthic biotawas in this study area
had no undergone photo-degradation, and can be transferred
through the food web and thereby accumulate in higher trophic
levels.

The D199Hg/d202Hg value in fish in this study was 0.55± 0.06
(Fig. 1b), indicating that the MeHg in fish came from the water
column and sediment. Studies have found that the subsurface
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ocean (100e1000m) had high MeHg concentrations (Cossa et al.,
2009; Cossa et al., 2011; Hammerschmidt and Bowman, 2012;
Mason et al., 2012;Mason and Fitzgerald,1993;Mason and Sullivan,
1999). The fish Notothenia coriiceps is forages at this depth and
relies on Antarctic krill and small fish for food, which indicates the
accumulation of MeHg from thewater column. Besides, the D199Hg/
d202Hg value of collected fish Notothenia coriiceps was much lower
than that of the pelagic fish from the Pacific Ocean (Blum et al.,
2013; Madigan et al., 2018) and bottomfish from the Hawaiian
ocean (Fig. 1b) (Sackett et al., 2017), which indicated fish in this
study tend to accumulate Hg that had undergone more microbial
transformation. This was because the Notothenia coriiceps collected
in this study is a demersal fish and their Hg exhibited a closer
relation with sediment. Although the D199Hg values of surface-
dwelling fish in the Antarctic marine system were not measured,
surface-dwelling fish in the North Pacific Ocean exhibited higher
D199Hg values than the Notothenia coriiceps in this study, while the
deepest-dwelling fish in the North Pacific Ocean exhibited com-
parable D199Hg values to those of the Notothenia coriiceps in this
study. This also indicated that the MeHg produced in marine sed-
iments via microbial methylation was an important source of bio-
accumulated MeHg in Notothenia coriiceps in this study.

Since the Hg in fish consisted of Hg from the water column and
sediment, we were able to an isotopic mixing model based on the
MIF ratios to quantitatively calculate the contributions of the two
sources to the levels in fish as follows:

D199Hg=D201Hgfish ¼ D199Hg=D201HgMWXMW

þ D199Hg=D201HgMSXMS (7)

XMW þ XMS ¼ 1 (8)

where XMW is the contribution of Hg from the water column, XMS is
the contribution of Hg from the sediment, and D199Hg/D201HgMW
and D199Hg/D201HgMS are the MIF ratios of the water column and
sediment, respectively.

The D199Hg/D201Hg ratios of Hg from the two sources were
described previously. Thus, we were able to calculate the contri-
butions of the two sources. The result indicated that Hg from the
water column contributed approximately 56± 61% of the Hg in fish.
Hg from the sediment contributed approximately 44± 48% of the
Hg in fish.

The D199Hg/D201Hg ratio of fish was consistent with those of all
marine fish (~1.17) that have been analyzed previously (Blum et al.,
2013; Gehrke et al., 2011; Kritee et al., 2009; Senn et al., 2010), and
lower than that of freshwater fish (~1.28) (Fig. 3) (Kwon et al., 2014;
Lepak et al., 2018; Liu et al., 2018; Perrot et al., 2012; Tsui et al.,
2012). According to equations of (7) and (8), the lower D199Hg/
D201Hg ratio of themarine fish indicated that they had accumulated
more Hg from sediment than freshwater fish typically do, and that
the Hg in marine fish had undergone a lower degree of photo-
degradation before accumulating in the food web than the Hg in
freshwater fish. The lower rate of photo-degradation of MeHg
observed in marine water than in fresh water which caused by the
type of methylmercury-binding ligand present in the water may be
a possible factor (Zhang and Hsu-Kim, 2010). Moreover, the lower
rate of photo-degradation of MeHg in marine water indicates a
higher primary production in marine ecosystems. Inorganic Hg
input intomarine systems can be effectively methylated intoMeHg,
and subsequently accumulate in food webs.

4. Conclusions

The D199Hg values of Agas and Ngas increased with the d15N and
the MeHg% values suggesting that the variation in D199Hg during
trophic transfer was influenced by the accumulation of MeHg. The
D199Hg/D201Hg and D199Hg/d202Hg ratios revealed that MeHg pro-
duced via microbial methylation in sediments was the main source
of MeHg in Agas and Ngas, while the MeHg in fish was from the
both residual MeHg that had sunk from the water column and
MeHg produced in marine sediment via microbial methylation.
Based on these results, the D199Hg values of bioavailable MeHg and
IHg in sediments were quantitatively calculated, which provided
key end-member information for future source apportionment in
the Antarctic and other pelagic regions. Since marine sediment is a
huge reservoir of Hg, the bioavailable Hg in sediments can be
accumulated into the food web and become an important source of
Hg for biota at high trophic levels. We calculated that the
bioavailable Hg in sediments contributed to approximately 44% of
the Hg in fish, which is critical for understanding the environ-
mental risk of Hg in sediments. It was also found that the meth-
ylated Hg in benthic zones had undergone little photo-degradation,
indicating increased bioavailability of Hg in sediments which may
have been underestimated in the past.
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