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SUMMARY

Mercury accumulation in different tissues of Cypri-

nus carpio was measured after exposing the fish to 25 and

50 ppb mercury for 15 and 30 days. At the end ofexperi-
ments, gill, liver, spleen and brain tissues of fish were dis-

sected separately. Dissected tissue samples were prepared

with wet digestion for mercury analysis. Mercury concen-

tration of samples was determined by cold vapor atomic

absorption spectrophotometry. For all the tissues analyzed,

mercury accumulation level displayed an increase, depend-

ing on the medium mercury content and exposure period.

When compared to the other tissues, a more evident in-
crease was reported in the mercury level of spleen tissue,

especially in the 50 ppb medium mercury content. Among

all the tissues analyzed, mercury level in the liver tissue is

the lowest one among the other tissues
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INTRODUCTION

Aquatic environments are final areas of all kinds of
pollution. Life in water-body is characterized by a stronger

relation between aquatic organisms and the factors of the

environment, due to high mobility of polluting substances

in water. Fish are more sensitive to many toxicants and

the convenient objects for water quality assessment. More-

over, fish are an important sea food for mankind, and

have an important role in translating toxicants to the up-
per levels of food web [1].

Mercury is widely found in aquatic ecosystems, even

in remote environments. Mason et al. l2l estimated that

over the last century anthropogenic emissons have tripled
the concentrations of mercury in the atmosphere and in
the surface ocean. Mercury, especially as monomethyl mer-

cury (MMHg), increases in concentration in natural popu-

lation with age andlor the trophic level of the organism

[3], thus the proportion of the total mercury as methylmer-

cury increases with each trophic level. Fish can regulate
their tissue concentrations of essential heavy metals up to

certain levels, above which accumulation starts and toxic
effects occur. However, mercury is potentially toxic at low
concentrations, and it is not known to perform any essen-

tial biochemical function.

For aquatic organisms, the biological barriers that come

into contact with metals, such as mercury, are typically the

gills and the intestine. In fresh water fish, the absorption

of mercury may occur mainly through the gills by exchang-

ing with water [4]. Mercury concentrations in hsh tissues

generally paralleled to the medium mercury contents and

exposure period [5]. Studies on the tissue accumulation of
mercury in fish have shown that at sublethal concentra-

tions, the metal accumulates mainly in metabolically active

tissues [6]. Liver, one of the main sites, where demethyla-
tion (the transformation of organic mercury into the less

toxic mercuric selenide) is believed to occur, is known to
play a role in the storage of metals, such as mercuy in fish

[7]. In this paper, we present an experimental study in
order to cary out mercury accumulation in metabolically
active tissues of the cultured fish species, C. carpio.

MATERIALS AND METHODS

Accumulation of inorganic mercury in different tis-

sues of C. carpio were measured after exposing the fish to

25 ppb and 50 ppb (pgll.) mercury for periods of 15 and

30 days. The carps were obtained from culturing pools and

trasferred to the laboratory, where the experiments were

conducted. The animals were acclimatized to laboratory
conditions for one month before the experiments began.

When used, the fish were of 35.45 x.4.56 g in mean weight'

The experimental room was air-conditioned (25 + 1 
oC) and

enlightened for 12 hours. Tap water used for the experi-
ments had a pH value of '7.6 + 0.52, a total hardness of
278 +2.2, and an alkalinity (HCO3) of 221+ 1.6.
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Experiment was run in two series, each series contain-
ing three aquaria, 100x50x40 cm in height. Each aquarium
was divided into three equal volumes by glass partitions,
and they were used as replicates. Fifty litres of one of the
two mercury solutions was added into each three divisions
of an aquarium. Tap water was added into the remaining
aquarium divisions used as control.

Stock solution (1000 mg/L) of mercury was prepared
from mercuric chloride (HgCl2-Merck), and then diluted to
25 ppb and 50 ppb mercury solutions for experiments. The
mercury solution in the experimental tanks was changed
and redozed once in two days. The experiment was run in
triplicate for fish in each division. The aquaria were well-
aerated using a central air pump system to saturate with
oxygen (dissolved oxygen 7.1 + Q.47 mgtL). During the
experiments, the animals were fed with a trout food, which
is produced by Prnar Inc.

At the end of each experiment (15 and 30 days), hsh
were removed from the aquaria and placed on filter paper

to remove the excess liquid. Their gill, liver, spleen and
brain were dissected separately. For mercury analysis, the
tissue samples were wet-digested and prepared [8]. Mer-
cury concentration of samples was determined by cold va-
por atomic absorption specftophotometry (Varian 880 Flame
Model-VGA 77 apparatus). In the statistical analysis of the
data, variance analysis (for multiple groups) and t-Test (for
paired groups) were applied. Significance was tested at the
5 Volevel P<0.05).

RESULTS

The results of this study are presented in Table I and
Figs. 1 and 2. In Table 1, effects of medium mercury con-
tent, and the period of exposure on the mercury accumula-
tion level for each tissue is examined. Levels of mercury,
accumulated in the tissues examined at the end of 15 and
30 days, are compared in Figs. 7 and2, respectively.

TABLE I - Effect of exposure time and medium concentrations on
the mercury accumulation in tissues of Cyprinus carpio (1tglgw.w.)

Tissues
Exposure Time

(Days)

Medium Concentrations
(oob Hs)

00 25 50

Liver 15

30
0.16 + 0.09*
0.08 + 0.02-

6.43 r 0.80".
15.17 + 0.06b'

18.82 r 0.12*
28.24 + 2.63"

Gill 15

30
0.07 + 0.02
0.06 + 0.01*

28.2'7 + 1.86"*

39.73 +3.59"'
36.98 + 5.74D*

45.53 + 1.648

Spleen
l5
30

0.32 + 0.18*
0.16 + 0.03*

2'7.3O + 5.16D"

36.86 + 2.83b"
50.58 t 0.26"
70.20 + 3.54't

Kidney 15

30
0.17 + 0.13*
0.13 + 0.03*

23.61 + 3.22o'

46.28 + 4.89b1

33.27 x.3.07'
33.61 + 0.62""

Brain l5
30

0.56 + 0.01*
0.43 + 0.05*

19.99 t 0.68"-
15.83 + 24O6

28.85 + 3.02"*
18.58 + 3.49""

l€tters a, b and c show differences among concentrations (variance analysis ), x and t among days; (t-test) data with different letters
are statistically significant at P<0.05 level; w.w. = wet weight.

FIGURE 1 - Mercury accumulations in the tissues of Cyprinus carpia after 15 days of exposure.
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FIGURE 2 - Mercury accumulations in the tissues of Cyprinus carpio after 30 days of exposure.

For all the tissues analyzed, mercury accumulation
level showed an increase depending on the medium mer-
cury content and exposure period (Table 1). The gill is one
of the tissues with a high level of mercury accumulation.
An amount of decrease was reported in the mercury accu-
mulation speed in this tissue, depending on the exposure
period. The highest mercury concentrations were meas-
ured on the tissue of spleen, where the effect of medium
mercury content is more obvious. For this reason, there is
a statistical difference between all medium mercury con-
tents. The most striking point concerning the brain tissue
is that mercury level in the tissue decreased slightly, though
not at a level of statistical significance on the 30' day. The
level of decrease is higher in the medium mercury content
of 50 ppb.

A more evident increase was reported in the mercury
level of spleen tissue, especially in the 50 ppb mercury con-
tent at the end of both periods, when compared to other
tissues. Among all the tissues analyzed, mercury level in
the liver tissue is the lowest one. Only in the 50 ppb mer-
cury content on the 30t day, the mercury level of liver is
higher than that of the brain (Figure 2). The mercury levels
of liver and kidney were similar in the medium mercury
content of 50 ppli on the 30* day. As for the brain tissue,
it was reported that it has a lower mercury level, when com-
pared to other tissues, constituting a statistical signifr-
cance. Spleen and gill tissues contained a higher level of
mercury, when compared with one another and the other
tissues with a statistically significant value (Figures 1, 2).

DISCUSSION

In a previous study, it was found that mercury accu-
mulation level of lctalurus melas increased depending on
the medium mercury content, when it was held in mer-
cury concentrations of 35,70 and 140 ppb, for a period
of 10 days, which is in line with the findings of our study

[5]. Moiseenko and Kudryavtseva [9] reported a close rela-
tionship between the metal accumulation level, pathologi-
cal changes in the tissues of the fish, namely, Salmo trutta
and Salvelinus alpinus, which were caught in a region of
mining activities and metal industry, and the metal con-
centration in the water.

As the mercury in the respiration water interacts with
gills directly, the mercury accumulation in this tissue starts
in a shorter time. It was reported that mercury was accumu-
lated in the gills of C. carpio in mercury chloride solu-
tions, but the difference between the mercury accumula-
tion levels in the gills, brain and liver tissues decreased
depending on the exposure period [10]. In our study, when
the mercury content in the gill tissue was 4.4 times higher
than that ofthe liver, on the 15' day in25 ppb concentra-
tion, this rate decrease d to 2.6 on the 30h day in the same
concentration (Figures 1,2). Our results are similar to the
results of that study in that in both studies the mercury
accumulation in the gill tissue was faster and it was higher
in amount than it was in other tissues [10].

On the other hand, these two studies differed from
each other and elucidated that the liver tissue contained a

higher level of mercury in comparison with the brain tissue.
In our study, the total mercury load accumulated in the
tissues was higher. The main reason may be that our ex-
periments were c^onducted at a higher environmental tem-
perature (25 + 7 "C). In another study, it was reported that
mercury accumulation starts in the gill tissue of Tricho-
mycterus zonattts, which is a tropical fish species, and that
it was even more critical in the tissues of liver and kidney
in terms of mercury accumulation level [6].

In Carassius auratus kept under the effect of amal-
gam with mercury content, the mercury concentration was
observed to be highest in the total body, followed by liver,
muscle and brain tissues [11]. The fact, that the total body
contained more metal than liver, muscle and brain, indi-
cated the importance of the effects of the gill, kidney,
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spleen and digestion system on the accumulation of mer-
cury. In our study, the findings that the mercury levels of
the gills, kidney, and, especially the spleen tissue, were
higher supports the results of the study carried out on
Carassius auratus. Allen [12] found that mercury accu-
mulation was higher in kidney tissue with the increase of
exposure period. In another study, it was reported that a
significant amount of mercury taken by land animals
through drinking water accumulated in the tissues of kid-
ney, liver and spleen [13]. Contrary to this study, we found
that the spleen tissue contained more mercury than the
tissues ofkidney and liver.

In our study, it was striking that the mercury level in
liver tissue was lower than in the other tissues examined.
When compared with other metals, such as cadmium, cop-
per and lead, lower mercury accumulation in the liver
tissue can be explained with the lower level of mercury,
depending on metallothionein (MT) and similar proteins.
Gerson and Shaikh [14] found that l}Vo of the mercury
was accumulated in the hepatosites, depending on the
thioneins. The increase observed in MT synthesis in the
hepatocities of rainbow trouts under the effect of mercury
was associated more with the levels of copper and zinc in
the hepotasites than that of mercury [15]. When the effect
of Hg, Cd, Cu and Zn metals on the MT level in the tis-
sues in wistar rats was analyzed, it was found that MT
level in liver tissues of the group, to which mercury was
rnjscteil, Nas \o.wer [6].

A striking point in this study is that the spleen tissue
contained more mercury. For example, the mercury level in
the spleen tissue on the 30' day, in the presence of 50 ppb
mercury in the medium, was twice as much as in kidney
tissue, and 2.5 times as much as in liver tissue (Figure 2).
This can be associated with the facts that it is a tissue where
other metals accumulate at a high level as welt [17], and it
plays a role in the production ofblood cells which contain
a signif,rcant pz'rt (90Vo) of mercury in circulation.

As long as the mercury concentration in the aquatic
environment does not exceed normal values, the mercury
amount taken directly from water is generally low. How-
ever, the mercury included in the food chain is transferred
to upper trophic levels in an intensive way. As a result of
the studies conducted, it was reported that predatory fish
species contained a higher level of mercury [3, 18]. For
this reason, birds and mammal species, which mostly feed
on a wide variety of hsh, are under bigger risk in terms of
mercury toxicity. This risk is supported by the findings of
various studies, in which high levels of methyl mercury
were measured in hair samples of family members mostly
cosuming fish [19]. In another study, a close relationship
was found betweenXiphias gladius consumption and blood
mercury level [1].

In this study, high levels of mercury accumulated in
the tissues, although mortality was not observed and toxic
effects did not reflect on the behaviour of the fish. This
indicates that nonlethal mercury concentrations may cause

high concentrations in the tissues that are metabolically
active in time, but remain within the tolerance limits of
living organisms, and can also be transferred to human
beings through the food chain.
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