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Both toxic and relatively harnl ess conpounds continue to
pol | ute t he envi ronment . All conmponents of the
environment, including wild animals are continuously
exposed to pollutants. Sone gane species are inportant
as indicators (Tataruch, 1995) as they respond quickly
to such pollution. These bio-indicator organismare at
risk from the bioaccumulation of toxic conpounds and
their resulting biochenical effects.

MATERI ALS AND METHODS

Qur study ainmed to nmeasure concentrations of Cd and Pb
in nuscle, kidney and liver of four species of gane
animal from a nunber of localities in Eastern Slovakia
(Fig.l). These were the roe deer (Capreolus capreolus),
red deer (Cervus el aphus), Eur opean hare (Lepus
europaeus) and wld boar (Sus scrofa). 20 head of roe
deer, 10 head of red deer, 50 head of European hare and
30 head of wild boar were anal yzed.

Sanpl es of nuscle, kidney and liver were taken from
animals that had been shot by hunters. These tissues
were frozen and then heated in a muffle furnace for
8 h at 450°C. To check accurancy and reproducibility,

three blanks and reference materials - bovine liver
reference material (MBH Anal. LTD, England) - were used
with each set.

| atomic - absorption neasurements were nmade with
SOLAAR 939, atomic - absorption spectroneter equipped
ith a graphite furnace with background correction.
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nmetal concentrations are expressed on a wet weight

I
Si s.
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Data are presented as neans and standard deviations
(QUATTRO PRO4) . The text was nmade in the program
Wor dPer f ect .
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RESULTS AND DI SCUSSI ON

Free-living animals are an inportant indicator of the
pollution of the environment with the above netals. For

such an observation, small free-living animals are very
suitable as well as roe deer which is steady and
faithful to the locality. The migration of game is

reported to be 1 to 2 kilonetres.

The obt ai ned val ues wer e conpared with highest
perm ssible hygienic limts for risk elements according
to the Decree of the Mnistry of Health of Slovak
Republic from 10. 12. 1993, hygi eni ¢ requirenents for
the content of foreign conpounds in foodstuffs (cadnlum
- meat and internal organs 0.1, ki dneys 1.0 ng. kg™
lead - neat, internal organs, kidneys - 1.0 ng.kg).

In roe deer kldneys were the nmost Cd-contani nated organ

(x=2.63 ) | oner levels were found in the liver
(x=0.21 the skeletal nuscles were the |east
contanlnated (x 0.02 ny.kg"). Mean values in the

ki dneys and |iver exceeded the highest permssible linmt
for Cd. Simlar results were obtained by other authors.

In his studies with roe deer, Bukovjan (1991) found
val ues exceeding the linmt as follows: 13.4 %in liver,

13.2 % in kidneys and 20.5 %in nmuscles. He confirned
also the views of other authors (Tota, 1987) that Cd
content increases with age and that there is a different
content and accunul ation of toxic elenents in individual

age groups in tissues. Holm (1984) reports Cd Ievels in
the nuscles of roe deer from0.014 to 0.039 ny. kg, in
the liver from0.331 to 0.539 ngy.kg" and in the kidneys
from 2.39 to 4 46 mg.kg' In roe deer from the
protected area of the Hgh Tatras in Slovakia, the
values in kidneys and in liver were markedly | ower
(0.27 and 0.18 ng.kg"' respectively) (Chudik and
Mankovska, 1989).

In red deer, the results concerning the Cd content in
muscles and organs are simlar to those found in roe
deer. In this case, the average levels in kidneys (2.01
mg. kg*and liver (0.31 ng.kg') were exceeded. The
levels of Cd in the nuscles (X=0.028 ny.kg') exceeded
in no case the permssible [limt. Qur results can be
compared with those of Riknus and WIf (1987) who
reports the Cd content in the kldneys of a red deer as
ranging from1.9 to 12 7mg. kg' and in the nuscles from
0.007 to 0.41 ny.kg" Pav et al., (1982) reports for
kidneys 0.7 to 3.0 ng.kg" for liver the mean val ue
being 0.38 ny. kg™

It is true also for European hare that Cd accunul ates

nmostly in kidneys where the Cd content in nost
| ocalities exceeds the standard in all exam ned ani mal s.
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Table 1. Concentrations of Cd and Pb in free-living
animals (ng. kg™)
Species Material n cd( X) sd Pb( X) sd
Capreolus muscle 20 0.02 0. 1.40 0.01
capreclus kidney 2.63 2.24 0. 25 0.18
liver 0.21 0. 0.12 0.03
Cervus muscle 10 0. 03 0.02 0. 09 0.02
elaphus kidney 2.01 1.32 0.31 0.32
liver 0.31 0. 25 0.73 0. 64
Lepus muscle 50 0. 05 0.02 0.35 0. 48
europaeus kidney 1.48 1.18 0.48 0. 25
liver 0.39 0. 23 0.32 0.11
Sus muscle 30 0.02 0.01 0. 28 0.11
crofa kidney 0.24 0.16 0. 25 0.14
liver 0. 44 0. 28 0.67 0.52
Table 3.  Contents of Cd and Pb - nmean, ranges,
(mg.kg’) in free-living aninmals fromterritory Czech
and Slovak Republic according to various autors
(G bul ka, 1991)
Speci es Material Cd Pb Ref erences
Capreolus Kkidney 3.00-3.30 0.38-0.53 PAav (1982)
capreolus 0.92-2.86 0.47-0.53 Tota (1987)
0.27-1.07 0.71-1.12 cChudik (1989)
liver 0.13-0.40 0.56-1.19 P&av (1982)
0.21-3.32 3.50-9.70 Chudik (1989)
Cervus kidney 0.70-3.00 0.77- 1.47 P&v (1982)
elaphus 0.25-9.80 7.60-10.40 Chudik (1989)
liver 0.38 0. 25 Pav (1982)
0.27 0. 28 Mankovska (1990)
Lepus kidney 3.61 0.09 Slamecka (1994)
europaeus 3.13 1. 43 Bukovijan (1991)
liver 0. 26 0.22 Slamec¢ka (1994)
0.77 0. 69 Bukovjan (1991)
Sus kidney 0.24-1.72 0.39-9.00 Mankovska (1990)
crofa liver 0.18-0.30 0.26-7.90 Marnkovska (1990)
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Figure 1 Map of Slovakia

In the sanples we had exami ned x=1.48 ny.kg' Bukovjan
(1991), on the other hand, reports 3.13 ng.kg"' and Tota
(1987) 3.31 ny.kg' The results of our analyses of the
liver of a hare x=0.32 ng.kg" correlate with those of
SlameCka et al., (1994) and Bukovjan (1991).

Unlike in the above-mentioned species of herbivora, in
wild oar the nmean value in kidneys was x=0.235
mg. kg’; only in 5 cases the value exceeded the
pernmissible linmit. In nuscles x=0.018 mg. kg" and in the
liver the value exceeded the deternined hygi enic range
(x=0.44 ny.kg'). Riknus and Wl f, (1987) reports the Cd
levels inwild boar as follows: in the kidneys from
2.07 to 4.49 ng.kg’, in the liver from0.15 to 0.65
mg. kg*and in nuscles from 0.01 to 0.1 ng.kg".

MaNkovskA (1990) reports the values in the kidneys from
0. 24kt011. 72 ng. kg’ and in the liver from0.18 to 0.30
mg. kg

The average Pb levels in nuscles, kidneys and |iver of
gane did not exceed the highest perm ssible hygienic
[imt (Table 2). Tota (1987) reports the Pb content in
l'iver, kidneys and nuscles of roe deer 0.46; 0.47, and
0.92 ny.kg', respectively.

In the nuscles, he did not record the Pb content
exceeding the Iimt. In the protected area of the Hi gh
Tatras, the Pb levels in kidneys and in liver of roe
deer were 1.12 ng.kg'and 1.19 ng.kg' respectively
(Chudl k and MaNkovskA, 1989). Rikmus and Wl f (1987) and
PAv et al., (1982) report the simlar results.

In red deer, they did not record any exceeded
perm ssible levels for Pb neither in internal organs nor

in muscles. In hare, the mean values of Pb in the
nmuscles and internal organs did not exceed the highest
permssible limt as well (SlameCka et al., 1994;

Bukovj an, 1991).
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In wild boar, however, Mankovska (1990) reports in
kidneys 0.39 to 9.0 ng.kg"' and in the liver 0.26 to
7.9 ng.kg'. Results obtained by R knus and Wlf
(1987), on the other hand, are in accordance with ours.
He reports in kidneys 0.24 to 0.46 mg. kg™, in the liver
from0.3 to 0.65 ng.kg" and in the nuscle: from0.08 to
0.52 ng. kg™

These, sonetines very different results found in
herbivora and omivora explain Tataruch (1984) and
Chudi k and Mankovska (1985) by the fact that these
animal s eat plant food and occasionaly also rodents and
dead animals. As it has already been outlined, when
evaluating the state of pollution of a particular area,
the differences between ol der and younger aninmals and
al so those between males and females nust be taken into
account. There are differences also between different
species of animals on the same territory (Chudik and
Mankovska 1985; Froslie et al. 1986). It is likely that
sBecific properties of the animal species, the way of
obtaining feed as well as specific effects of a biotope
are involved as well (Onderschek, 1985). Red deer whose
anatony of the digestive tract is adjusted to the intake
of wi de spectrum of feed, receives nore wood species
35% of the feed in sumrer, 30% of the feed anobunt in
winter). Roe deer whose digestive tract is only poorly
adjusted to the digestion of cellulose, prefers young
summrer plants, herbs, fruits. Roe deer eats |ess grasses
(they have narrow |eaves and retain less falling
particles but nore wide-leaved feed (herbs, summer
plants) than red deer which retain nore deposited
pol lutants (e.g. Cd and Pb). This fact is likely to be
the main reason of the inter-species differences (Hell
et al. 1994).

In addition to the above-nmentioned endogenous factors
(sex, age, health state, Cd and Zn concentration ratio
etc), particularly in liver and kidneys with el evated
level s of these conpounds, exogenous factors are
important. The exogenous factors Include contam nation
of the basic conponents of the environnent, geographical
origin, feed, relief, prevailing wind drifts, and growth
patterns (Bukovjan et al. 1992; OndraSovic et al. 1996).
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