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Abstract

Concentrations of Pb, Cd, Cu, Zn, Fe, Ni, Cr, Mn and V (HMs) were determined in flesh, fishbone, liver, gill
and intestine of 20 freshwater fish (perch, roach, silver bream, semi-bream, chub, smelt, tench and pike) netted
in various Lithuania fresh waters. 90% of fish flesh samples were contaminated with Pb at the concentration
below the maximum tolerable level of Lithuanian Standards of Hygiene, although one sample was contaminated
with 3.125 mg/kg Pb, which is 8 times above the normal. 40% of fish flesh samples were contaminated with the
concentration of Cd exceeding the Maximum Tolerable Limit (MTL) value of the European Union. However,
only in one fish flesh sample did Cd concentration exceed 1.5 times the Lithuanian MTL value. The concentration
of HM in fishbone was higher than in fish flesh, except for Cr and V, where the concentration in bone and flesh
was similar. The concentration of Pb and Cd in fishbone corresponded to the allowable standards for fodder addi-
tives, processed from fish products and other sea organisms. The highest amounts of Fe, Zn and Mn were found
in fishbone and inner organs: liver, gill and intestine. The concentration of HM in inner organs of fish was from
several to twelve times higher than that in flesh. The largest amount of HM was found in liver. In order to develop
the fishing industry in freshwater reservoirs it is necessary to maintain water quality standards, to monitor water

and fish flesh pollution regularly as well as to control the concentration of HM in fish.
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Introduction

Lithuanians annually consume approximately 17 kg
fish per person [1]. Although it constitutes a small part of
food intake in comparison to other products, fish contains
polyunsaturated fats, which are essential for human nu-
trition and their consumption should increase. Contami-
nation of freshwater fish with heavy metals (HMs) is a
recognised environmental problem. The World Health
Organization as well as the Food and Agriculture Orga-
nization of the United Nations state that monitoring eight
elements in fish — Hg, Cd, Pb, As, Cu, Zn, Fe, Sn — is
obligatory and monitoring of others is suggested.

*Corresponding author; e-mail: stanbir@lva.lt

Increases in agricultural and industrial activities in
an area directly influences the quality of water. In other
words, water reservoirs are collectors of all materials
spread by human industrial and agricultural activities.
HMs penetrate into water reservoirs via atmosphere,
drainage, soil waters and soil erosion. As the concen-
tration of HMs in the environment increases, the metals
inevitably enter the biogeochemical cycle [2-4]. Hav-
ing contaminated water, HMs accumulate in organisms,
which are consumed by fish or penetrate into fish di-
rectly through skin and gill later [5, 6]. HMs cause the
mutation of fish inner organs, disturb immune reactions,
change blood parameters, reduce an organism’s adapta-
tion qualities, vitality, resistance to diseases. Loss of fry
and degeneration and diminution of valuable varieties
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of fish are observed as a result of HM pollution [7-10].
Usually, many toxic compounds affect organisms in na-
ture at the same time, each of them having a specific ef-
fect on physical and chemical processes that influence an
organism’s condition and reactions. Therefore, in order
to maintain the quality of food it is important to regu-
larly monitor and evaluate the pollution levels in fish as
well as in water reservoirs.

The aim of this work was to determine the concentra-
tions of Pb, Cd, Cu, Zn, Fe, Ni, Cr, Mn and V in flesh,
bones, liver, gill and intestines of freshwater fish collected
in throughout of Lithuania.

Materials and Methods

Twenty samples of fish from different freshwa-
ter sampling points in Lithuania were analyzed (Fig. 1
and Table 1.). The concentrations of Pb, Cd, Cu, Zn,
Fe, Ni, Cr, Mn and V in flesh, fishbone, liver, gill and
intestines were determined using ICP-MS model “Ele-
ment” (Finnigan MAT, Bremen) in the Federal Institute

Russia

Poland

of Consumer Health Protection and Veterinary Medicine
in Berlin, Germany. Samples were prepared according
to the reported Lithuanian Standard technique [11]. The
analysis was regulated following the Commission’s De-
cisions [12, 13]. Each sample was analyzed in at least
two repetitions.

Before the investigation the fresh fish (0.1-0.2 kg)
was placed in a polyethylene bag and frozen to -20°C for
4-6 hours. Preparing samples for analysis included clean-
ing the fish, freeing them of mechanical additives, and
warming them to -2°C. Fish heads, fins, and inner organs
together with hard roe were removed. Fish flesh was sepa-
rated from the spinal column and ribs. Flesh, bones, liver,
gill and intestine were analyzed separately.

At least three laboratory samples of fish flesh, bones,
liver, gill and intestines were prepared from each fish
specimen. A sample of 0.3000-0.5000 g was weighed in
a plastic test-tube, 2.5 ml of concentrated HNO, (Supra-
pure, Merck) was added and the sample was stirred at
room temperature for 30 minutes. Then 5 ml of bidistilled
H,O and 1 ml of 35% H,O, solution (35%, pure for analy-
sis, Merck) were added and the sample was placed into

Fig. 1. Different freshwater sampling points in Lithuania: 1-Elektrenai Pond, 2-Angininkai Lake, 3-Nemunas River (Vezininkai), 4-Kur-
siai Sea, 5-Nevezis River (delta), 6-Nemunas at sea, 7-Totoriskiai Lake, 8-Babrukas Lake, 9-Nemunas River (Alytus), 10-Dusia Lake,
11-Obelija Lake, 12-Vilkve Lake, and 13-Nevezis River (Kaunas).
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a microwave bath for dissolving. Afterwards, the sample
was made up to 50 ml with bidistilled H,O while stirring.
A portion of 5 ml of each sample was poured into the plas-
tic test-tube and the measuring procedure was performed
in radon gas atmosphere [14]. The results of analysis were
processed using the “Minitab” statistic program, Version
13[15].

Results

The concentration of Pb in fish flesh is presented in
Fig. 2. The maximum concentration of Pb (3.125 mg/
kg) was found in fish from Obelija Lake. The minimum
amount of Pb: 0.059 mg/kg, was found in fish from the
Nemunas River near Alytus town.

The concentration of Cd in fish flesh is presented in
Fig. 3. The maximum concentration of Cd — 0.140 mg/kg
— was found in the fish flesh from Elektrenai Pond. The
dissemination of Cu, Zn, Fe, Ni, Cr, Mn and V con-
centration in fish flesh is presented in Table 2.

The dispersion of Pb in fishbone is presented in Fig. 4.
The maximum amount of Pb in fishbone is 3.30mg/kg.
The concentration of Cd in fishbone is presented in

Table 1. Fish species and the sampling points.

Fig. 5. This data varies similarly to that of the fish flesh
(0.040+0.053 mg/kg). The dissemination of the concen-
tration of Cu, Zn, Fe, Ni, Cr, Mn and V in fishbone is
presented in Table 2.

In order to determine the level of contamination of the
fish inner organs, the concentration of HM in fish liver,
gill and intestines of examined fish was analyzed. The dis-
semination of the concentrations of Pb and Cd in inner
organs of fish is presented in Table 3. The highest concen-
tration of Cd — 8.250 mg/kg was determined in intestine,
of Pb — 3.500 mg/kg in gill. The dissemination of Cu,
Zn, Fe, Ni, Cr, Mn and V concentration in liver, gill
and intestines is presented in Table 2.

Discussion

In food, the allowed amount of HMs is defined by
norms, which are based both on the WHO recommenda-
tions and local requirements. Therefore, norms for HMs
vary in each country. For example, according to Lithu-
anian Standards of Hygiene [16] the maximum tolerable
limit (MTL) of Pb in fish meat is 0.4 mg/kg, whereas in
the European Union it is 0.2 mg/kg [17].

Sample No. Sampling locations Fish
1. Elektrenai Pond Perch (Perca fluvatilis)
2. Elektrenai Pond Roach (Rutilus rutilus)
3. Elektrenai Pond Silver bream (Abramis bjoerkna)
4. Angininkai Lake, Alytus region Roach (Rutilus rutilus)
5. Nemunas River near Vezininkai Silver bream (Rabdosargus sarba)
6. Nemunas River near Vezininkai Bream (Abramis brama)
7. Kursiai Sea, Nemunas delta Perch (Perca fluvatilis)
8. Kursiai Sea, Nemunas delta Roach (Rutilus rutilus)
9. Nevezis (delta) Silver bream (Abramis bjoerkna)
10. Nevezis (delta) Roach (Rutilus rutilus)
11. Nevezis (delta) Chub (Leuciscus cephalus)
12. Nemunas at sea, Siluté region Smelt (Osmerus eperlanus)
13. Totoriskiai Lake, Trakai Roach (Rutilus rutilus)
14. Babrukas Lake, Trakai Roach (Rutilus rutilus)
15. Nemunas River near Alytus Roach (Rutilus rutilus)
16. Dusia Lake, Lazdijai region Perch (Perca fluvatilis)
17. Obelija Lake, Lazdijai Roach (Rutilus rutilus)
18. Obelija Lake, Lazdijai Tench (Tinca tinca)
19. Vilkve Lake, Varena region Pike (Esox Lucius)
20. Nevezis River near Kaunas Roach (Rutilus rutilus)
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The maximum concentration of Pb (3.125 mg/kg).
Exceeding the Lithuanian MTL value 8 times, was found
in fish from Obelija Lake. Obviously it is an exceptional
case, but it confirms the necessity to monitor the concen-
tration of HMs in fish flesh. The minimum amount of
Pb, 0.059 mg/kg, was found in fish from the Nemunas
River near Alytus town. The amounts of Pb meet the LSH
norms in 90% of fish flesh samples (except one). In 20%
of samples the concentration of Pb exceeded the MTL of
the European Union, however. In comparison to results
obtained during a similar study, the concentration of Pb
was close to the one found during our analysis and var-
ied within 0.020 mg/kg — 0.100 mg/kg range, with one
sample of 0.960 mg/kg of Pb [18-20].

The maximum concentration of Cd equal to 0.140
mg/kg was found in the fish flesh from Elektrenai Pond,
which is located in the vicinity of a thermal electric power
station. This amount exceeded the Lithuanian MTL value
equal to 0.100 mg/kg almost 1.5 times and it is almost
3 times higher than the EU norm equal to 0.050 mg/kg.
The rest of the samples contained Cd in concentrations
from 0.042 to 0.054 mg/kg, whereas in eight samples the
concentration was slightly higher than the EU MTL. In a
similar study Gerulaitis and Valiusiene [18] found lower
Cd levels in fish flesh: from 0.030 to 0.060 mg/kg.

Concentrations of Cu, Zn, Fe, Ni, Cr, Mn and V in
fish flesh are presented in Table 2. The maximum con-
centration of Cu (0.564 mg/kg) exceeded the Lithuanian
MTL value by almost 5 times. The determined amount of
Fe in fish flesh is 4-10 times lower than in LSH. Ni con-
centration in fish flesh samples is within the limits of
LSH, except for one sample, where the concentration of
Ni amounted to 10.660 mg/kg. The average concentration

of Mn in fish flesh samples was relatively low with the
exception of two samples (0.301 and 0.641 mg/kg respec-
tively). The maximum concentration of V in fish flesh was
0.289 mg/kg and in the rest of samples varied from 0.058
to 0.081 mg/kg.

Fishbone is used in production of food additives, i.e.
gelatine. Therefore, its health quality is also very im-
portant. The maximum amount of Pb found in fishbone
(3.301 mg/kg) is higher than that determined in fish flesh
(Fig. 4.), but stays within the limits of allowable amount
of Pb (MTL is equal to 10.0 mg/kg) in food additives pro-
duced from processed fish products and other sea organ-
isms [21]. The concentration of Cd in fishbone (Figure
5.) varied similarly to that of fish flesh and was slightly
lower, except for one sample.

Cu level in fishbone was 2-6 times higher than in fish
flesh. The amount of Zn in fishbone was much higher than
in flesh. Also Fe concentration in fishbone was consider-
ably higher than that in fish flesh. The amount of Ni in
fishbone is 5-8 times larger than that of flesh, although the
fishbone from the delta of the Nemunas River contained a
more than 100 times higher amount of this element. The
concentration of Cr in fish flesh and bones was similar: it
varied from 0.526 to 1.426 mg/kg, on average, except for
one sample, where the concentration of Cr reached the
value of 8.524 mg/kg. The amount of Mn in fishbone was
10 times higher than in flesh, whereas the concentration of
V was similar to its amount in flesh.

It should be stressed that the level of HM in fish flesh
may not necessarily represent the real extent of HM’s
impact on ichthyofauna or the whole hydrosphere [22].
Elements from water are taken by fish through gills and
a gastrointestinal tract, where they can be accumulated in
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Fig. 2. Box-Whisker diagram dissemination of Pb concentration
in flesh.

Fig. 3. Box-Whisker dissemination diagram of Cd concentration
in flesh.
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inner organs, leading to pathological changes [7-10]. In
order to determine the level of contamination of fish inner
organs, concentrations of HMs were analyzed in fish liver,
gill and intestines. The highest concentration of HMs was
determined as follows: Pb, Ni, Cr and Mn in liver, Cd in
liver and intestine, Cu in intestine and a slightly lower
concentration in gill and liver, Zn in liver and fishbone,
Fe in fishbone, gill and liver, and Ni in liver. Through
the small number of samples and considerable dispersion
of the results one can observe that Fe and Zn were pres-

ent in fish in the highest concentrations. Mn, Cr, Cu, Ni
were determined in slightly lower amounts. In fish liver
the concentrations of Pb, Cu, and Cr are 4 times, concen-
trations of Cd, Zn, and Ni are 9 times, concentrations of
Fe are 80 times, and concentrations of Mn are more than
100 times higher than in flesh. The lowest concentration
of HMs was found in fish flesh, whereas the highest was
determined in fish liver (Table 2.). These results do not
contradict other researchers’ information and differences
are statistically insignificant [14, 18, 23-28].

Table 2. Box-Whisker dissemination of HM concentrations [mg/kg] in fish flesh, fishbone, liver, gill and intestines.

Cu Zn Fe Ni Cr Mn \Y
Box-Whisker dissemination of HM concentrations [mg/kg] in fish flesh
Min. 0.125 10.034 0.211 0.125 0.526 0.011 0.058
25% 0.131 10.471 0.743 0.133 0.766 0.025 0.061
Md. 0.289 14.842 2.059 0.152 0.932 0.072 0.069
75% 0.417 20.991 6.108 0.184 1.033 0.215 0.081
Max. 0.564 22.011 7.947 10.660 1.426 0.641 0.289
Box-Whisker dissemination of HM concentrations [mg/kg] in fishbone
Min. 0.061 46.432 61.214 0.234 0.083 1.179 0.001
25% 0.216 91.514 148.101 0.374 0.277 2.861 0.019
Md. 0.376 122.311 174.012 0.713 0.544 7.060 0.042
75% 0.651 174.301 204.621 1.979 0.819 9.780 0.064
Max. 1.234 530.886 397.534 20.114 8.524 16.012 0.229
Box-Whisker dissemination of HM concentrations [mg/kg] in fish liver
Min. 0.711 61.011 79.098 0.298 0.871 2.691 0.002
25% 0.905 74.498 123.198 0.730 1.611 4953 0.027
Md. 1.139 120.496 162.099 1.311 3.859 9.253 0.081
75% 1.648 290.201 178.010 2.161 5.762 10.661 0.265
Max. 2.851 389.699 198.597 26.759 15.991 15.120 0.281
Box-Whisker dissemination of HM concentrations [mg/kg] in fish gill
Min. 0.641 74.396 105.090 0.341 0.529 0.149 0.011
25% 0.841 78.201 113.793 0.472 1.490 4.050 0.005
Md. 1.209 97.311 172.601 0.669 2.481 7.579 0.109
75% 1.499 250.498 183.095 1.125 3.885 9.489 0.178
Max. 1.989 259.299 204.699 1.719 5.139 11.541 1.361
Box—Whisker dissemination of HM concentrations [mg/kg] in fish intestines
Min. 0.809 36.797 16.398 0.119 0.179 0.529 0.019
25% 1.075 42.091 22.201 0.119 0.515 0.891 0.025
Md. 1.389 76.398 33.191 0.248 1.151 1.949 0.061
75% 3.811 109.199 68.102 0.581 3.665 3.481 0.075
Max. 4.489 181.701 106.899 3.410 4.831 4.861 0.089
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Fig. 4. Box-Whisker dissemination diagram of Pb concentrations

in fishbone.

tions in fishbone.

Table 3. Box-Whisker dissemination of Pb and Cd concentrations in inner organs of fish.

Fig. 5. Box-Whisker dissemination diagram of Cd concentra-

Pb [mg/kg] Cd [mg/kg]
liver gill intestine liver gill intestine
Min. 0.210 0.191 0.110 0.411 0.169 0.349
25% 0.435 0.269 0.251 0.415 0.231 0.415
Md. 0.589 0.368 0.151 0.441 0.251 0.451
75% 0.739 0.975 0.169 0.485 0.275 0.481
Max. 0.941 3.498 0.219 3.029 0.289 8.250

In conclusion it may be stated that in order to evaluate

the ecological condition of freshwater fish, both fish flesh 2.

and inner organs must be monitored regularly. To develop
the fishing industry in freshwater reservoirs it is necessary
to maintain water quality standards, and to monitor con-
tamination levels of water reservoirs and fish regularly.

Conclusions

1. 90% of fish flesh samples were contaminated with
concentrations of Pb, which laid within the limits of
maximum tolerable levels of Lithuanian Standards of
Hygiene, although one sample was contaminated with
3.125 mg/kg of Pb, which is 8 times above the norm.

An enlarged concentration of Cd was determined for
40% of fish flesh samples, which exceeded the MTL
value of the European Union. However, only in one 1
fish flesh sample did Cd concentration exceed the

Lithuanian MTL value 1.5 times.

Concentrations of HMs in fishbone are higher than in
fish flesh, except from Cr and V, as their concentra-
tions in bones and flesh is similar. The concentrations
of Pb and Cd in fishbone correspond to the allowable
standards for food additives produced from the pro-
cessed fish products and other sea organisms.

. Concentrations of HMs in inner organs of fish are

from several to twelve times higher than in flesh. The
largest amount of HMs was found in liver, where the
concentrations of Pb, Cu, Cr are 4 times, concentra-
tions of Cd, Zn, Ni are 9 times, and concentrations of
Mn are more than 100 times higher than in flesh.
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