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Abstract

The aim of this work was to analyze the concentrations of select elements such as sodium (Na), potas-
sium (K), calcium (Ca), magnesium (Mg), iron (Fe), and zinc (Zn) in the water, muscle tissue, and gills of
perch sampled in autumn from Lake Gopto in NW Poland. The correlations between the fish size (body length)
and metal concentrations in the tissues were investigated by linear regression analysis. In addition, the bioac-
cumulation coefficient, as a measure of accumulation intensity of an element in an organ, was analyzed. The
mean content of K, Mg, and Zn in the analyzed perch was higher in the muscle (18.90, 1.53, and 52.92, mg-kg
") than in gills (8.88, 1.30, and 44.99 mg-kg"), and the difference between these values (except for Zn) was sta-
tistically significant (p<0.05). The analyses of the correlation between metal concentration in the meat and the
body length of fish show that the bioaccumulation of Na, K, Mg, and Zn decreases as fish body length increas-
es (negative correlation). The evaluation of the chemical pollution of Lake Gopto concentrations was based
on the following ions (N-NO;, N-NO,, and P-PO,) and minerals (Na, K, Ca, Mg, and Zn). The concentrations
of nitrite nitrogen in the waters of Lake Gopto range from 0.012 (in September) to 0.057 mg N-NO, dm? (in
November). The concentration of nitrate nitrogen ranges from 0.09 to 1.888 mg N-NO; dm”. The concentra-
tion of orthophosphate in surface waters of Lake Gopto is not very diverse (0.17-0.2 mg PO7 dm™).
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Introduction

Among the products available, fish is considered to be
one of the most interesting foods [1]. Fish constitutes main-
ly the final stages in the aquatic food chains, and the normal
metabolism of fish may accumulate large amounts of certain
metals (essential and non-essential) from water, food, and
sediments [1, 2]. Therefore, when metals occur in aquatic
environments, they pass through a food chain and, eventual-
ly, find their way into our bodies [3]. The data found in the
literature indicate that the contents of macro- and microele-
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ments in fish depend on species as well as their feeding type,
age, weight, and body length [4, 5]. The ecological needs,
sex, age, growth rate, seasonal changes, and molting of
marine animals are also found to affect metal accumulation
in their tissues [6-8]. Such environmental factors as salinity,
pH, hardness, and temperature of water play significant
roles in metal bioaccumulation in fish tissues [1, 9].

The accumulation of metals in fish tissues and organs
depends on their physiological role. For instance, the der-
mal route is usually a minimal contributor of exposure, due
to the effective barrier provided by the external epithelium
[3]. The aim of this work was to analyze the concentrations
of some selected elements in the muscle tissue and gills of
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perch (Perca fluviatilis L.). Gills are the primary site of the
metal uptake from water, especially if metals are bound to
a particulate matter [10]. Muscles are not always a good
indicator of the whole body fish contamination [11, 12].
And, as Rajkowska et al. [13] conclude, the muscle tissue
of fish is well protected by other organs, so that only trace
amounts of the metals accumulate in the muscle tissue of
roach (Rutilus rutilis L.) from the West Pomeranian Lakes.
This mechanism makes fish muscle safe for human con-
sumption. Liver has a tendency to accumulate significantly
higher metal concentrations than muscles [2, 14]. The
analyses carried out by Yilmaz et al. [1] show that the high-
est levels of heavy metals are found in liver and the lowest
in the muscles of S. lascaris, L. budegassa, and T. lucerna.
The high accumulating ability of liver is a result of the
activity of metallothioneins, the proteins that can be bound
to some metals (Cu, Cd, and Zn), thus reducing their toxic-
ity and allowing their liver to accumulate metals in a high
concentration [2].

Material and Methods

The study involved water and perch sampled from Lake
Goplo. The experimental fish was caught in natural condi-
tions. The fish were collected in October during one fishing
day. The analyses were carried out on 10 muscle tissue sam-
ples and 10 gill samples. The measurements of the fish
body mass (BW) (+0.01 g), length (Lc) (0.1 cm), and total
length (Lt) (£0.1 cm) were taken from each individual. The
samples of muscles for analyses were taken from the large
side muscle of the fish body above the lateral line [15]. The
individuals were selected for analysis on the basis of simi-
lar biometric measurements. Body weight ranged from
120.17 to 234.69 g, and body length was from 17.0 to 21.5
cm. The water was taken from the surface layer of the lake
[16] and the samples were collected in three periods:
September, October, and November (during one day) near
the town of Kruszwica.

The samples of fish muscle tissue were frozen immedi-
ately after preparation and kept in the deep freezer (ca -20°C)
before analysis. All the frozen samples were freeze dried in
a Finn-Aqua Lyovac GT2 freeze dryer (parameters: tem-
perature -40°C, pressure 6-102 mbar, duration at least 48 h).

The freeze-dried samples were mineralized in a
microwave mineralizer Ethos Plus, Milestone. 0.1g of the
tissue was weighed for mineralization and HNO, and H,0O,
were added in ratio 4:1. During the first 10 minutes, the
temperature increased to 190°C. During the next 7 minutes,
the temperature was kept at the level of 190+£5°C. The min-
eralized samples were carried quantitatively to 50 ml mea-
suring flasks.

In the muscle tissue and gills, the concentrations of Na,
K, Mg, Ca, Fe, and Zn was determined, and in the water —
Na, K, Mg, Ca, and Zn. The metal concentrations were
determined with the use of the atomic absorption spec-
trophotometer Solar 969, Unicam. The analyses were car-
ried out according to PN-EN 13805/2003 [17], PN-EN
15505/2009 [18], and PN-EN 14084/2004 [19]. The tissue

Table 1. The average concentrations of the selected mineral
compounds in the muscle tissue and gills of perch (Perca fluvi-
atilis L.) from Lake Gopto (g-'kg' or mg-kg' of wet weight).

Mineral Muscle Gills
compounds (mean+SD) (mean+SD)
Na (zkg) 0.380.16' 1.10£0.13°
K (gkg) 4.11£0.29° 1.93£0.21°
Mg (z'kg") 0.330.03" 0.28+0.03"
Ca (g'kg") 1.39+0.63° 8.52+1.37°
Fe (mgkg") 2.26+0.80° 29.59+1.76°
Zn (mgkg") 11.52:+4.84° 9.7942.67°

Mean values denoted with various letters in the same row are
statistically significantly different (p<0.05) (T- test)

concentrations of metals were reported as g-kg' or mg-kg'
of dry weight (g'kg' and mg-kg' d. w.). The analyses of
water were carried out according to PN ISO 9964-1/1994
[20], PN-ISO 9964-2/1994 [21], PN-EN ISO 7980/2002
[22], PN-EN 26777/1999 [23], PN-82 C-04576/08 [24],
and PN-73 C-04537 [25]. The metal and ion concentrations
in water were reported as mg-dm’.

The accuracy of the analyses was controlled by adding
standard solutions traceable to SRM (NaNO,, KNO,,
Ca(NOy),, Mg(NOy),, Fe(NO,);, and Zn(NO,), in HNO,,
0.5 mol-dm”) (Merck, Germany). The results showed that
the recovery percentage was in the range of 93 to 103%,
and these values were included in the final results.

The data analyses were performed using Statistica 8.0
software (StatSoft, USA) [26]. The significance of the dif-
ferences in the average content of minerals in the meat of
roach and water were calculated by two-way analysis of
variance. Tykey’s test and t-test were applied, and statisti-
cally significant differences were evaluated as significant at
p=<0.05.

Results and Discussion

The analyses indicated that higher concentrations of Na,
Ca, and Fe occurred in gills, whereas lower amounts of K,
Mg, and Zn were observed in gills (Table 1). Statistically
significant differences in the content of all metals (except
for Zn) between muscle tissue and gills were calculated.

As Malik et al. [27] indicated, heavy metals were bioac-
cumulated at varying levels in different tissues in L. rohito
and C. idella. Zn content in L. rohito was lower in gills
(0.233 pgrg') than in muscles (0.482 pg-g"), while in C.
idella, gills accumulated higher amounts of Zn (2.64 pug-g")
than muscles (1.88 pg-g"). These differences between the
two species might be due to their different ecological needs,
metabolic activities, and feeding habits. Gills accumulated
higher levels of heavy metals than other organs because they
acted as a depot tissue [1, 10, 28, 29]. Concentrations of
metals were lower in muscles, because this tissue constitutes
the greatest mass of the flesh that is consumed as food [27].
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Zn is essential for good human nutrition. However, if its
intake is too high it may cause health problems. The Food
and Agricultural Organization’s (FAO) limit for Zn is 30
mg-kg' [3]. The mean content of Zn in the analyzed perch
was higher in the muscle tissue (52.92 mg-kg") than in gills
(44.99 mg-kg"). As Tekin-Ozan and Kir [30] indicated, the
mean concentration of Zn was about 2 times higher in gills
(14.17 mg'kg"') than in muscles (7.01 mgkg') of tench
(Tinca tinca L.). The same results were observed by
Brucka-Jastrzebska et al. [31]. Uysal et al. [3] reported that
the mean concentration of Zn in fish meat without skin from
Beymelek Lagoon (Turkey) was lower than in gills, ranging
between 4.27 and 12.28 mg-kg" in meat, and between 42.36
and 339.76 mg-kg' in gills. Gills are primary sites for the
indication of tolerance mechanisms [32]. There are four
mechanisms for the tolerance of gills to metals: the
decreased uptake from water, detoxification by binding
metals to induced metallothionenin, protection of cellular
structures by induction of stress-protein, and induced excre-
tion of metals (apical to water and basolateral to blood).

Analyses of the metal accumulation in the body of sterlet
(Acipenser ruthenus) from the Danube River (Serbia)
showed that differences in distribution of metals among dif-
ferent tissues were statistically significant. The muscles
revealed the lowest concentrations of most of the analyzed
metals [2]. The mean content of Zn in meat was 25.18 pg-g*
and in gills it was 62.38 pg-g". Several studies determined
the highest Zn concentration in gills [8, 33].

As reported by Yilmaz et al. [1], Zn content in muscle
samples of three demersal fish ranged from 20.8 to 28.2
ng-g'. The analyses of variance revealed Zn concentrations
to differ significantly between species, suggesting that the
content of this element in fish muscle increased with depth.
Fe concentration in the meat of fish from Iskenderun Bay
(Turkey) ranged from 37.6 to 76.7 ng-g’.

In the meat of perch from Latvia, the mean concentra-
tion of Fe was about 100 pg-g', and in gills, the content of
this metal was lower. Muscle tissues had lower Zn concen-
tration than gills [10]. As Brucka-Jastrzgbska and
Potasowicki [34] indicated, the highest iron concentration
in 5-month-old carp (Cyprinus carpio L.) was found in gills
(36.47 pg-g' w.w.) and kidneys (33.94 pg-g"' w.w.), the low-
est being recorded in muscles (2.79 pgg' w.w.). Klavins et
al. [10] reported that in gills of perch, the pattern of metal
concentration was Fe<Zn, and in muscles, it was Zn<Fe.
The same results were obtained in this study for perch sam-
pled from Lake Gopto and for other freshwater fish from
the Polish West Pomeranian Province, where Brucka-
Jastrzgbska et al. [31] reported higher Fe levels in gills
(28.9-54.7 mg-kg' w.w.) than in muscles (4.6-9.1 mg-kg")
as well as higher levels of Zn in muscles (6.1-8.1 mg-kg")
than in gills (3.1-3.6 mg-kg"). In the meat of freshwater fish
from Lake Dhanmonodi (Bangladesh), the mean concen-
tration of Fe was higher than of Zn in all samples [35].
Klavins et al. [10] concluded that the mean content of the
studied metals was low, and that these values could be
taken as background values for uncontaminated sites.

As the analyses indicated, metal concentrations in fish
depended on the feeding type. Perch is a predatory fish that

Table 2. The value of the bioaccumulation coefficient (k) in the
muscle tissue of perch (Perca fluviatilis L.) from Lake Gopto.

Mineral compounds k
Na (g'kg") 0.039
K (g'kg") 0.834
Mg (g'kg") 0.012
Ca (g'kg") 0.023
Zn (mgkg") 288

feeds on other, smaller fish [4, 10, 14]. In the meat of perch
from the Great Mazurian Lakes, Zn concentrations ranged
from 20.2 to 24.5 mg-kg" d.w., and was higher than in the tis-
sue of un-predatory fish [5]. The mean content of Zn in the
muscles of pike (Esox lucius L.) from Anzali wetland was
25.4 mg'kg' [9]. The meat of perch from the Great Mazurian
Lakes had lower Fe content than un-predatory fish from this
region and these values ranged from 4.6 to 6.8 mg-kg'. The
mean level of Na, K, Ca, and Mg in the meat of perch was
306.78,2076.28, 65.7, and 98.52 mg-100 g, respectively [5].
As reported by Yilmaz et al. [1], the mean value of major ele-
ments in the meat of fish from Iskenderun Bay (Turkey) was
29.16 pgrg' for Na, 3.34 ng-g' for K, 242 pg-g' for Ca, and
16.18 ng-g' for Mg. Na, K and Ca were the most abundant
essential elements in these studies. The highest concentrations
of these elements were in the muscles of S. lascaris. The
analyses indicated that these fish species seemed to be more
contaminated than other fish and it showed that fish were a
potential bioindicator of pollution of deep sea ecosystems [1].

Iron is not toxic to fish, but long-term exposure to a high
iron level is dangerous [31]. Fe is found to reach the maxi-
mum concentration in liver [1, 3, 33]. Fe is bound to pro-
teins or occurs as an iron phosphate that is deposited in var-
ious tissues, mainly in liver. In their analyses, Jari¢ et al. [2]
found that Fe concentration in sterlet revealed similar lev-
els in liver (379.44 pg-g") as in gills (380.32 pug-g").

The bioaccumulation coefficient, as a measure of inten-
sity of accumulation of an element in an organ, was ana-
lyzed in the perch from Lake Gopto. The results are pre-
sented in Table 2. The same results were observed by
Szulkowska-Wojaczek et al. [36]. The bioaccumulation
coefficient of Zn in the meat of carp from fisheries was 240.
In gills, this coefficient was 869, and was higher than in the
meat and gills of perch from Lake Gopto. The bioaccumu-
lation coefficient of metals in the muscle of perch from
Lake Znin Duze was 288.67 for Zn, 4.38 for Ca, 10.79 for
Mg, 421.24 for K, and 12.36 for Na [29].

The intensity of bioaccumulation, expressed as a bioac-
cumulation coefficient, is inversely proportional to the
metal concentration in water. This means that even very
small concentrations of metals in water may lead to dan-
gerous amounts of certain elements in fish organs [36]. The
ability of fish to accumulate metals in muscle tissues was
for the fish of Wielkopolski National Park. The bioaccu-
mulation coefficient in the meat of perch was 277 for Zn,
with a lower value - 52 for Cu [37].
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Table 3. The correlation coefficient (r) at the level of signifi-
cance p<0.05 determined for the relationship between element
content in meat and the body length of fish.

Mineral compounds r
Na (g'kg") -0.55
K (gkg") -0.03
Mg (g'kg") -0.32
Ca (g'kg") 0.08
Fe (mgkg”) 0.04
Zn (mgkg") -0.26

The analyses of the correlation between the metal con-
centration in the meat and body length of fish show that
bioaccumulation of Na, K, Mg, and Zn decreased as fish
body length increased (negative correlation) (Table 3). The
same results were observed for Zn and Mn [29] and for Ccr,
Mn, Ni, and Pb [38]. The primary explanation of the nega-
tive correlation between the concentration of metals and the
size of fish is a difference in the ability to metabolize com-
pounds, higher for young fish than for older individuals.
The other explanation is the fact that in young animals, the
mechanisms of the neutralization of harmful compounds
are not developed sufficiently. Therefore, larger amounts of
toxins can accumulate in their bodies [39]. The decreasing
content of metals in the organisms of older fish can also
result from lower amounts of proteins responsible for bind-
ing these compounds in tissues [40].

The quality of water in Lake Gopto is influenced by a
variety of factors, one of them being the management of the
catchment areas, which in total covers 1,408.21 km?>
Predominantly, the land in this region is used as arable land,
because of highly developed agriculture. The agricultural
use of the catchments provides considerable supplies of
organic matter and minerals. Residues of fertilizers as well

as various types of wastewater (domestic, municipal and
industrial) have a high effect on surface water quality. Table
4 shows the results of the analyses. The evaluation of chem-
ical pollution of Lake Gopto concentrations was based on
the following ions: N-NO;, N-NO,, and P-PO,, and miner-
als: Na, K, Ca, Mg, and Zn.

The increase in eutrophication is associated with higher
levels of nitrogen compounds, particularly nitrites. Nitrites
are considered to be hazardous compounds, because after
they enter the fish bloodstream, methemoglobin is formed,
which causes hypoxia and cyanosis. Furthermore, high
concentrations of these ions in water lead to bacterial dis-
eases in fish, affecting their gills and creating lesions [41].
Concentrations of nitrite nitrogen in the water from Lake
Gopto ranged from 0.012 (in September) to 0.057 mg N-
NO,-dm™ (in November). The values obtained were similar
to those published by Sroka [42] who examined the water
quality of Lake Swidwie (0.026-0.066 mg-dm®) and by
Sojka et al. [43], who analyzed the water in the Mata Wetna
River (0.02-0.04 mg-dm?).

The three-month study of the water from Lake Gopto
indicated that the value of nitrate nitrogen concentrations
changed greatly (0.09-1.888 mg N-NO;-dm®). A slightly
higher range (0.118-3.453 mg-dm*) was determined in the
water of Lake Swidwie, analyzed by Sroka [42]. An
increased concentration of N-NO, and N-NO; observed in
October and November can be explained by the reduced
intake of nitrogen by plants and the decomposition of organ-
ic matter (leaves), which is an additional source of nitrogen.

One of the main indicators of eutrophication in lake
waters is phosphorus. Even small amounts of this element
(from the continuous release of dead and living plant and ani-
mal organisms) can act as building blocks of a new organic
matter. However, the more phosphorus in the surface water,
the more biomass from dying plants and animals that can
cause an oxygen deficit, which in turn can lead to loss of life
in the biotope [42]. The concentration of orthophosphate in
the water surface layer of Lake Goplo was not very diverse
(0.17-0.2 mg PO;-dm™). Similar values of phosphate ions

Table 4. Average content of select chemical parameters obtained in the water of Lake Gopto.

Data of collecting samples
Parameteirs September October November
(mg-dm")
Mean+SD Mean+SD Mean+SD

Sodium 29.05*0.87 28.34°+0.56 27.16¢+0.66
Potassium 4.23+0.21 4.3540.17 6.20"+£0.92
Magnesium 20.86+1.52 20.77°+0.49 26.79°+0.49
Calcium 54.88+4.52 53.75a+2.18 70.38"+3.69
Zinc 0.04+0.01 0.04+0.00 0.05+0.001
N-NO, 0.012*+0.005 0.049°+0.004 0.057>+0.003
N-NO; 0.090°+0.004 0.202°+0.13 1.888°+0.11
P-PO; 0.17+0.03 0.20+0.07 0.17+0.04
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were obtained by Derylo et al. [44], who carried out research
in the hydrobiological dam reservoir in Przeczyce. The con-
tent of PO} in the water was 0.178 to 0.23 mg-dm”. A slight-
ly lower content of orthophosphate was determined by
Brucka-Jastrzgbska et al. [31] in the waters from the Polish
West Pomeranian Province. Lake Goptlo is situated near
Kruszwica, which influences the level of phosphates in its
waters. There are two large factories in the town (producing
fat and sugar). As the analyses indicated, urban, agricultural,
and industrial development cause pollution in waters, which
is linked with the increase of phosphorus concentrations [45].

In the waters of Lake Gopto, the concentration of min-
erals was analyzed. Large amounts of sodium were deter-
mined in the first month of the study (September) (29.05
mg-dm™), and the lowest were recorded in the last month
(27.16 mg-dm?). The highest concentration of potassium
was determined in the water sampled in November. A
slightly higher range of both minerals was determined by
Sojka et al. [43], 21.8-38.7 for Na, and 8.6-12.3 mg-dm” for
K. The course of changes in calcium and magnesium in the
analyzed period from September to November was similar.
The highest and statistically significant contents of both
ions were obtained in the last month of research. The con-
centration of magnesium did not exceed 26.79 mg-dm™, and
the concentration of calcium did not exceed 70.38 mg-dm™.
These values were higher than those obtained in the waters
from the Polish West Pomeranian Province [31] and in the
water from Lake Gitwa [46].

Other compounds occurring in surface waters are heavy
metals. Most of them are essential for the proper function-
ing of the body, while others are toxic. The relationship
between the accumulated amount of metal and its toxicity
depends not only on the physico-chemical properties, but
also on the individual defensive mechanisms of the body.
The average concentrations of zinc in the waters from Lake
Gopto ranged from 0.04 to 0.05 mg-dm?). These values did
not exceed the requirements for inland waters in which wild
fish live [47].

Conclusions

1. Statistically significant differences in the content of all
metals (except for Zn) between muscle tissue and gills
were calculated. Higher concentrations of Na, Ca, and
Fe occurred in gills, whereas lower amounts of K, Mg,
and Zn were observed in gills.

2. The analyses of the correlation between the metal con-
centration in the meat and body length of fish show that
bioaccumulation of Na, K, Mg, and Zn decreased as
fish body length increased.

3. The values of analyzed metals in surface waters did not
exceed the requirements for inland waters in which wild
fish live.

References

1.  YILMAZ AB., SANGUN MXK. YAGLIOGLU D.,
TURAN C. Metals (major, essential to non-essential) com-

10.

11.

12.

13.

14.

15.

position to the different tissues of three demersal fish species
from Iskenderun Bay, Turkey. Food Chem. 123, 410, 2010.
JARIC L, VISNIIC-JEFTIC Z., CVIJANOVIC G., GACIC
Z., JOVANOVIC L., SKORIC S., LENHARDT M.
Determination of defferential heavy metal and trace element
accumulation in liver, gills, intensine and muscle of sterlet
(Acipenser ruthenus) from the Danube River in Serbia by
ICP-OES. Microchem. J. 98, 77, 2011.

UYSAL K., EMRE Y., KOSE E. The determination of
heavy metal accumulation ratios in muscle, skin and gills of
some migratory fish species by inductively coupled plasma-
optical emission spectrometry (ICP-OES) in Beymelek
Lagoon (Antalya/Turkey). Microchem. J. 90, 67, 2008.
LIDWIN-KAZMIERKIEWICZ M., POKORSKA K., PRO-
TASOWICKI M., RAJKOWSKA M., WECHTEROWICZ
Z. Content of selected essential and toxic metals in meat of
freshwater fish from west Pomerania, Poland. Pol. J. Food
Nutr. Sci. 59, (3), 219, 2009.

LUCZYNSKA J., TONSKA E., LUCZYNSKI M.J.
Essential mineral components in the muscles of six fresh-
water fish from the Mazurian Great Lakes (northeastern
Poland). Arch. Pol. Fish. 17, 171, 2009.

AGAH H., LEERMAKERS M., ELSKENS S., FATEMI
S.M.R., BAEYENS W. Accumulation of trace metals in the
muscle and liver tissues of five fish species from the Persian
Gulf. Environ. Monit. Assess. 157, 499, 2009.
LUCZYNSKA J., BRUCKA-JASTRZEBSKA E.
Determination of heavy metals of some fish species from
lakes of the north-eastern Poland. Pol. J. Food Nutr. Sci.
15/56, (2), 141, 2006.

YILMAZ A.B., YILMAZ L. Influences of sex and seasons
on levels of heavy metals in tissues of green tiger shrimp
(Penaeus semisulcatus de Hann, 1844). Food Chem. 101,
1664, 2007.

POURANG N. Heavy metal bioaccumulation in different tis-
sues of two fish species with regards to their feeding habits
and trophic levels. Environ. Monit. Assess. 35, 207, 1995.
KLAVINS M., POTAPOVIES O., RODINOV V. Heavy
metals in fish from lakes in Latvia: Concentrations and
trends of changes. Bull. Environ. Contam. Toxicol. 82, 96,
2009.

SZEFER P., DOMAGALA-WIELOSZEWSKA M., WAR-
ZOCHA J., GARBACIK-WESOLOWSKA A., CIESIELS-
KI T. Distribution and relationship of mercury, lead, cadmi-
um, copper and zinc in perch (Perca fluviatilis L.) from the
Pomeranian Bay and Szczecin Lagoon, southern Baltic.
Food Chem. 81, 73, 2003.

PROTASOWICKI M., CIERESZKO W., PERKOWSKA
A., CIEMNIAK A., BOCHENEK I, BRUCKA-
JASTRZEBSKA E. Heavy metals and chlorinated hydro-
carbons in some species of fish from the Odra River. Annals
of Environ. Protect., IX, 1, 2007 [In Polish].
RAJKOWSKA M., WECHTEROWICZ Z., LIDWIN-
KAZMIERKIEWICZ M., POKORSKA K., PROTASOW-
ICKI M. Accumulation of selected metals in roach (Rutilus
rutilus L.) from west Pomeranian Lakes. Ecol. Chem.
Engin. 15, (1-2), 119, 2008.

VOIGT H.R. Concentration of mercury and cadmium in perch
(Perca fluviatilis L.), rufte (Gymnocephalus cernuus L.), three-
spined stickleback (Gasterosteus aculeatus L.) and nine-spined
stickleback (Pungitius pungitius L.) from south-west Finnish
Coastal waters. Acta Univ. Carol. Environ. 21, 151, 2007.
HELCOM. Guidelines for the Baltic Monitoring
Programme for the third stage — C. Harmful substances in
biota and sediments. Baltic Environ. Proceed. 27C, 1, 1988.



1038

Stanek M., et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Journal of Laws. Regulation of Minister of the Environment
from 2.06.2009 about forms and methods of monitoring of
surface water and groundwater. No. 81 item 685, 2009.
PN-EN 13805/2003 — Food products. Determination of the
trace elements. Mineralization under pressure [In Polish].
PN-EN 15505/2009 — Food products. Determination of the
trace elements. Enclosure B about calcium determination [In
Polish].

PN-EN 14084/2004 — Food products. Determination of trace
elements — Determination of lead, cadmium, zinc, copper
and iron by atomic absorption spectrometry (AAS) after
microwave mineralization [In Polish].

PN ISO 9964-1/1994 — Water quality. Determination of
sodium and potassium. Determination of sodium by atomic
absorption spectrometry [In Polish].

PN-ISO 9964-2/1994 — Water quality. Determination of
sodium and potassium. Determination of potassium by
atomic absorption spectrometry [In Polish].

PN-EN ISO 7980/2002 — Water quality. Determination of
calcium and magnesium. Atomic absorption spectrometry
[In Polish].

PN-EN 26777/1999 — Water quality. Determination of
nitrite. Molecular absorption spektrometry [In Polish].
PN-82 C-04576/08 — Analyses of the nitrogen compounds
content. Determination of the nitrate nitrogen by the colori-
metric method with sodium salicylate [In Polish].

PN-73 C-04537 — Determination of soluble orthophosphates
by the colorimetric method using ammonium molybdate and
tin(I) chloride as a reducing agents [In Polish].

STANISZ A. Clear statistics course using STATISTICA PL
with the examples from medicine. Wyd. StatSoft Polska,
Krakéw 2006 [In Polish].

MALIK N., BISWAS A K., QURESHI T.A., BORANAK.,
VIRHA R. Bioaccumulation of heavy metals in fish tissues
of a freshwater lake of Bhopal. Environ. Monit. Assess. 160,
267, 2010.

PROTASOWICKI M. Sex effects on Cd, Pb, Cu and Zn
contents in selected fish organs. Batlic Environ. Proceed. 19,
433, 1986.

STANEK M., JANICKI B., KUPCEWICZ B. Content of
selected heavy metals in the organs of fish from the Lake
Znin Duze. Folia Biol. 53, 115, 2005.

TEKIN-OZAN S., KIR 1. Comparative study on the accu-
mulation of heavy metals in different organs of tench (Zinca
tinca L. 1758) and plerocercoids of its endoparasite Lingula
intestinalis. Parasitol Res. 97, 156, 2005.
BRUCKA-JASTRZEBSKA E., KAWCZUGA D,
RAJKOWSKA M., PROTASOWICKI M. Levels of
microelements (Cu, Zn, Fe) and macroelements (Mg, Ca) in
freshwater fish. J. Element. 14, (3), 437, 2009.

JONSSON M., PART P. Mechanisms of development of tol-
erance to heavy metals in epithelial gill cells of rainbow
trout (Oncorhynchus mykiss). Mar. Environ. Res. 46, 605,
1998.

DURAL M., LUGAL GOKSU M.Z., AKIF OZAK A.,
DERICI B. Bioaccumulation of some heavy metals in dif-

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

ferent tissues of Dicentrarchus labrax L, 1758, Sparus aura-
ta L, 1758 and Mugil cephalus L, 1758 from the Camlik
Lagoon of the eastern cost Mediterranean (Turkey).
Environ. Monit. Assess. 118, 65, 2006.
BRUCKA-JASTRZEBSKA E., PROTASOWICKI M.
Levels of selected metals In tissues and organs of 5-month-
old carp (Cyprinus carpio L.). Acta Sci. Pol. Piscataria. 5,
(2), 3, 2006.

BEGUM A., NURUL AMIN MD., KANECO S., OHTA K.
Selected element al composition of the muscle tissue of
three species of fish, Zilapia nilotica, Cirrhina mrigala and
Clarius batrachus, from the fresh water Dhanmondi Lake in
Bangladesh. Food chem. 93, 439, 2005.
SZULKOWSKA-WOJACZEK E., MAREK J., DOBICKI
W., POLECHONSKI R. Heavy metals in pond environ-
ment. Zeszyty Naukowe Akademii Rolniczej we
Wroctawiu, 218, 7, 1992 [In Polish]

SOBCZYNSKI T., ELBANOWSKA H., ZERBE 1.,
SIEPAK J, ANDRZEJEWSKI W., MASTYNSKI J.
Bioaccumulation of heavy metals in fish of the lakes of the
Wielkopolska National Park. Morena. 3, 111, 1995.
CANLI M., ATLI G. The relationship between heavy metal
(Cd, Cr, Cu, Fe, Pb and Zn) levels and the size of six
Mediterranean fish species. Environ. Pollution. 121, 129,
2003.

KLJAKOVIC GASPIC Z., ZVONARIC N., VRGOC N.,
ODZAK N., BARIC A. Cadmium and lead in selected tis-
sues of two commercially important fish species from the
Adriatic Sea. Water Res. 36, 5023, 2002.

ALLEN-GIL SM., MARTYNOV V.G. Heavy metal bur-
dens in nine species of freshwater fish and anadromous fish
from the Pechora River, northern Russia. Sci. Total Environ.
160/101, 653, 1995.

BIENIARZ K., EPLER P. Impact of nitrite on fish. Komun.
Ryb. 1, 27, 1994.

SROKA E. Forms of nitrogen and phosphorus in Swidwie
Lake in 2004. Proccedings of ECOpole. 2, 393, 2008.
SOJKA M., SIEPAK M., ZIOLA A., FRANKOWSKI M.,
MURAT-BLAZEJEWSKA S., SIEPAK J. Application of
multivariate statistical techniques to evaluation of water
quality in the Mata Wetna River (Western Poland). Environ.
Monit. Assess. 147, 159, 2008.

DERYLO A., KOSTECKI M., SZILMAN P. The hydrobio-
logical reserches of Przeczyce dam-reservoir (Czarna
Przemsza River) Part I. Hydrochemical factors of water
quality. Arch. Environ. Protection. 26, 67, 2000 [In Polish].
SOLSKI A. Definition of acceptable concentrations of phos-
phorus compounds in waters intended for aquaculture carp
with the reasons for the proposed size. Zesz. Nauk. AR
Wroctaw. 1992 [In Polish].

GROCHOWSKA J., TANDYRAK R. Water chemistry of
Lake Gitwa. J. Element. 15, (1), 89, 2010.

Journal of Laws. Regulation of Minister of the Environment
from 4.10.2002 r. on the requirement for inland waters
which is the habitat of wild fish. No. 176, item 1455, 2002
[In Polish].



