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and the liver of the same species were statistically highly significant. The gills of bream 
contained the highest amounts of copper (3.09 µg g·1

), whereas the gills of roach contained 
the smallest amounts (1.99 µg g·1); the liver of perch contained the most (5.72 µg g·1) and the 
liver of roach the least copper (4.88 µg g·1

). 

Table 2. The content of heavy metals (in pg g·' wet weight) in muscles (A), gill s (B) and liver (C) of 
fish from Lake Gardno (X - mean value, S - standard deviation, x'"'"' x'"" - minimum and maximum 

values) 

Metals Indicator Bream Roach Perch 

A B C A B C A B C 

X 0.39 3.09 5.32 0.46 1.99 4.88 0.43 2.48 5.72 

Cu s 0.06 0.28 1.04 0.08 0.37 0.95 O.IO 0.21 1.54 

Xmin 0.25 0.87 1.73 0.38 072 1.83 0.30 0.64 2.06 

Xmax 0.58 5.11 9.22 0.63 4.24 904 0.62 4.35 9.59 

X 0.044 0.085 O. I 19 0.033 0.061 0.108 0.038 0.082 0.103 

Cd s 0010 0017 0.033 O.Ol I 0.015 0.025 0.006 0.018 0.032 

Xmin 0.019 0.046 0075 0.007 0.039 0078 0.002 0.051 0.045 

Xmax 0070 O 130 0.152 0.060 0.89 0.134 0.069 O 120 0.168 

X ·0_29 1.29 1.74 0.45 0.80 1.45 0.24 0.88 1.61 

Pb s 0.07 0.31 0.42 0.05 O. 18 0.36 0.09 0.17 0.15 

Xmin O. 18 0.68 0.78 0.21 0.47 0.96 0.09 0.34 1.06 

Xmax 0.46 2.06 3.03 0.70 I. 18 2 Ol 0.38 1.37 2.08 

X 0.21 0.75 1.27 0.16 0.55 0.89 0.24 0.66 1.20 

Mn s 0.08 O.JO 0.27 0.04 0.10 0.31 0.05 O.J 1 0.23 

Xmin 0.04 0.15 0.56 0.07 0.24 0.52 0.09 0.25 0.67 

Xm ax 0.41 1.20 120 0.29 0.81 118 0.41 0.92 1.72 

X 4.47 14.39 23.55 5.84 11.87 23.93 3.98 10.55 17.31 

Zn s 0.65 2.06 3.62 0.84 1.45 4.36 0.81 1.28 2.28 

Xmin 2.85 9.92 12.60 3.79 9.58 19.57 2.03 8.26 14.92 

Xm ax 7.88 23.57 30.25 8.02 13.64 26.94 5. 16 13.07 20.18 

X 5.35 38.84 57.38 6.31 24.56 45.72 5.51 30.91 49.84 

Fe s 0.47 5.51 11.31 0.54 1.87 3 06 0.51 2.89 4.08 

Xmin 1.66 13.23 25.48 1.52 9.22 20.52 0.95 10.24 16.71 

Xmax 9.31 65.11 82.17 9.85 45.80 68.41 8.85 54.05 87.54 
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Table 5. Correlation coeffi cients between concentration of respective metals in organs of studied fish 
(p=0.001) 

Metals Muscles Gills Liver Metals Muscles Gills Liver 

Cu/Cd -0.732 -0.866 -0.860 Cd/Fe 0.460 0.652 0.612 

Cu/Pb 0.906 -0.816 -0.373 Pb/Mn 0.647 0.044 0.419 

Cu/Mn 0.689 -0.133 -0.286 Pb/Zn 0.603 0.844 -0.538 

Cu/Zn 0.723 -0.802 -0.831 Pb/Fe -0.820 0.777 0.625 

Cu/Fe -0.872 -0.719 -0.870 Mn/Zn 0.462 O.OSO 0.296 

Cd/Pb -0.587 0.744 0.711 Mn/Fe -0.341 0.073 0.193 

Cd/Mn -0.431 0.314 0.161 Zn/Fe -0.706 0.637 0.494 

Cd/Zn -0.322 0.740 0.842 

and the liver were shown by Falandysz [7]. The statistical analysis does not give the reason 
for univocal opinion on interactions in which those metals might participate in fish, but it 
may suggest that during accumulation one metal may be accompanied by others under 
favorable circumstances. 

Table 6. Correlation coeffi cients (r) between the content of a metal in gill s (Mc) and its content in 
muscles (Mem) and in liver (Mew) 

Mem Mew 

cu. 0.875** 0.925** 

ca, 0.437* 0.932** 

Pbs -0.702** 0.860** 

Mn. -0.003* -0.377* 

z-, -0.720** 0.309* 

Fes 0.598** 0.629** 

**p = 0.001, *p = 0.05 

Fish gills are the organ through which water constantly passes, together with metals 
that are contained in it. They are just one of the organs, through which metals can penetrate 
into fish organism. Because of this, the relationship between the concentration of studied 
metals in gills and their content in muscles and the liver was examined. Table 6 shows 
calculated correlation coeffi cients. A positive, statistically significant correlation on the 
significance level of0.001 for muscles was received for copper and iron and on significance 
level of 0.05 for cadmium. That means that accumulation of those metals in muscles is 
probably related to their content in gills. A similar situation was determined for copper, 
cadmium, lead and iron in the liver; that means that the presence of those metals in gills has 
a real effect on their contents in the liver. 
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