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Abstract 

This paper presents the results of studies of the levels of heavy metals, organochlorine pesticides (OCPs) 
and polychlorinated biphenyls (PCBs) in the gonads of pikeperch females from the Szczecin, Vistula and 
Curonian lagoons. 

This study determined that the levels of heavy metals such as Zn, Cu, Pb and Cd and those of organoch-
lorine pesticides and polychlorinated biphenyls occur in pikeperch gonads in different quantities depending 
on the region studied. The highest level of zinc was recorded in pikeperch gonads from the Szczecin Lagoon, 
and the highest levels of copper were noted in those from the Vistula Lagoon. The highest levels of S HCH 
occurred in the gonads of Vistula Szczecin pikeperch. 

Keywords: Szczecin Lagoon, Vistula Lagoon, Curonian Lagoon, pikeperch, female gonads, heavy metals, 
DDT, PCB, HCH. 

Introduction 

The progressive degradation of the aquatic environ-
ment is evidenced by many factors; two of them are elev-
ated levels of heavy metals and the occurrence of agricul-
tural chemicals. Heavy metals, those metabolic elements 
with an atomic weight over 20 [10, 18], play a role in the 
balanced cycle of elements in nature. The rapid develop-
ment of industry and other areas of the economy have 
disrupted this balance. Agricultural chemicals reach 
water basins in the form of organochlorine pesticides, 
and industry is the source of polychlorinated biphenyls 
contamination. 

The heavy metals which are recognized as especially 
dangerous are: cadmium, copper, zinc and lead. If there 
is an excess of these elements in the aquatic environment, 
then fish, one of the more important links in the food 
chain, are forced to take part in the cycle of these metals. 
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The occurrence of heavy metals and agricultural chemi-
cals in the aquatic environment and their bioaccumula-
tion in organisms at various trophic levels has been the 
subject of numerous publications. For example, Aoyama 
et al. [2] reported that the size of the food ration deter-
mines the level of metals in the fish. Chodyniecki et al. [4] 
addressed the dependence between heavy metal contami-
nation in the environment and the levels of their accumu-
lation in a study on mercury levels, and Protasowicki [17] 
did so with a study on copper and zinc levels. 

Protasowicki [18] studied the heavy metal levels in the 
muscles, liver, and stomach contents of herring, cod and 
flounder. He also studied the influence of fish sex on the 
level of heavy metals in the muscles, liver, and gonads. 
When a sex-related difference was detected, the higher 
heavy metal level was observed most frequently in male 
livers. He stated that the sex of fish had a significant 
influence on the levels of microelements in the livers and 
gonads. 

Some authors addressed the physiological differences 



 

 

between males and females and focused their studies on 
the impact that sex has on heavy metal levels. According 
to Deb and Santry [5], who conducted studies in sewage-
polluted areas in India, the levels of heavy metals in fish 
tissues are the highest in the liver, followed by the brain, 
the muscles, ovaries and bones. Marqez et al. [13] studied 
the levels of zinc, magnesium and copper in the muscles, 
livers and gonads of Notothenia coriiceps from the 
southern Shetland region. They reported that the 
concentration of these metals was the highest in the livers 
and gonads, and they noted a sex-dependent difference 
of heavy metal levels. The highest levels occurred in the 
livers of males and the gonads of females. 

A review of literature indicated that many papers 
have been published which are devoted to testing the 
levels of toxins such as petroleum-based compounds, 
ΣPCBs and ΣDDT in fish and their negative influence on 
development and reproduction processes. 

In their studies of aquatic environments polluted with 
petroleum-based compounds, Jacobsson et al. [9] and 
Jacobsson and Neuman [8] reported that the number of 
dead embryos in the ovaries of female eel might be an 
indicator of the pollution level. 

Mac and Schwartz [11] studied PCB levels in the ova-
ries of sea trout from Lake Michigan and the survival of 
embryos. They reported that as the levels of PCBs rose, 
so did the percentage of anomalous hatch. 

Mac et al. [12] also reported that there was a link 
between PCB levels in spawn and adult specimens and 
the mortality of sea trout eggs from the Great Lakes 
region. The embryos died in the period between fertiliz-
ation and hatching. 

In the available literature, no papers were found that 
focused on levels of heavy metals and pesticides in the 
gonads and internal organs of female and male pikeperch 
and the influence the accumulation of these elements has 
on the fecundity of females from the lagoons of the 
southern Baltic Sea. 

The aim of this work was to determine the levels of 
heavy metals, organochlorine pesticides and poly-
chlorinated biphenyls in the female gonads of pikeperch 
from the lagoons of the southern Baltic Sea and to com-
pare the contamination levels found in different regions. 

Materials and Methods 

During the pre-spawning season in March and April 
2000 material was collected for a study on the absolute 
fecundity of female pikeperch which spawn in the la-
goons of the southern Baltic. Of the 882 pairs of ovaries 
collected, 46 pairs of gonads were selected for the current 
study. They were slightly damaged and thus inappropri-
ate for use in the fecundity study (Tab. 1). These gonads 
were used to determine the levels of heavy metals and 
pesticides. 

Female specimens were selected from commercial 
catches, and those chosen had gonads in maturity stage 
IV according to the Maier scale. The total length of the 
studied females was 61-65 cm for the Szczecin and Vis-
tula lagoon specimens and 51-67 cm for the Curonian 

Lagoon specimens. The fish were measured to the near-
est 1 cm. Total fish weight was determined to the nearest 
10 g; its weight following gutting was also recorded. The 
ovaries were weighed to the nearest 1 g. The age of the 
specimens was determined from the scales. Directly after 
the analyses, the gonads were frozen and then stored at 
a temperature of -20°C. 

Table 1. Material collected in 2000. 
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Table 2. Heavy metals in the gonads of pikeperch females. 
 

 

Atomic absorption spectrometry (AAS) was used to 
determine the levels of heavy metals, while pesticides and 
PCBs levels were determined using gas chromatography. 

The samples were mineralized before determining the 
levels of heavy metals. This procedure was carried out in 
a Microwave Digestion System Model MDS-81D with 
concentrated nitric acid. Concentration measurements 
were taken using a Perkin-Elmer 1100B atomic absorp-
tion spectrometer and an HGA graphite oven. Zinc and 
copper concentrations were determined directly from the 
mineralized sample solutions using the ionizing flame 
method in an air- acetylene flame [1]. Cadmium and lead 
levels were determined with the flameless method in 
a graphite oven [1]. 

The accuracy and precision of the applied analytic 
methods were verified against certified reference ma-
terial CRM 422 that contained certified amounts of 
metals: Cd 0.017 ± 0.002 µg/g; Cu 1.05 ± 0.07 µg/g; Pb 
0.085 ± 0.015 µg/g; Zn 19.6 + 0.5 µg/g. The authors' re-
sults on the certified material were as follows: Cd 0.019 
± 0.0033 µg/g; Cu 0.99 ± 0.033 µg/g; Pb 0.075 ± 0.009 µg/g; 
Zn 20.1 ± 0.2 µg/g. 

Identifying organochlorine pesticides (α-HCH, β-
HCH, γ-HCH, HCB, p,p'-DDE, p,p'-DDD, p,p'-DDT) 
and polychlorinated biphenyls (PCB congeners: 28, 52, 
101,151,118,138,153 and 180) was conducted according 
to Sea Fisheries Institute (SFI) Research Laboratory pro-
cedure PB-10. This procedure was developed at the SFI 
based on recommendations from the United Nations En-
vironment Program (1984), Reference Methods for Mar-
ine Pollution Studies No. 14 (1982) and No. 4 (1988) and 
on European Norm EN 1526 1-4:1996. This method was 
accredited by the Polish Center for Research and Certifi-
cation in 1999 (accreditation certificate no. L 17/4/99). 

The above mentioned toxic compounds were identifi-
ed using capillary gas chromatography with electron cap-
ture detection. The gonad samples were ground and then 
freeze-dried and the lipids were extracted with hexane. 
These extracts were chemically cleaned-up with a mixture 
of sulfuric acid and 30% oleum. Blank samples were pre-
pared and taken into account during calculation of final 

results in the case of OCPs and PCBs as well as toxic 
metals. This method is verified annually in inter-labora-
tory calibrations; in Poland they are supervised by the 
Polish Department of Health and those of international 
scope - by the International Atomic Energy Agency in 
Monaco. 

Comparison of heavy metals, Σ DDT and Σ PCBs in 
the gonads of female pikeperch from chosen lagoons was 
carried out by means of ANOVA. The "post-hoc" test of 
least significant differences (LSD) was used to find out 
which average values calculated for studied lagoons were 
significantly different. 

Results 

Metals 

The levels of the heavy metals zinc, copper, lead and 
cadmium in the gonads of female pikeperch that spawn 
in the three southern Baltic Sea lagoons were studied. 
The results obtained varied depending on the study re-
gion (Tab. 2). The females studied measured between 
5 land 67 cm, and belonged to the V to VIII year classes. 
The gonads were collected during the same period of 
March to May, so that they were all in maturity stage IV. 
The range of the results from the few Curonian Lagoon 
samples is very wide; this was caused by the small number 
of samples. 

Zinc 

The data presented indicate that the highest level of 
this element was found in the gonads of females from the 
Szczecin Lagoon. The values ranged from 93.80 to 107.70 
µg/g w.w., with an average of 101.76 µg/g w.w. In the 
Vistula Lagoon, the gonads contained only from 70.93 to 
78.74 µg/g w.w., with an average of 73.92 µg/g w.w. The 
lowest zinc levels (after disregarding the two extreme 
levels) were found in the gonads of females from the 
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Fig. 1. Content of Zn in the gonads of pikeperch females in 
studied Lagoons. 

 

Fig. 2. Content of Cu in the gonads of pikeperch females in 
studied Lagoons. 

 

Fig. 3. Content of Σ HCH in the gonads of pikeperch females in 
studied Lagoons. 

Curonian Lagoon, with an average of 72.30 µg/g w.w. 
Analysis of variance proved that differences between the 
average content of zinc in the gonads of pikeperch from 
studied lagoons were significant (p < 0.01). Multiple com-
parison tests confirmed that results obtained for the 
samples from the Szczecin Lagoon were significantly 
higher than those of the Vistula Lagoon (p < 0.01) 
(Fig- 1). 

Copper 

The highest concentration of this element was found 
in the gonads of females from the Curonian Lagoon, at 
an average of 4.38 µg/g w.w. The average level of copper 
in the gonads of females from the Vistula Lagoon was 
4.29 µg/g w.w., while in those of females from the 
Szczecin Lagoon the average copper level was the lowest 
at 2.39 µg/g w.w. 

Significant statistical differences were observed for 
the Szczecin and Vistula Lagoons (p < 0.01), reaching 
higher values for the latter one (Fig. 2). 

Lead 

It was determined that the average amount of lead in 
the gonads of females from the Szczecin Lagoon was 
0.149 µg/g w.w. The lower level was found in the gonads 
of females from the Vistula Lagoon - 0.113 µg/g w.w., 
while the gonads of females from the Curonian Lagoon 
had an average lead content - 0.084 µg/g w.w. 

However, statistical analysis showed that these dif-
ferences were not significant. 

Cadmium 

The average cadmium content in the gonads of fe-
males from the Szczecin Lagoon was 0.0145 µg/g w.w. It 
reached 0.0260 µg/g w.w. in samples from the Vistula 
Lagoon, and 0.0210 µ/g w.w. in those from the Curonian 
Lagoon. 

However, same as it was in the case of lead, statistical 
analysis showed that these differences were not signifi-
cant. 

Organochlorine pesticides 

Analyzing results presented in Table 3, it can be ob-
served that the highest level of Σ DDT was found in the 
gonads of females from the Vistula Lagoon. It ranged 
from 115.13 to 147.61 µg/kg w.w., with an average of 
128.03 µg/kg w.w. The least varied results were obtained 
from the Szczecin Lagoon samples - from 92.53 to 102.99 
µg/kg w.w., with an average of 98.42 µg/kg w.w. The 
average from the Curonian Lagoon was 64.45 µg/kg w.w. 
This was the lowest result obtained in the study of Σ 
DDT levels. 

However, it should be stated that statistical analysis of 
obtained Σ DDT results proved that the differences be- 

Kosior M. et al.130 



 

Table 3. Organochlorine pesticides in female pikeperch gonads. 

 
Notes: 
1. Each result is the arithmetic average of two parallel determinations 
2. Organochlorine pesticide contents are expressed in mg/kg fat [ppm]; sum total of HCH and DDT is also presented in µg/kg wet weight 

[ppb]. 
3. Heptachlor levels were confirmed to be at the limit of detection at 0.0001 mg/kg fat. 

tween studied lagoons were not significant. In the case of 
2 HCH the highest average value (4.23 µg/kg w.w.) was 
found in the samples from the Szczecin Lagoon, lower 
(3.69 µg/kg w.w.) in these from the Vistula Lagoon, and 
the lowest (1.38 µg/kg w.w.) in the case of the Curonian 
Lagoon. Differences were statistically significant (p 
< 0.0001) for all the lagoons. It was observed that Σ HCH 
values were lower for eastern lagoons (Fig. 3). 

Polychlorinated Biphenyls 

The highest Σ PCB content was found in the gonads 
of females from the Vistula Lagoon, with an average of 
92.67 ug/kg w.w. The Σ PCBs level was lower for the 
Szczecin Lagoon - from 61.65 µg/kg w.w. to 76.29 µg/kg 
w.w., with an average of 67.24 µg/kg w.w. The lowest 
average value of 42.60 µg/kg w.w. was obtained for the 

Table 4. Polychlorinated biphenyl levels in female pikeperch gonads. 

 
Notes: 
1. Each result is the arithmetic average of two parallel determinations 
2. Results of PCBs content are expressed in mg/kg fat [ppm]; sum total is also given in mg/kg wet weight [ppb]. 
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Curonian Lagoon (Tab. 4). However, it should be em-
phasized that statistical analysis of obtained 2 PCBs re-
sults proved that the differences between studied lagoons 
were not significant. 

Discussion 

The comparison of the levels of heavy metals (Zn, Cu) 
and toxic substances Σ HCH in the gonads of pikeperch 
females from the three regions indicates that the amounts 
of heavy metals and pesticides differ according to region. 

The contents of zinc in the gonads of pikeperch fe-
males from the Szczecin Lagoon are the highest, while the 
samples from the Vistula Lagoon had the highest content 
of copper. However, the gonads of females from the 
Curonian Lagoon had similar levels of zinc as those from 
the females from the Vistula Lagoon did. The specimens 
from the Curonian Lagoon were in second position with 
regards to levels of copper. 

With regard to levels of Σ HCH, the first position was 
taken by the female gonads from the Szczecin Lagoon, 
followed by those from the Vistula Lagoon, and the 
Curonian Lagoon. 

No publications in the literature were found which con-
tained data regarding the levels of heavy metals in the 
gonads of female pikeperch. However, there are data, 
published by Polak-Juszczak [15], regarding the levels of 
heavy metals in the muscle tissues of pikeperch from the 
Vistula Lagoon. When these data were compared to the 
average values of heavy metals in the gonads of female 
pikeperch from the same lagoon, it was revealed that the 
zinc content in the gonads was almost 18-fold higher than 
in the muscle tissue. For the purpose of comparison, Table 
5 presents the results of the study by Protasowicki [18] 
regarding the levels of heavy metals in the muscle tissues 
and in the female gonads of cod and flounder. Admittedly, 
this is a comparison between marine and diadromous 
fishes; however, the authors wanted to compare the pro-
portions of heavy metals in muscle tissue and gonads. It 
was revealed that zinc levels in the female cod gonads are 
almost ten-fold higher than those in muscle tissues, while 
in flounder this level was only four-fold higher. This most 
probably results from inter-species differences. 

As Protasowicki [18] reported, in the case of essential 
elements such as copper and zinc, significant accumulation 
of these elements takes place in internal organs which per-
form important life functions, such as the gonads. Accord-
ing to Protasowicki, female gonads from cod contained 
higher levels of copper and zinc, while those of the males 
had higher cadmium levels. This was also the case with 
common bream; the female gonads had high levels of cop-
per and zinc, while the male gonads contained more cad-
mium and lead - elements recognized as highly toxic. 

Data on the content of Σ DDT and Σ PCBs in 
the muscle tissue of different species of fish from the Vis-
tula Lagoon (Tab. 6) were chosen from the Baltic 
resources monitoring program conducted in the year 
2000 [3]. This data were compared with those obtained 
from the study of the gonads of pikeperch females 
from the same lagoon. It was revealed that the content 
of toxic substances in the pikeperch gonads was 
several-fold higher than those found in the fish muscle 
tissues. It must be emphasized that the high values of 

Σ PCBs in food and environmental samples are linked 
with the occurrence in these samples of dioxins and 
furans [14]. During the study on dioxins, a dependence 

Table 5. Heavy metal levels in the muscle tissue of different fish 
species [µg/g w.w.]. 

*[15] 
** Authors' own data, 2000 
*** [17] 

Table 6. Content of Σ DDT and Σ PCBs in muscle tissues of 
Vistula Lagoon fish. 
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was noted between the total content of seven indicative 
PCB congeners (28, 52, 101, 118, 153, 138 and 180) (Tab. 
4) and the content of dioxins and furans. Based on these 
results, the European Union Commission of Experts ac-
cepted the theory that by knowing the value of Σ PCBs in 
food and their chromatographic profile, the level of diox-
ins contamination can be evaluated with a certain degree 
of probability. A so-called "intervention level" was estab-
lished, according to which testing of dioxins and diox-in-
like substances should be conducted in all food 
samples in which the total content of all seven indicative 
congeners is higher than 0.1 mg/kg fat. The samples of 
female pikeperch gonads tested in the current study 
showed a Σ PCBs content ranging from 0.309 to 1.73 
mg/kg fat. This means that all the samples should be 
qualified for testing the levels of dioxins and furans. 

It is well known that organochlorine compounds, es-
pecially PCBs and dioxins, disrupt the reproductive sys-
tems of both humans and animals and result in a lesser 
ability to procreate by damaging newly forming cells, 
lowering immunological responses, and negatively im-
pacting developing fetuses [6, 7]. It follows that accumu-
lated organochlorine compounds in the gonads of 
pikeperch could have a negative impact on the reproduc-
tion of this species as well as on the condition of its 
young. The data given in Table 4 (after disregarding the 
two extreme values of Σ PCBs from the Curonian La-
goon) indicate that the highest average level of Σ PCBs 
was observed in the gonads of females from the Vistula 
Lagoon (1.017 mg/kg fat), followed by those from the 
Szczecin Lagoon (0.8306 mg/kg fat). In the Curonian La-
goon, the average level was only 0.4791 mg/kg fat; this 
was still, however, almost five-fold higher that the pro-
posed "intervention level". It is not known to what extent 
exceeding this limit is harmful to fish. 
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