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The effects of aquaculture on mercury distribution, changing
speciation, and bioaccumulation in a reservoir ecosystem
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Abstract A survey was conducted in a freshwater reservoir
located in Guizhou province, south China, to investigate the
influence of fish aquaculture activities on mercury (Hg) dis-
tribution, speciation change, and bioaccumulation. Water, sed-
iment, and aquaculture fish samples were collected from aqua-
culture sites (AS) and the corresponding reference sites (RS).
The results showed that total mercury (THg) concentration in
overlying water in Wujiangdu reservoir reached
6.87 £ 14.9 ng L™". THg concentration in a different layer
follows the sequence: surface layer > bottom layer > three
intermediate layers with significant difference. In addition,
the total methylmercury (TMeHg) concentration in overlying
water was 0.113 = 0.211 ng L™'. The highest TMeHg was
observed in the bottom layer. Both dissolved Hg (DHg) and
dissolved methylmercury (DMeHg) accounted for more than
50% of THg and TMeHg in the top four layers of overlying
water, respectively. In contrast, particulate Hg (PHg) and par-
ticulate methylmercury were the major portion of THg and
TMeHg in bottom layer and reached to 67 and 58.7% of
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THg and TMeHg, respectively. Aquaculture activities were
estimated to contribute an annual loading of approximately
69.8 ng g 'of THg yearly in the top 1 cm of sediment under-
neath the rafts due to unconsumed fish feed. The extra loading
of THg in sediment may have potential to stimulate the release
of Hg to the overlying water. Both DMeHg and DHg in sed-
iment pore water and organic matter (OM) contents in the top
4 cm of AS were noticeably higher than RS, which indicated
that the accumulation of OM due to aquaculture activities
promoted MeHg production in the top surface of sediment
pore water. No significant difference was noted between
THg in RS (296 + 104 ng g ') and AS (274 + 132 ng g ')
in the solid phase. In addition, the sediments were net sources
of both MeHg and inorganic Hg. For Hg in fish tissues, THg
and inorganic Hg (IHg) in the liver were significantly higher
(THg: p < 0.001, F =9.98; [Hg: p < 0.001, F = 13.1) than
those in the other organs. In contrast, MeHg concentration in
the muscle was significantly higher than (p < 0.01, F = 4.83)
that in the other organs.

Keywords Methylmercury - China - Organic matter -
Sediment - Fish

Introduction

The increase in seafood production using aquaculture pro-
vides a valuable source of high-quality protein and is an im-
portant cash crop in many parts of the world (Sapkota et al.
2008). An estimated 56% of the world’s population obtains at
least 20% of their animal protein intake from finfish and shell-
fish (FAO 2004). Global fish production from aquaculture has
therefore increased rapidly over the past four decades, contrib-
uting significant quantities to the world’s supply of fish for
human consumption (Subasinghe et al. 2009). In 2013, 97.2
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million tonnes of seafood were produced (FAO 2014). This is
the first time that aquaculture production has exceeded the
capture from the worldwide. China has the largest amount of
aquaculture products, contributing 59% of the world total
(FAO 2014).

However, the majority of aquaculture facilities rely heavily
on the input of trash fish and feed pellets, in addition to the
application of agrochemicals and antibiotics. The organic mat-
ter (OM) accumulated in sediment beneath aquaculture facil-
ities consisted of unconsumed feed, excreta from fish, and
many chemical and biological contaminants derived from
aquaculture operations (Liang et al. 2011; Sapkota et al.
2008). Increased oxygen consumption during OM degrada-
tion leads to progressively more anoxic conditions at the
sediment/water interface, which may lead to mobilization
and speciation change of various contaminants.

Mercury (Hg) contamination is globally ubiquitous in
aquatic ecosystems (Driscoll et al. 2013). Direct and indirect
sources of Hg contribute continuously to the increasing load-
ing of Hg to the aquatic environment (UNEP 2013). Inorganic
Hg is readily transformed into methylmercury (MeHg), a
highly toxic and bioaccumulative form in the anoxic benthic
environment. The deposition and depletion of OM may there-
fore be benefit for the potential methylation of inorganic Hg
(Khwaja et al. 2006; Yin et al. 2013). However, extremely
high contents of OM may inhibit MeHg production in sedi-
ment since the binding of OM with Hg will lower the bioavail-
ability of Hg to sulfur-reducing bacteria or iron-reducing bac-
teria (Hammerschmidt et al. 2008; Liang et al. 2011, 2013).
Therefore, the role of OM on MeHg production in the aquatic
system is still unclear. In addition, aquaculture activities may
also result in the suspension of particles, which may alter the
partition of Hg between solid and liquid phase, the transpor-
tation of Hg between sediment and overlying water, leading to
further effects on the bioavailability of Hg to aquatic biota
(Liang et al. 2012).

MeHg is accumulated in aquatic biota and biomagnified
through aquatic food chains, so that consumption of Hg-
contaminated fish is the primary route of this toxin to reach
top-level predators including human beings (Mergler et al.
2007; Oken et al. 2005). It was reported that Hg concentration
in wild fish mainly depends on the trophic level with high
contents normally observed in carnivorous fish than herbivo-
rous ones (Mason et al. 1995a, 2000). High contents of MeHg
were observed in wild-fish muscle since it is accumulated
mainly under cysteine thiol complexes (Harris et al. 2003)
and is excreted slowly with a half-life time of approximately
400 days (Downs et al. 1998). Changes in the speciation, trans-
port, and bioaccumulation of Hg in fish aquaculture zones are
therefore extremely important and merit investigation.

The influence of fish aquaculture on changes in Hg speci-
ation has been studied in the estuaries (Liang et al. 2011), fish
ponds (Shao et al. 2011), and reservoirs (Meng et al. 2016).
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However, there is a lack of overall information concerning Hg
concentration, speciation change, transportation, and bioaccu-
mulation in overlying water, sediment, fish, and fish feed of
the aquaculture sites. Therefore, the objectives of this study
were to investigate the effects of aquaculture activities on the
following: (1) Hg speciation change in water, sediment, and
pore water; (2) Hg distribution between solid and liquid phase;
and (3) the accumulation characteristics of Hg in different
organs of aquaculture fish.

Materials and methods
Study areas

The sampling sites were located in Wujiangdu (WJD) reser-
voir, at the lower Wujiang River basin, Guizhou province,
south China (Fig. 1). The WID reservoir was built in 1979
and has a watershed of 27,790 km? and a volume of
23 x 10® m® water. It is located in the lower Wujiang river
basin. The average water residence time in the WJD is
53.0 days (Meng et al. 2010) and cage aquaculture activities
started in 1999.

Sampling procedures

All the overlying water samples were collected from a depth
of 0.5 m (surface layer), and depths of 15, 30, 45, and 70 m
(bottom layer, the inter-surface between sediment and water)
from the aquaculture sites (AS) and reference sites (RS), with-
out aquaculture activities. Four replicate sampling points were
selected from both AS and RS.

Overlying water samples were collected by using an acid-
purified water sampler (QC-15, Pulite, Beijing, China). Water
samples were transferred from the sampler into acid-cleaned
borosilicate glass bottles. These bottles had been rigorously
cleaned before use by immersion in 10% (v/v) HNO3, follow-
ed by rinsing with ultrapure deionized water (18.2 M) Milli-
Q) and heating for 1 h in a furnace at 500 °C; The samples
were then double-bagged and stored in a sealed box.

Filtered samples were collected on-site using a 0.45-pum
filter (Millipore) and subsequently analyzed for dissolved
Hg (DHg) and dissolved MeHg (DMeHg). Total Hg (THg)
and total MeHg (TMeHg) concentrations were analyzed in
each of the unfiltered samples.

Sediment core samples were collected by using customer
sediment sampler in each site. Core samples were divided into
1-cm increments for the top 20 cm and 2 cm below 20 cm.
Pore water was separated by centrifuging from sediment. Both
sediment and pore water samples for MeHg analysis were
kept in an anaerobic condition from sample collection by
using the anaerobic bag to sample separating on anaerobic
operation table.
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Fig. 1 Sampling sites in Wujiangdu reservoir. AS aquaculture site, RS reference site

Four replicates of cultured fish including catfish (CF)
(Silurus asotus), grass carp (GC) (Ctenopharyngodon idellus),
crucian carp (CRC) (Carassius auratus), common carp
(COC) (Cyprinus carpio), and Wuchang bream (WCB)
(Megalobrama amblycephala) were collected. All fish sam-
ples were dissected in the laboratory. In addition, two types of
fish feeds, trash fish, and feed pellet were also collected.

Sample analysis
Analysis of THg

THg and DHg in water samples were oxidized with BrCl, and
reduced by SnCl, as well as NH4OH-HCI. An aliquot of fish
samples (~ 0.2 g) was digested with 4 mL concentrated nitric
acid (65% Suprapur®, Merck) in a 25-ml glass vial at 95 °C
for 4 h, while sediment samples with 4 ml mix acid
(HCILHNO; = 3:1) at 95 °C for 2 h. After cooling, Milli-Q
water (18.2 ) was added to volume, and the solution was
filtered through 0.45-um filter paper. The digest solutions

were then oxidized with BrCl and reduced with SnCl, as well
as NH4,OH'HCI (Bloom and Fitzgerald 1988, USEPA 2002).
All samples for THg analysis were quantified using dual amal-
gamation cold-vapor atomic fluorescence spectroscopy
(CVAFS) (Brooks Rand, Seattle, USA). The difference in val-
ue between THg and DHg was represented as particulate Hg
(PHg).

Analysis of MeHg

A 45-mL aliquot of acidified water sample was distilled at
125 °C for 3 h. The distillate was adjusted to pH 4.9 with
2 M sodium acetate and ethylated by addition of 80 uL 1%
(V/V) NaB(C2H5)4

Approximately 1.0 g of dry sediment sample was accurate-
ly weighed into a clean 50-mL centrifuge tube. The 25%
HNO; solution (4 mL) and 1 mL of 1 M CuSQ, solution were
added to the sample and allowed to leach for 4 h. After
leaching, approximately 10 mL of dichloromethane was
added. The sample was intermittently shaken over the next
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hour and then centrifuged for 20 min at 3000 rpm to assist in
the separation of the aqueous layer from the organic layer. The
aqueous layer was removed by a vacuum air pump so that
only the organic layer was collected directly in a centrifuge
tube. Approximately 35 mL of Milli-Q water was added to the
bottle along with a bamboo skewer to prevent the dichloro-
methane from “bumping” during the back extraction. The
bottle was heated in a water bath at 45 °C for solvent evapo-
ration until no visible solvent was left. The temperature of the
water bath was increased to 75 °C, and the sample was purged
with nitrogen for 8 min to remove solvent residue. The vol-
ume of the sample was adjusted to 40 mL with double distilled
water (Liang et al. 1994).

About 0.1 g (dry and homogenous) of fish tissue samples
was placed into a 40-mL amber glass vial, with KOH metha-
nol solution (25%, 2.5 mL) added before capping the vial
tightly. The sample was digested in an oven at 65 °C for 3—
4 h. After digestion, the final volume was topped up to 40 mL
with methanol prior to analysis.

Concentrations of MeHg in all of samples were quantified
by using GC-CVAFS (Brooks Rand, Seattle, USA) following
distillation and aqueous phase ethylation (Liang et al. 1994;
USEPA 2001).Particulate MeHg (PMeHg) in water samples
was calculated as the difference between the concentrations of
TMeHg and DMeHg.

Determination of dissolved organic carbon and total
suspended solid

Dissolved organic carbon (DOC) was determined by TOC-
VCPH (Shimadzu, Japan). Total suspended solid (TSS) was
determined by filtering an aliquot of water (typically
1500 mL) through a pre-weighed polycarbonate membrane
filter with 0.45-pum pore size and 47 mm in diameter. The filter
was dried at 103—105 °C at 2 h and stored in the drying basin.
It was weighed after cool down to room temperature.

Diffusive flux of inorganic and MeHg from sediment pore
water

The diffusion fluxes of inorganic (IHg) and MeHg from sed-
iments pore water were estimated using Fick’s first law:

e (o) e

Where F'is the diffusive flux of IHg or MeHg at the sediment—
water interface, 6 is the tortuosity (dimensionless), and ¢ is the
sediment porosity. A relationship between tortuosity and po-
rosity has recently been proposed (Boudreau 1996) and will
be used for all flux calculations:

6 = 1-In(¢2) (2)
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Dw is the diffusion coefficient of the solute in the absence
of sediment. Dw values of IHg and MeHg were 9.5 x 10~° and
1.3 x 107 cm? s ' at 25 °C as previously described (Covelli
et al. 2008). Cw and Cpw are the concentrations of solute in
the overlying water and in pore water, respectively, and Ax is
the distance (cm) separating Cw and Cpw.

Temperature corrections that were made to the diffusion
coefficients at 25 °C were made when necessary using the
relationship (Lerman 1979):

Dri = Dr(1 + 0.048A¢) (3)

Where At is the temperature difference in degree centigrade.

Quality control of sample analysis

Field blanks, matrix spikes, certified reference materials
(CRMS) (CC580 for sediment and TORT-3 for fish), and
10% of duplicate samples were conducted for the quality con-
trol of THg and TMeHg determination. The method detection
limit was 0.10 pM for THg and 0.05 pM for TMeHg. Field
blanks of water samples were 2.10 pM for THg and 0.11 pM
for TMeHg. The relative standard deviations for duplicate
sample analyses were < 12.5% for MeHg and THg analyzing.
Recoveries for CRMS were within the acceptable ranges
(96.4-104% for THg and 93.1-99.4% for MeHg) In addition,
recoveries for matrix spikes in water samples ranged from
90.2 to 102% for TMeHg analysis, and from 96.8 to 103%
for THg analysis.

Data analyses

All statistical results were analyzed by SPSS 16.0 for
Windows. Differences in Hg concentrations in all sampling
sites were performed by one-way ANOVA (S-N-K test). Prior
to one-way ANOVA, the data was log-transformed to obtain
equal variance.

Results

Variation change of Hg species, DOC, and SS in overlying
water bodies

Table 1 shows the concentrations of THg, DHg, and PHg in
different layers of overlying water from AS to RS in WJD
reservoir. THg concentrations in overlying water collected
from AS and RS were 36.4 + 89.7 and 29.0 £+ 55.2 pM, re-
spectively, without significant difference (p > 0.05,
F = 0.079). Comparing different layers, the THg concentra-
tions in the surface and bottom layers were significantly
higher (p < 0.01, F = 3.75) than those in the other three
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intermediate layers (15, 30, and 45 m). There were also no
significant differences in DHg (p > 0.05, F = 0.194) or PHg
(p >0.05, F=0.120) between AS and RS for all of samples.
However, it was noted that DHg concentrations in the surface
and bottom layer of AS were significantly higher (p < 0.05,
F =4.01) than those in RS.

Table 2 shows the concentrations of TMeHg, DMeHg, and
PMeHg in different layers of overlying water. TMeHg con-
centrations in overlying water collected from AS and RS were
0.30 + 0.28 and 0.52 + 0.82 pM, respectively, without signif-
icant differences. However, TMeHg concentrations in the bot-
tom layers of AS (0.87 + 1.02 pM) were significantly lower
(p < 0.05, F = 4.08) than those in RS (2.11 £ 0.21 pM). In
terms of vertical distribution, TMeHg concentrations in the
bottom layer were significantly higher (p < 0.01, F = 48.7)
than those in the other layers.

Table 3 shows the results of DOC and total SS at different
depths. No significant differences were found between AS and
RS in either DOC or SS. Again, SS in the bottom layer was
significantly higher than in the other four depths.

Hg concentration in sediment core and pore water
of sediment

Figure 2 shows THg and TMeHg concentrations in sediment
cores and the DHg and DMeHg concentrations in sediment
pore water. No significant difference (p > 0.05, F = 1.264) was
found between THg at RS (296 + 104 ng g ') and THg at AS
(274 + 132 ng g ). High concentrations of THg were ob-
served in the top 3 cm at AS, and samples from 15 to 17-cm
depth had relatively higher THg at RS. MeHg in sediment
decreased from the top to the bottom subsequently. THg con-
centrations at RS from 10 to 20 cm were higher than those at
AS.

In the liquid phase, DHg concentrations both in AS and RS
decreased gradually from the surface to 5 cm in depth. No
significant difference of DHg concentration was observed be-
tween AS (11.4+4.66 pM) and RS (11.4 +£2.18 pM). DMeHg
concentrations for AS and RS were 1.27 £+ 2.60 and
0.77 £ 1.07 pM, respectively. Although there was no signifi-
cant difference for DMeHg in pore water between AS and RS
for the whole sediment core, DMeHg in the top 5 cm of AS
was obviously higher than that of RS (Fig. 2). Relatively
higher DMeHg concentration was noted on the surface layer
of pore water, especially for AS, which was consistent with
the distribution of MeHg in sediment profiles. DMeHg con-
centrations in pore water were generally higher than those in
interface water, implying that the sediment was an important
source of MeHg to water column. Moreover, the vertical dis-
tribution pattern of the DHg was as same with DMeHg in pore
water, indicating that positive correlation between DHg and
DMeHg.

Hg concentration in fish organs and fish feeds

Figure 3 shows the THg, MeHg, and IHg concentrations in
different organs from five species of aquaculture fish. THg
and IHg in the liver were significantly higher (THg:
p <0.001, F=9.98; [Hg: p < 0.001, F = 13.1) than those in
the other organs. In contrast, MeHg concentration in the mus-
cle was significantly higher (p < 0.01, F' = 4.83) than that in
the other organs.

The diets for cultured fish in WJID is commonly comprised
of trash fish and feed pellets. THg levels in trash fish and feed
pellets were 47.9 + 3.96 and 25.0 + 7.45 ng g ', respectively.
MeHg levels in trash fish and feed pellets were 38.2 + 1.88
and 7.44 + 1.00 ng g ', respectively.

Discussion

Aquaculture activities increasing THg loading
in the aquatic environment

The environmental impact of intensive cage aquaculture re-
sults mainly from the accumulation of organic waste generat-
ed from fish excretion and the food supply (unconsumed
feed). THg concentrations in fish feed reached 34.2 ng g’
in WID reservoir. The annual average fish feeds used for cage
aquaculture is about 9409 t (Sun et al. 2005). Approximately
40% of fish feed is not consumed and is deposited into the
sediment (HKAFCD 2009). The fish aquaculture area in WJD
is 131,600 m> (Luo et al. 2011). Based on this estimation, the
THg loadings from the unconsumed fish feeds in the top sur-
face sediment (1 cm) in WJD were about 69.8 ng g ' annually.
However, no significant differences were observed in THg
concentrations in the surface sediment between AS and RS.
This might be attributable to the large inputs of Hg from other
sources in WJD reservoir. Feng et al. (2009b) calculated that
the amount of Hg inputted into WJD reservoir of the following
amounts: river and the other reservoir catchment (134,679 g),
ground water (17,869 g), direct runoff (8517 g), and precipi-
tation (5845 g). Thus, the input of Hg, especially from the
river and the other catchment contributed more than the aqua-
culture activities in WJD.

However, THg and DHg concentrations in the surface layer
of overlying water of AS were higher than those of RS
(Table 1). These results indicate that aquaculture activities
resulted in Hg contamination of the aquatic environment at
AS in the surface layers. Higher THg and DHg concentrations
in the surface layer of AS than RS might be attributable to
discharges of domestic sewage by the fish farmer on the aqua-
culture raft. Domestic wastewater from kitchens and toilets
were discharged directly into the water bodies since fish
farmers live on the raft. Consequently, the THg and DHg
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Fig. 2 a, b The distribution of THg and MeHg in sediment and pore water

concentrations in the surface layer of AS were higher than
those of RS.

Aquaculture activities promoted MeHg formation
and transportation in benthic environment

Formation of MeHg is affected by parameters such as sulfate
reducing bacteria, sulfide concentration, OM content, and
DHg concentration in pore water (Ullrich et al. 2001).
Deposition of fish excreta and fish feed in the benthic envi-
ronment results in the accumulation of OM at AS (Liang et al.
2011, 2016). The degradation of OM causes progressively
more anoxic conditions at the sediment/water interface, which

Fig. 3 Methylmercury (MeHg) 1000
and inorganic mercury (IHg)
concentration in fish. MeHg
shows in blue while IHg shows in
red. CF catfish, GC grass carp, 800+
GRC crucian carp, COC common
carp, WCB: wuchang bream %
E=tiver;[__]muscle; g 500
gills; [ERY fish roe; skin; £
. ) s
swim bladder; scale %
2
S 400-
0
as)
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may lead to the mobilization and potential methylation of
Hg2+ (Cossa and Gobeil 2000). Therefore, the observed in-
crease in MeHg production in AS may be generally attribut-
able to the degradation of OM from unconsumed fish feed and
fish excretion. In addition, direct abiotic methylation by humic
and fulvic acids is also generally considered to be a factor
affecting MeHg production (Khwaja et al. 2006; Yin et al.
2013). Humic acid concentrations from AS are a benefit for
MeHg formation in sediment (Zhao 2016). Thus, the humic or
fulvic acids derived from organic wastes at AS may also con-
tribute to the abiotic methylation of Hg. These results were
consistent with our previous finding that high primary produc-
tivity in the reservoir produced elevated OM content that
would favor the MeHg production in the sediment (Feng

GC CRC CcoC WCB
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Fig.4 The profiles of %MeHg in %MeHg
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et al. 2009a; Liang et al. 2016). Moreover, the percentage of
DMeHg to DHg (%MeHg) in sediment pore water followed a
similar trend to the OM contents of the sediment (Fig. 4). The
values of both %MeHg and OM in the top 4 cm of AS were
clearly higher than those of RS. Their results indicate that the
accumulation of OM due to aquaculture activities promoted
MeHg production in the top layer of sediment pore water.

High concentration of MeHg in AS also promotes the
transportation of MeHg from pore water to overlying water
as the diffusion fluxes of MeHg in AS was higher than those in
RS (Table 4). Therefore, the accumulation of OM from aqua-
culture activities promotes the MeHg formation and transpor-
tation of MeHg from sediment to overlying water.

Accumulation of Hg in aquaculture fish

It is well known that Hg, and especially MeHg, accumulates in
aquatic organisms from their food resources (i.e., tropic trans-
fer) (Mason et al. 1995b). In addition, Hg accumulates in some
organs and tissues, e.g., through gills and scales mainly from
the water bodies. The liver is a detoxification and storage
organ and is able to accumulate large quantities of pollutants,
such as, Hg, through active involvement in pollutants metab-
olism (Gonzalez et al. 2005). Relatively low MeHg concen-
trations and %MeHg were found in liver samples in this study
(9.41 £ 16.1% across all samples), and this might be related to
detoxification processes that demethylate MeHg to IHg in the
liver (Eagles-Smith et al. 2009).

The present results show that the %MeHg in the muscle of
all the aquaculture fish samples averaged 54.7 + 22.3%.
MeHg accumulates in the muscle mainly in cysteine thiol
complexes (Harris et al. 2003) and is excreted slowly with a

5 10 15 20 25 30

orgnanic matter contents (%)

half-life of approximately 400 days (Downs et al. 1998). Thus,
MeHg is the predominant species of Hg in fish muscle.
However, this ratio was lower than in other studies about the
ratio of MeHg to THg in fish muscle, generally ranging from
80 to 95% (Bloom 1992). This is not surprising considering
they are cultured fish with relatively high growth rates. A
rapid increase in weight might predispose aquaculture fish to
biological accumulation of Hg.

The gills are considered to be the main entry point for
Hg(II) present in the aqueous phase as they possess a wide
surface area and are in continuous contact with the external
medium (Mieiro et al. 2009). The present data show that the
fish gills contained relatively high concentrations of IHg com-
pared with MeHg, and this may be attributed to the majority of
the Hg in the water existing as IHg (Klinck et al. 2005), as well
as the fact that gills function as organs of toxicant excretion.

In all species of fish, the skin and scales have relatively low
concentrations of both THg and MeHg, indicating that Hg
cannot accumulate in these organs.

Conclusions

Aquaculture activities in the WID reservoir resulted in load-
ings of THg from lost fish feed about 69.8 ng g annually in
the top 1 cm of sediment. The accumulation of OM from
unconsumed fish feeds and fish excretion in AS favored
MeHg formation and MeHg transportation from sediment to
overlying water. Higher contents of IHg than MeHg in aqua-
culture fish samples were observed which were likely due to
the relatively high growth rates of the aquaculture fish species.
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Appendix
Table1 THg, DHg, and PHg concentrations (ng-Lfl) in overlying water from aquaculture sites (AS) and reference sites (RS) located in Wujiangdu
reservoir
Depth (m) THg DHg PHg

AS + RS AS RS AS + RS AS RS AS + RS AS RS
0.5 2354294 277+363 179+23.1 187+242 22.14+30.7 141+176 480+526 556+576 3.78+5.48
15 133+038 127+024 141+058 0.89+021 097+0.18 0.78+023 044+039 030+027 0.63+044
30 1.03+026 097+025 1.13+029 0.82+0.13 0.77+0.16 0.89+0.03 021+0.19 0.19+0.12 023+0.21
45 096+0.16 087+0.16 1.07+0.08 0.74+020 0.64+0.08 086+026 022+0.19 027+027 021+0.18
70 (bottom)  6.51+3.18 5.75+421 7.52+1.03 182+242 256+3.14 082+0.10 4.68+3.80 3.18+4.58 6.68+1.12
All 6.65+152 728+18.0 580+11.1 4.58+125 541+149 351+864 206+3.52 1.89+3.66 230+3.40

Table2 TMeHg, DMeHg, and PMeHg concentrations (ng'L™") in overlying water from aquaculture sites (AS) and reference sites (RS) located in

Wujiangdu reservoir

Depth (m) TMeHg DMeHg PMeHg
AS +RS AS RS AS +RS AS RS AS +RS AS RS

0.5 0.043 £0.024 0.055+0.024 0.026 +£0.013 0.029 +0.018 0.037 £ 0.020 0.020 +£0.011 0.013+0.013 0.019 £0.016 0.007 = 0.002
15 0.022 +£0.005 0.023 +£0.002 0.019+0.007 0.016 +0.004 0.015+0.003 0.018 +0.006 0.008 +0.004 0.008 +0.004 0.007 + 0.008
30 0.022 £ 0.004 0.020 £0.002 0.024 +0.003 0.013 £ 0.006 0.012 +0.009 0.015+0.001 0.019 +0.008 0.008 +0.005 0.010 £ 0.003
45 0.031 £0.009 0.032 +0.006 0.029+0.013 0.021 +£0.010 0.023 £0.011 0.016 £0.006 0.013 +0.012 0.009 + 0.007 0.018 +0.014
70 (bottom) 0.281 £0.198 0.175 +0.205 0.423 £0.041 0.063 £0.039 0.059 £ 0.054 0.069 +0.001 0.218 £0.202 0.116 +£0.219 0.354 £ 0.040
All 0.086 +£0.143 0.061 +£0.101 0.104 £0.165 0.032 +0.022 0.029 +£0.030 0.029 +0.023 0.058 £0.122 0.032+0.98 0.079 +0.143

Table 3  Dissolved organic carbon and total suspended particles at
different depths of aquaculture sites (AS) and reference sites (RS)

Table 4 Estimated diffusion fluxes of inorganic Hg and MeHg in
aquaculture site (AS) and reference site (RS) of Wujiangdu (WD) reser-
voir in different seasons (in ng'm >-day ')

Depth (m) ~ DOC (mgL™) SS (mg'L ™)

AS RS AS RS
0.5 783148 599+£122 590+1.71 520+223
15 487+207 395+0.69 1.50+£082 253+1.16
30 500083 351+£1.07 235+083 2.53+201
45 447+151 415+038 210+£140 193+1.10
70 (bottom)  5.54+1.38 4.61+0.68 88.7+450 40.1+27.2

IHg MeHg
AS 262 +10.9 15.3+£545
RS 201 +55.7 6.84 £1.53
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