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CONTENT OF HEAVY METALS IN LIVERS,
KIDNEYS AND MUSCLES OF GAME IN SOUTH-WEST POLAND

Concentrations of mercury, cadmium and lead in livers, kidneys and muscles of red deer, roe deer, wild boar
and hare collected in industrial and non-industrial regions of Lower Silesia, Poland, during the hunting seasons
1995-1996 and 1996-1997 are reported. In industrial areas, percentage of samples containing specific heavy
metals in concentrations exceeding their admissible levels is higher than that in non-industrial areas. Selected
organs of the game accumulate heavy metals whose concentrations are species-dependent. In the examined
organs of the game from non-industrial regions, the highest level of mercury is determined in hare kidneys, and
the lowest — in roe deer liver. The highest concentrations of cadmium are accumulated in red deer kidneys, and
the lowest — in roe deer liver, while lead shows the highest levels in roe deer liver, but the lowest in red deer
liver. The calculated accumulation index in industrial and non-industrial areas proves that in the case of hare the
largest accumulations of mercury and cadmium occur in kidneys, while those of lead and chromium in liver. This
preliminary research confirms the assumption that selected organs of some game may reflect environmental
contamination, thus they can be recognized as bioindicators.

1. INTRODUCTION

For last few decades the pollution of natural environment has enormously in-
creased, posing a real danger to human and wildlife health or even life. Since free-
living animals are totally integrated with environment, some of their tissues and or-
gans can be recognized as bioindicators [1]-[20]. The content of heavy metals in the
livers, kidneys and muscles of the game is analysed not so often as in domestic animal
organs although some game like deers, wild hogs or small game are essential in hu-
man diet in some countries [15], [21], [22].

2. MATERIAL AND METHODS

Samples from 12 red deer, 23 roe deer, 17 wild boars and 46 hares were collected
in three hunting districts situated in industrial (I) and non-industrial (NT) regions of
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Lower Silesia, Poland, during the hunting seasons 1995/96 and 1996/97. Location of
hunting districts of interest was precisely indicated earlier [20].

The samples collected and placed in tight, aseptic polyethylene bags were stored
in refrigerator at —273 °C before analysis. After unfreezing, ca 1 g of each sample was
homogenized and analysed for cadmium, lead and mercury.

In order to evaluate heavy metal concentrations, small amounts (0.2 g) of each sample
were decomposed in concentrated HNOs (2.5 cm’) under the pressure of 3000 kPa in
teflon vessels at 130 °C according to STOEPPLER and BACKHAUS method [23]. In homo-
geneous samples, the water content was measured (24 h, 105 °C). Total mercury was
measured by the method of atomic absorption spectrophotometry (AAS Perkin-Elmer
2280) after its reduction to elemental mercury. The other elements were detected by means
of Perkin-Elmer 5000 spectrophotometer equipped with graphite furnace.

The accuracy of the analytical methods involving 6 homogeneous replicates of the
same sample was 9.2 and 13.6 %, as the coefficient of variation. The accuracy was
tested in two intercalibration exercises.

3. RESULTS AND DISCUSSION

The results of analyses are presented in tables 1-9 and compared with the results
obtained for other parts of Poland as well as for industrial and non-industrial areas of
other countries. Our results are compatible with the results published by other authors
(3], [4], [6]-(10], [21].

Accumulation of heavy metals depends not only on game species, but also on or-
gans and tissues of animals tested. Of course, accumulation of heavy metals in various
organs and tissues of animals substantially depends on contamination of environment
(tables 10-12).

In non-industrial regions of Lower Silesia, the highest concentration of mercury
was stated both in big and small game kidneys. The highest individual value of the
mercury content was measured in hare kidneys, both in industrial and non-industrial
regions (tables 2 and 7).

The accumulation index I,= C;/Cni, where C; denotes an average content of ele-
ment in the same organ in an industrial area, and Cyi the same value but in non-
industrial area, proves that the highest concentrations of mercury and cadmium as
well as lead and chromium occur in hare’s kidney and liver, respectively (table 12).

Comparative studies of the content of mercury in roe deer kidneys from non-
industrial regions of south-west Poland and from formerly industrially active region
of Italy (Tuscany, closed down mercury mines and smelters) have shown that the
content of mercury in the samples from the region with naturally high level of mer-
cury in environment exceeds over 3.3 times the content of mercury from Polish sam-
ples. This proves decisively that the roe deer can be recognized as a good bioindicator
of contamination of environment with mercury (table 1).




Heavy metals in organs of game 33

Table 1

Mercury, cadmium and lead concentrations in roe deer kidneys (in mg/kg of wet weight)

Hg Cd Pb
Reference
n x SD R n x SD R- n x SD R
ND 0.264 ND This paper
18 0030 0.033 543, 16 0381 0351 _ g5 18 0218 0198 o000 potand NI
0.012 0.024 0.019 This paper
18 0.100 0.164 ~0.627 18 0374 0300 ~1.140 18 0.049 0.034 ~0.145 Italy, I
0.006 0.062 0.05 [6], NI
10 0.036 0.032 ~0.069 8 15 1.3 230 10 0.140 0.09 ~0370 Poland
10 1775 10 030 o
Germany
10 447 10 090 91,1
Germany
0.359 0.06 [4], NI
182 429 —o11s 8 162 3112 Slovenia
0.205 0.05 (4].1
60 3.118 9145 %0 131 -8.55 Slovenia
77 2.8 2.8 2
Norway
0.125 0.07 [21], NI
60 1.422 -3.196 GO 16 -0.97 Poland

n - total number of samples, x — mean value, SD - standard deviation, R — range, NI - non-industrial region, I — industrial region,
ND - not determined.

Table 2

Mercury, cadmium and lead concentrations in roe deer livers (in mg/kg of wet weight)

- Reference
n x SD R n x SD R n x SD R
ND 0.073 ND This paper
230011 0018 _g4p 23 0351 0308 ;5 22 0146 0163 0 b
0.002 0.040 0.030 [6], NI
10 0011 0009 ;5,10 0087 0044 oo 10 009 005 oo Dt
10 021 10 026 [°1, NI
Germany
10 0.77 10 042 (9.1
Germany
0.033 0.05 [4], NI
380232 Z0igsa b O 328  Slovenia
0.027 0.05 [4],1
64 1275 7,108 64 096 785  Slovenia
35 019 35 0.05 7).
Germany
0.38 : . [8L1
B Geinsany
77 04 0.5 " D
Norway
60 0240 0.027 60" 0.12 0.02 [21], NI

-0.766 -0.35 Poland
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Table 3
Mercury, cadmium and lead concentrations
in roe deer muscles (in mg/kg of wet weight)
Hg Cd Pb
Reference

n £3 SD R n X SD R n X SD
14 0.009 0.009 ND 14 0204 0.100 0.095 13 0.034 0.050 ND  This paper

-0.029 -0.411 —0.176 Poland, NI
59 0.001 0.000 99 0.009 0.010 0.005 99 0.170 0.340 0.020 [6], NI
-0.004 —0.064 -2.600 Poland
38 0.008 0.003 38 0.66 0.05 [4], NI
-0.084 -16.46  Slovenia
65 0.029 0.027 65 0.31 0.05 [4],1
-7.198 -7.76 Slovenia
60 0.013 0.003 60 0.08 0.02 [21], N1
-0.075 -0.20 Poland
Table 4

Mercury, cadmium and lead concentrations
in red deer kidneys (in mg/kg of wet weight)

Hg Cd Pb
Reference
n X SD R n x SD ‘R n X, SD
ND 0.044 0.031  This paper
11 0.027 0.020 ~0.069 11 216 147 _5.26 11 0.443 0.351 _1.240 _ Poland, NI
0.005 031 0.030  [6], NI
62 0.024 0016 _poo 62 213 149 %, 62 0231 0115 o5y pofang
0.359 0.06 [4], NI
38 2.429 9114 8 162 -31.12  Slovenia
0.205 0.05 [4], 1
C 9145 00 L2 -8.55  Slovenia
18 0.8 0.8 L
Norway
[1]. NI
103 244 0.67 Canada
(111
92 1055 1.75 Canada
0.135 0.04 [21], NI
60 1.158 i G ~180  Poland

The concentration of cadmium in the organs and tissues of Cervidae confirms
a widely known fact that this element is accumulated mainly in kidneys, and to much
less extent in liver. In the case of red deer and roe deer, the degree of contamination of
kidneys, livers and muscles can be arranged as 40:4:1 and 3:2:1, respectively.
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Table 5
Mercury, cadmium and lead concentrations
in red deer livers (in mg/kg of wet weight)
Heg Cd Pb
Reference
n X SD R n X SD ‘R n x SD
ND 0.015 0.107  This paper
12 0.016 0.008 ~0.028 12 0.213 0.098 ~0.420 12 0.584 0.532 ~1.530 Poland, NI
0.002 0.009 0.010 [6], NI
80 0.007 0.006 ~0.035 80 0.114 0.095 ~1.000 75 0.188 0.118 0710 Poland
0.033 0.05 [4], NI
38 0.232 _0.854 38 044 -3.28  Slovenia
0.027 0.05 [4],1
64 1275 708 St 06 ~7.85  Slovenia
17 0.1 0.08 ]
Norway
[1], NI
141 023 0.08 Canadn
(131
114 099 035 Canada
0.010 0.01 [21], NI
60 0.237 —1igog - 60 - 01 -1.01  Poland
Table 6
Mercury, cadmium and lead concentrations
in red deer muscles (in mg/kg of wet weight)
Hg Cd Pb
Reference
. x SD R n X SD R n X SD
ND ND ND  This paper
8 0.027 0.018 ~0.039 6 0.057 0.061 —0.172 6 0.059 0.064 —0.18 Poland, NI
ND 0.005 0.001 [6], NI
403 0001 0001 010 267 0010 0017 510y 270 0.086 0.070 _yuc  po
0.003 0.05  [4],NI
38 0.008 0084 38 066 1646 Slovenia
0.003 0.05 [4],1
65 0.029 9373 6 031 ~7.76 " Slovenia
[1], NI
103 ND Canada
(1,1
34 0.17 0.1 ‘ Canada
0.003 0.01  [21],NI
60 - 0017 “oiigs %% V0 ~0.87  Poland
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Table 7

Mercury, cadmium and lead concentrations in hare kidneys (in mg/kg of wet weight)

Hg Cd Pb
n X SD R n x SD R n x SD R

Reference

This paper
17 0.100 17 1.62 17 0.406 Poland, NI

26 0.226 26 3.98 26 0.390 Ty paper

Poland, I
[9], NI
Germany
9], 1
Germany
[10], NI
9 010 0.07 odland

(10],1
9 026 0.3 Poland

30 037 30 037

30 7.87 30 1.815

Table 8

Mercury, cadmium and lead concentrations in hare livers (in mg/kg of wet weight)

Hg Cd Pb
Reference
n x SD R n x SD R n x SD R
This paper
17 0.056 17 116 17 0.409 Poland, NI
— 55 065 20+ 0:556 This paper
Poland, I
30 0.10 30 095 1, NI
- Germany
30 1.09 30 4.675 P11
Germany
Table 9

Mercury, cadmium and lead concentrations in wild boar livers (in mg/kg of wet weight)

Heg Cd Pb
Reference
n x SD R n x SD R n x SD R
" ND 0.02 0.10  This paper
170029 0025 446 17050 034 ¢ 17 0.40§ 0.349 ~131 Poland, NI
0.005 (6], NI
122 0.205 —0.680 | Poland
0.057 0.02 [21], NI
60 0.229 “oigps 90 Old 092  Poland
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Table 10
Percent of samples exceeding the animal tolerance for lead
(Polish Standards — 1 mg/kg of wet weight [17])
Species Region Liver Kidney
n % n %
Hare 1 29 20.7 26 3.8
Hare NI 17 11.8 17 5.9
Wild boar NI 17 5.9 17 59
Roe deer NI 22 0 18 0
Red deer NI 12 25 11 9.1
n — total number of samples, I - industrial region, NI — non-industrial region.
Table 11
Percent of samples exceeding the animal tolerance for cadmium
(1 mg/kg of wet weight kidney, 0.5 mg/kg of wet weight liver [4])
Species Region Liver Kidney
n % n %
Hare 1 29 93.1 26 96.2
Hare NI 17 64.7 17 64.7
Wild boar NI 17 - 353 17 70.6
Roe deer NI 23 17.4 16 18.7
Red deer NI 12 0 11 72.7.
n — total number of samples, I - industrial region, NI — non-industrial region.
Table 12
Accumulation index of heavy metals I,
for various organs of hare
Element Liver Kidney
Hg 1.18 2.26
Cd 0.82 2.45
Pb 1.36 0.96
Cu 0.94 1.03
Cr 3.03 0.70

I, = CyCy;, where (; and Cy; are heavy metal concentrations in indus-
trial and non-industrial regions.

Lead also accumulates the most in liver and kidneys, and in the case of roe deer

the proportion of its content in kidneys, livers and muscles is like 6:4:1. For red deer,
however, we find that the proportion of lead content in kidneys, livers and muscles is
8:10:1. The situation of small game, living and grazing in the close proximity of roads
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and motorways, is radically different due to pollution of the land by exhaust gases,
especially lead (table 10).

Various concentrations of the metals measured in the same organ of game and
domestic animals of the same family can be caused not only by dietary differences,
but also by different specific and individual metabolism [17], and this can explain
a wide range of the concentrations of metals in various organs and tissues.

From the results obtained the following conclusions can be drawn:

1. The hare and roe deer kidneys can be recognized as a very sensitive mercury in-
dicator.

2 Cadmium accumulates the most in red deer kidneys and the least in the roe deer
livers (tables 2 and 4).

3. The highest concentration of lead was determined in roe livers, and the lowest
in red deer livers.

Tables 10 and 11 show that in industrial regions the percentage of samples con-
taining selected heavy metal in the quantities exceeding an admissible level is higher
than that in non-industrial areas.

This preliminary research confirms the assumption that selected organs of some
game may reflect the level of environmental contamination and can be recognized as
bioindicators.
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ZAWARTOSC METALI CIEZKICH W WATROBACH, NERKACH 1 MIESNIACH
ZWIERZYNY LOWNEJ W POLUDNIOWO-ZACHODNIEJ POLSCE

Zbadano zawarto$¢ rtgci, kadmu i otowiu w watrobie, nerkach i migsniach zwierzyny towne;j (jelen
europejski, sarna, dzik i zajac) z terenéw Dolnego Slaska. Uzyskane wyniki sg zbiezne z danymi opubli-
kowanymi w innych krajach. Wybrane organy wewngtrzne dzikich zwierzat akumuluja metale cigzkie
w réznym stopniu, w zaleznosci od gatunku zwierzat. W rejonach nieuprzemystowionych najwyzszy
stopien akumulacji rtgci wykazuja nerki zajgcy, najnizszy zas watroby saren. Kadm jest gromadzony
najsilniej w nerkach jeleni, najstabiej w watrobach saren. Najwyzszy stopief akumulacji olowiu wykazuja
watroby saren, a najnizszy — watroby jeleni. Akumulacja metali cigzkich w organach zwierzat dziko
zyjacych w istotny spos6b zalezy od stopnia skazenia nimi $rodowiska naturalnego. W $rodowisku
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uprzemystowionym procent préb zawierajacych wybrane metale cigzkie w ilosci ponadnormatywnej jest
wigkszy niz w $rodowisku nieuprzemystowionym. Uzyskane wyniki wskazuja, ze wybrane organy we-
wnetrzne badanych gatunkéw zwierzat fownych moga stanowié bioindykatory skazenia srodowiska natu-
ralnego metalami cig¢zkimi.




