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ABSTRACT

Our paper presents the results of a study on the concentrations of total (Hg, ), organic (CH,Hg")
and inorganic (Hg, ) mercury in freshwater fish from the Vistula Lagoon, coastal waters of the
Baltic Sea. Mercury assays were performed on tissues (muscle, skin, gills) and internal organs
(heart, spleen, liver, gastrointestinal tract, gonads) of pikeperch, common roach, and common
bream. The distributions of Hg,_ , CH,Hg*, and Hginorg depending on fish species, tissue, or organ
and bioaccumulation in tissues and biomagnification in the trophic chain were determined.
Interspecific and intraspecific differences in mercury concentrations occurred in fish tissues and
organs. Muscles of pikeperch, bream and roach accumulated the highest concentration of
CH,Hg", Hginorg dominating in the gastrointestinal tract of bream and roach. The concentration
gradations of Hg, and CH ,Hg* depending on fish species were as follows: pikeperch > common
roach > common bream. For Hgimrg, the gradations were as follows: common bream > common
roach > pikeperch. The type of food was a determining criterion for the distribution of mercury
forms in the tissues and organs of the fish studied, and quantifiable confirmation of this was
the different values of the L:M coefficient (Hgimrg in the hepatic tissue : CH,Hg* in muscle).
Differences in Hg, . CH Hg', and Hg, _concentrations in fish tissues and organs were linked
with the food the fish consume, their position in the trophic chain and biomagnification in the
food chain.
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INTRODUCTION

In aquatic environments mercury occurs mainly in inorganic compounds,
which through methylation are transformed into the organic form of mercu-
ry, methylmercury (CH,Hg*). (CH,Hg"). The distribution and flow of CH,Hg*
from the environment to the trophic chain is regulated by biogeochemical
and physical ecological processes. Concentrations of mercury forms vary
widely spatially in aquatic basins, and their distribution results from various
factors facilitating methylation. The organic form of mercury, CH,Hg*, is a
strong neurotoxin (SORENSEN et al. 1999), and in fish it can make up as much
as 95% of the content of Hg, (BLoom 1992, BANK et al. 2007, SUNDERLAND
2007). Considering the consequences that mercury has on human health, fish
condition and environmental contamination, it is important to determine the
concentration and distribution of its compounds in the tissues and organs of
fish from different aquatic basins. Many articles in the literature address the
Hg, ., content in fish, while fewer data are available on CH,Hg" concentra-
tions, and those that are available mainly refer to the CH,Hg" content
of muscle tissues, because this parameter is used to assess risks to fish con-
sumers’ health (Harris et al. 2003, AMLUND et al. 2007, Lanc et al. 2017).
Very limited information is available on the Hg , and CH,Hg* content
in other fish tissues or organs, and very few studies have reported on diffe-
rences in the distribution of these compounds among fish tissues and organs
(OnsaniT et al. 2010, Visngic-JEFTIC et al. 2010, LuczyNska et al 2018). There
are no data available on CH ,Hg" levels in the tissues and organs of fish from
Polish basins (the Baltic Sea, the Vistula Lagoon) or on levels of this element
depending on species, tissues, organs, trophic chain position, food base, or
region. A few studies have undertaken to explain the biotransfer and bioma-
gnification of Hg,  , and CH,Hg" in marine and freshwater ecosystems
(BowLes et al. 2001, KEHRING et al. 2001, BAEYENS et al. 2003, CHEN et al.
2008, 2009). HamMmERscHMIDT and FitzaERALD (2006) indicate that the concen-
tration of CH,Hg" in fish depends on their food base, the depths they inhabit
in shallow and deep coastal waters, and their habitats. In 2016 and 2017,
studies were undertaken to examine the organic and inorganic forms of mer-
cury in tissues and organs of freshwater fish. Three fish species inhabiting
the Vistula Lagoon and occupying different positions in the trophic chain
were studied. The aim of the study was to determine the distribution
of Hg .., CHHg*, and Hgiwg in fish tissues and organs of pikeperch
(Stizostedion lucioperca L.), bream (Aramis brama L.) and roach (Rutilus
rutilus L.) intraspecific and interspecific differences in the concentrations of
mercury forms, bioaccumulation in tissues, and biomagnification in the tro-
phic chain.
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MATERIALS AND METHODS

Study sampling

The study material comprised fish caught in the Vistula Lagoon in 2015-
-2016. Specimens of three species (pikeperch, common bream, and common
roach) of various ages (various lengths) were collected (Table 1). Assays were

Table 1
Biometric data of three fish species captured in the Vistula Lagoon
. Length (cm) Weight (g)
Species N 2+ SD (range) x = SD (range)
50 + 7.8 1506 + 386
Pikeperch (Stizostedion lucioperca) 14
(31 -57) (245 — 1710)
47.4 £ 10.7 1194 + 749
Bream (Aramis brama) 10
(34 -172) (606 — 3100)
26.1 £ 5.7 272.4 £ 170
Roach (Rutilus rutilus) 10
(23 — 32) (35.4 — 448)

performed on single specimens. Samples of muscle tissues, skin, gills, and
internal organs (liver, heart, spleen, digestive tract, and gonads) were collect-
ed from each specimen. The muscle samples were homogenized, but the or-
gans were analyzed in their entirety.

Analysis of total mercury concentration

Total mercury content was assayed with the cold vapour atomic absorp-
tion method in an AMA 254 mercury analyzer. The analyses were conducted
according to the following procedure. Tissue samples of about 100 mg were
placed in the combustion chamber of the analyzer, where they were dried
and then burned in oxygen atmosphere at a temperature of 600°C. The mea-
surements were conducted according to the following procedures: fish muscle
tissue — drying time 70 s, decomposition time 120 s, waiting time 50 s; fish
liver tissue — drying time 100 s, decomposition time 160 s, waiting time 60 s.
Each series of analyses was preceded by measurements of mercury in refe-
rence materials of a similar matrix.

Analysis of organic form of mercury concentration

The content of the organic form of mercury was determined according to
the method described by Macai et al. (2009), and ToNG et al. (2012). In brief,
the procedure was as follows: from 1 to 2.0 g of homogenized fish tissue was
weighed out and placed in 50 ml test tubes for centrifugation; 5 ml of hydro-
chloric acid (18% v/v) and 5 ml toluene were added; the test tubes were
placed in an ultrasound water bath for 30 min; then the test tubes were
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centrifuged for 30 min at 3500 rev min!. The toluene layer was moved to
10 ml test tubes, while 5 ml of toluene was added to the remaining solution
in the test tubes, which were again placed in an ultrasound bath for 30 min,
after which they were centrifuged again, as described above. After centrifu-
gation, the upper layer of toluene was separated and added to the previously
separated toluene, and 1 ml of cysteine hydrochloride solution (1% cysteine
hydrochloride solution in a 20% sodium citrate solution) was added to the
combined toluene layers, and this was placed in an ultrasound bath for
30 min, and then centrifuged again, as described above. Before measure-
ments, the upper layer of toluene was removed with a syringe. The content
of CH,Hg* was measured in samples with an AMA 254 mercury analyzer.

Measurement quality control

The accuracy of the chemical analyses was verified using reference
material before every measurement series. The following materials were
used for Hg,  : TORT-2 Lobster Hepatopancreas (National Research Council
of Canada) at a concentration of Hg, 0.27 + 0.06 mg kg’ and BCR-422 cod
muscle (Joint Research Centre Institute for Materials and Measurements,
Geel, Belgium) with a concentration of Hg,__ of 0.559 + 0.016 mg kg
The following reference material was used for measurements of CH,Hg*"
TORT-2 Lobster Hepatopancreas with a concentration of CH,Hg*
0.152 + 0.013 mg kg' and BCR-463 tuna fish (Joint Research Centre Insti-
tute for Materials and Measurements, Geel, Belgium) with a concentration
of CH,Hg" 3.04 £ 0.16 mg kg'. The recovery ranges were from 90 to 110%.
During validation, the limit of detection (MDLs) for Hg,  , was 0.5 pg kg
and for CH,Hg* it was 5 pg kg'. All samples were analyzed in duplicate.
The results presented are arithmetic means with a standard deviation of less
than 10%.

Calculations of the L:M coefficient

The L:M coefficient was the quantifiable index that reflected inorganic
mercury bioaccumulation and organic mercury biomagnification in fishes
depending on their foraging strategies. The L:M coefficient refers to the ratio
of Hginorg concentrations in the liver to CH3Hg+ concentrations in muscles.
The lLiver:muscle ratio (L:M) was calculated considering the predominance
of the Hgmrg form (Hg, = Hg, ., — CH,Hg") in the hepatic tissue and of
CH,Hg" in muscle (CizpzieL et al. 2003).

Statistical analysis

Statistica 8.0 software was used to perform descriptive statistics and
regression analysis for all data. The mercury and methylmercury concentra-
tions were tested for normality (Shapiro-Wilk test). The statistically signifi-
cant differences in concentrations of Hg, , CH,Hg*, and the percent CH,Hg*
were established using parametric (ANOVA) or non-parametric (KRUSKAL
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WaLLIS) tests. Relationships between Hg, and CH,Hg" concentrations in the
tissues and organs fish (nonparametric data) were tested using the Spear-
man’s rank correlation test. Analysis of differences in concentrations Hg,
CH,Hg" and Hg, . between the different specimens from the ecological
groups of fish (such as carnivorous, omnivorous, and herbivorous ones) were
analyzed statistically with one-way ANOVA and the Tukey’s post-hoc test.
All null hypotheses were tested at the significance level of p<0.05

RESULTS AND DISCUSSION

Intraspecific differences in Hg, ,_, CH,Hg*, and Hgmmr
concentrations in tissues and organs of fish from the Vlstula Lagoon,
bioaccumulation

The study results indicated that there were significant differences in mer-
cury concentrations depending on fish species, tissues, and organs (Table 2).
Pikeperch tissues contained the highest content Hg, » and high concentra-
tions of it were detected in the muscle and liver of specimens of this species.
The highest content mercury in roach and bream was also found in muscle,
liver, and gastrointestinal tract. The Hg, concentration gradation in pike-
perch tissues and organs differed from those in the concentration tendencies
in bream and roach. Generally, Hg,  , dominated in the muscle of all three
species, followed by concentrations in the pikeperch’s liver. However,
the high levels of Hg,  , in the gastrointestinal tract of roach and bream
accompanied by low levels of CH,Hg" in this organ should be underscored.
The intraspecific concentration gradations for Hg,  in fish tissues and
organs fish were as follows:

- pikeperch — muscle > liver > spleen > heart > gastrointestinal tract >

gonads > gills;

- common bream — muscle > gastrointestinal tract > liver > kidney >

heart > spleen > gonads > skin > gills > scales;

- common roach — muscle > gastrointestinal tract > liver > skin > heart

> kidney > gills > spleen > gonads > scales.

Similarly to those of Hg, , the concentrations of CH,Hg" in the tissues
and organs of fish from the Vistula Lagoon were varied (Table 3). Muscles
contained the highest content CH,Hg*, followed by concentrations of this
element in the internal organs, gills, and skin.

The intraspecific concentration gradations for CH,Hg" in fish tissues and
organs were as follows:

- pikeperch — muscle > liver > spleen > gonads > heart > gastrointestinal

tract > gills;

- common bream — muscle > liver > kidney, heart > gastrointestinal tract

> gpleen, gonads >
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skin, gills > scales;

- common roach — muscle > liver > heart > gastrointestinal tract > gills
> gpleen > kidney >

gonads > skin > scales.

High CH,Hg" levels in fish muscles result from the affinity of this ele-
ment to thiol groups in protein amino acids, such as cysteine (RUELAS-INZUNZA
et al. 2003). Additionally, CH,Hg" is highly bioavailable, which means that
fish almost completely assimilated it. CH,Hg" concentrations in internal
organs of fish (liver, spleen, heart) were lower than those in muscles. This
was because of the demethylation of organic mercury into inorganic com-
pounds that occurred in internal organs. The CH ,Hg" in pikeperch muscle
comprised from 74.8 to 97.1% Hg, . while in the liver its share ranged from
60.4 to 97.2% (Table 4). The share of this element in the heart, spleen, and
gonads was also high at 75 to 99% Hg, . Such high CH ,Hg" content resulted
from its transport through the trophic chain. Pikeperch is a predator situa-
ted at the highest position in the trophic chain. The share of organic mercury
in pikeperch gills was also high and ranged from 75 to 99.5% of Hg, .
The CH,Hg" contained in the fish gills came directly from the environment
and was assimilated from water. Lower levels of organic mercury compounds
occurred in roach and bream tissues and organs, but they were still varied.
The share of CH,Hg* in the muscle of these fishes comprised about 80%
of Hg, ..., while in the liver it was 63% of Hg, , and in the heart, spleen, and
gonads it was up to 95% of Hg, ., (Table 4).

Mercury also occurs in aquatic environments as inorganic compounds
(Hginorg)'

Table 5 presents the Hginorg content in fish tissues that was calculated as
the difference between Hg, and CH,Hg". The concentrations of inorganic
mercury forms differed from those of organic forms depending on the fish
species and tissues. Pikeperch tissues contained the lowest levels of Hgmmg.
Inorganic mercury compounds in the organs of these fishes (liver, heart,
spleen, gastrointestinal tract, and gonads) comprised approximately 20%
of Hg, .. The Hginorg content in organs stems from bioaccumulation and the
demethylation of organic mercury to inorganic forms (ZHANG et al. 2001).
Low levels of Hginorg in pikeperch organs indicated that they accumulated
it in small amounts and that the demethylation of CH,Hg" to Hginmrg was not
effective.

Fish accumulate inorganic mercury directly from the environment
through the gills. The mean Hg, content in pikeperch gills was 7.3%
of Hgtotal (Table 4). This indicated that pikeperch only assimilated Hglnorg from

water in the environment only to a slight degree, which was in contrast
to bream and roach (41.8 and 24% of Hg, ).

The Hginorg concentration gradations also differed in the other fish tissues
and organs. Muscles contained the least Hgiwg (approximately 20% of Hg, ),

but this form of mercury was noted in high levels in the gastrointestinal
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Table 4

Per cent CH_Hg* and Hgi“nrg values in tissues and organs of pikeperch, bream and roach

(% of THg)

Pikeperch Bream Roach
Tissue/organ
CH,He' HE CH,He HE, CH,Hg" Sinons
Musel 85.7+7.7 | 144+76 | 79377 | 22.7+£9.2 | 80.0=8.7 | 20.0+ 8.7
uscie 74.8-97.1 | 3.1-30.8 73-91.7 8.3-38.9 792.3-94 5.8-27.7
Liver 81.0+11.9 19.0+ 8 50.4+12.6|49.6+12.1|63.5+11.4 37+ 13
60.4-97.2 2.8-43 24.3-66.9 33-76 52.1-74.9 25-52
Spleen 86.1 + 8.0 21.1 + 22 63.2 + 17 36.8+ 17 95.9+ 4.7 41+1.0
p 74.7-97 10-47.4 45-95.2 4.8-55.1 | 89.2-97.3 | 3.2:5.0
Hoard 86.3+7.6 | 20018 | 68.7+22 | 33.0+22 |67.2+14.4| 87+26
75.1-99.5 | 10.5-63.8 | 41-93.2 6.8-67.8 | 60.2-86.7 | 1.2-11.8
Dicostive track | 820+ 74 [ 180£74 | 20£6.9 | 80.0+69 | 49+20 | 50.9 20
g 71.5-93.9 | 6.1-285 15-30 70-85.2 31-77 22.8-69
Kidne 40.4+52 | 59.6+53 | 55.7+18 | 31.0=3.2
y 37.1-7.5 | 52.2-62.9 | 29.6-65 | 27.4-35.1
Gonads 81.0+12.4| 13.1+£25 [38.2+£23.8|60.7+23.4| 53+355 | 47+ 355
54.4-99.5 | 0.5-9.6 25.8-87 | 13.4.74.2 | 17.5-88.4 | 11.6-82.5
Gills 91.4+91 | 7.3+67 | 56.7+13 | 41.8+12 | 70.3 =11 |24.0+17.3
75-99.5 10-25.3 31-79.2 20.8-69 53-86.2 19-46.1
Skin 66.1+59 |33.9+11.2| 81+30 | 91.9+3
56.4-73.3 | 19.6-42.2 | 5.1-12.2 88-95
Seal 83.4+14 | 683+14 | 45.3+13 | 54.7+13
cales 57.0-100 0-42.1 26-56.2 43.8-73

tracts of bream and roach (approximately 80 and 51% of Hg, ), which indi-
cated that this form was taken up with food, and then accumulated in the
internal organs. Thus, the Hginorg in the liver of bream and roach comprised
49.6 and 37% of Hg, , in the kidney it was 59.6 and 31% of Hg, , and in
the gonads it was 60.7 and 47% of Hg,  , (Table 5). These values confirmed
the bioaccumulation of this form of mercury and indicated the intense d
emethylation process occurring in internal organs. The results of the study
indicated three sources of Hginorg in fishes: 1) directly from the environment
from water and sediments as confirmed by high Hginorg shares in gills and
skin; 2) from food (high contents in the gastrointestinal tract); 3) through the
demethylation of mercury from organic to inorganic forms (Hginmrg content in
internal organs of fish).

The intraspecific Hg.  concentration gradation in tissues and organs
. inorg X
varied and depended on fish species, as follows:
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pikeperch — muscle > liver > spleen > heart > gastrointestinal tract >
gonads > gills;

common bream — gastrointestinal tract > liver > kidney > muscle >
spleen > heart > gonads > gills > skin > scales;

common roach — skin > gastrointestinal tract > muscle > liver > kidney
> gonads > gills > scales > heart.

Interspecific differences in Hg, , CH,Hg*, and Hg,
concentrations in tissues and organs of fishes from the Vistula Lagoon
and biomagnification in the trophic chain

All mercury forms bioaccumulate, but CH ,Hg" also biomagnifies in
aquatic food chains to varying degrees. Blomagnlﬁcatlon 1s defined as gradu-
ally increasing concentrations of this metal along the trophic food chain from
lower trophic levels (prey) to the highest levels (predator). Biomagnification
along the trophic chain is the primary route of mercury accumulation in
aquatic organisms and it is associated with the life strategies of fishes
and the tropic position from which their food comes (TURNER, Swick 1983,
Barwick, MAHER 2003). Mercury assays in fish species from different trophic
positions can provide information about bioaccumulation and biomagnifica-
tion, which can occur even when the species examined do not feed directly on
each other. (KEHRING et al. 2009, 2010, Fu et al. 2010).

Studies of Hg, , CH ,Hg", and Hginorg concentrations were performed on
fish species (pikeperch, roach, and bream) from different positions in the
trophic chain and with different foraging strategies. The type of food con-
sumed greatly influenced the amount of mercury assimilated by fish organ-
isms, because there is a marked difference among the concentrations of this
element in microplankton, mesozooplankton, and fish.

The results of the study indicated that pikeperch tissues contained the
highest concentration Hg,  , and CH,Hg". Organic mercury dominated in
muscle and liver at 85.7 and 81% of Hg,  (Table 4), and it also occurred
in internal organs at high levels (80% of Hg, ). The high CH ,Hg" concentra-
tions in the pikeperch’s gastrointestinal tract indicated that it had been
ingested with food. Pikeperch are predators that feed primarily on small
fishes. Whole small fishes were found in the gastrointestinal tracts of most
of the pikeperch examined, and they were the source of CH,Hg*. Previous
studies report high CH,Hg* concentrations in fish muscle (PoLAK-JUszczaK
2017). There is a significant difference between the concentrations of organic
mercury in fishes, microplankton, and mesozooplankton (KwaASNIAK, FALKOWSKA
2012). Increased concentrations of organic mercury in fish muscle tissues
occurred along with increasing shares of animal food in the diet, while
increased concentrations of inorganic mercury were noted with the higher
consumption of food from lower trophic levels.

Common bream and common roach feed on organisms from lower posi-
tions in the trophic chain. Bream are typical benthivores that feed on ani-
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mals inhabiting the bottom sediments, and they can suck prey out of the
mud, while juveniles feed on zooplankton. Roach consume both vegetable and
animal food, and they switch between these types of food several times.
Roach fry feed on planktonic crustaceans, and older specimens feed on ben-
thic foods, including crustaceans, smaller larval insects, algae, and other
plants. At lengths of approximately 20 cm they begin to feed on molluscs,
mainly zebra mussel. Significant differences were confirmed in CH,Hg" and
8inorg concentrations in the gastrointestinal tracts of pikeperch, roach,
and bream (Table 4). Concentrations of CH,Hg" in the pikeperch’s gastroin-
testinal tract were significantly higher than those in bream and roach.

However, an opposite trend was noted in Hg, . concentrations. The inor-
ganic form of mercury dominated in bream and roach gastrointestinal tracts,
while significantly less was noted in pikeperch stomachs. The high CH ,Hg*
content in pikeperch gastrointestinal tracts and the high Hg, .. content n
roach and bream stomachs were linked with feed, which included organisms
from different positions in the trophic chain (fishes, phytoplankton, and zoo-
plankton). As anticipated, specimens of piscivorous species (pikeperch) had
higher CH,Hg" levels, while fish that consumed phytoplankton and zooplank-
ton (roach) had higher Hg, . levels. Bream tends to inhabit the bottom
layers of water and feeds by digging through sediment in search of food. Con-
sequently, bream may have prolonged time of contact with sediment, resul-
ting in high accumulation of Hg in the forms of Hg (II). Consequently, both
Hg-contained water and sediment could be potential exposure sources
to freshwater bream species (CHENG et al. 2016). Similar observations were
described by LiuczyNska et al. (2016) and Li et al. (2009). The foraging envi-
ronment impacts mercury concentrations in fish tissues. The first organ
exposed to mercury suspended in the water and sediments are the gills.
Pikeperch gills contained 20.2 pg CH ,Hg" kg!, which comprised 91% of Hg,_ ,
(Tables 3, 4). The content and share of CH,Hg" in Hg, , were significantly
lower in the gills of bream and roach at 56.7 and 70.3% (Table 4). The oppo-
site was true of Hg, _ concentrations. The inorganic mercury in the gills
of bream and roach was 41.8 and 24% of Hg,_ , while in those of pikeperch
it was 7.3% (Table 4).

Concentrations of mercury forms in the freshwater fish species examined
varied depending on the species: Hg, — pikeperch > common roach > common
bream; CH,Hg* — pikeperch > common roach > common bream; Hg, ., — common
bream > common roach > pikeperch.

The values of the L:M coefficient varied depending on species and its
position in the trophic chain. The highest values were calculated for bream
at a mean of 0.577 within a range of 0.297 - 1.016 (Table 6).

Significantly lower values of this coefficient were noted in roach at 0.222
(within a range of 0.124 - 0.319), and the lowest were for pikeperch at 0.107
(within a range of 0.007 to 0.291). The value of the L:M coefficient was
linked with the fish’s food and indirectly with the trophic chain. High values
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Table 6
Values of the L:M coefficient for pikeperch, bream and roach
. L:M L:M
Species
average range
Pikeperch 0.107 0.007-0.291
Bream 0.577 0.297-1.016
Roach 0.222 0.124-0.319

of the Li:M coefficient indicated increased concentrations of Hgimg in the liver.
In the current study, the highest values of the L:M coefficient were deter-
mined in bream (0.297 - 1.016). Bream is typically benthophagous, and
it feeds on organisms inhabiting the bottom sediments that contain less
CH,Hg" in comparison to Hginorg. High values of the L:M coefficient in bream
indicated the bioaccumulation of Hginorg in the liver and intensive demethy-
lation in this organ. Interpretations regarding roach were similar even
though the values of the L:M coefficient were lower. However, low values of
the L:M coefficient indicated increased CH,Hg* in fish muscles. Low values
of the Li:M coefficient for pikeperch (mean 0.107 within a range of 0.007 - 0.291)
were associated with the large amounts of CH,Hg* ingested with food. Low
values of the L:M coefficient also indicated that the demethylation of CH,Hg*
to Hgimrg was inefficient in the liver tissues of pikeperch.

CONCLUSIONS

The results of the study indicated the following intraspecific and inter-
specific differences in Hg, , CH,Hg*, and Hgim]rg concentrations in fish tissues
and organs:

- fish muscle was the tissue with the highest concentration of CH,Hg",
while the liver contained the highest concentration of Hgimrg;
- high Hginorg concentrations in the liver stemmed from bioaccumulation
and from demethylation process of organic mercury forms to inorganic

forms;
- the organic form of mercury dominated in piscivourus fish;

- inorganic mercury forms dominated in fishes (common roach, common
bream) from lower positions in the trophic chain, that feed on phyto-
plankton, zooplankton and benthos;

- CH,Hg" and Hg,  concentrations in fish tissues and organs depended
on the type of food consumed and its bioavailability in the environ-
ment, which was confirmed by quantifiable differences in the values
of the L:M coefficient (Hg, in liver : CH;Hg" in muscles);
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- food was the main source of mercury accumulated in fish tissues;

- the distribution of inorganic and organic mercury in the tissues and
organs of fish was linked with species and their foraging habits
and position on the trophic chain.
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