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The increasing human impact on the environment, which contributes to its contamination, has imposed the need for 
active monitoring of such elements through certain bioindicators. The roe deer, as the most numerous species of game 
among the autochthonous wild ungulates, which is widespread throughout the territory of the Republic of Serbia, was 
used as a bioindicator. The concentrations of cadmium and lead (Cd and Pb) were measured using atomic absorption 
spectrophotometry in the liver (59) and kidney (68) of roe deer harvested during the regular hunting season in three 
hunting grounds in Central Serbia. The mean value of Cd in liver samples from all hunting grounds was 0.223 mg∙kg-1wet 
weight with a range of 0.046-0.247 mg∙kg-1, while in kidney was 0.474 mg∙kg-1 and ranged from 0.356-0.541 mg∙kg-1. 
However, the mean value of Pb in the liver was 0.551 mg/kg-1 with a range of 0.470-0.686 mg∙kg-1, while in the kidney it 
was 0.395 mg∙kg-1 with a range of 0.292-0.640 mg∙kg-1. With respect to mean Cd concentrations in the liver and kidneys, 
statistically significant differences were observed for both the locality and tissue factors, whereas for Pb, significant 
differences were detected only in relation to the locality factor. Cadmium (Cd) concentrations were within permissible 
limits in both liver and kidney tissues (0.5 and 1.0 mg∙kg-1). In contrast, the mean lead (Pb) concentration in the liver 
exceeded the allowed limit (0.5 mg∙kg-1), while kidney Pb concentrations showed occasional exceedances but remained 
within permissible limits on average (0.5 mg∙kg-1). 
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Abstract

INTRODUCTION

Over the last two decades, one of the main focuses 
of researchers has been serious environmental threats, 
particularly the presence of heavy metals. Regardless of 
their origin, which can be from natural sources, it is most 
often the result of human activities (agriculture, industry), 
and they can cause environmental contamination with 
consequences for the entire biodiversity, including 
humans (Okorondu et al. 2022). Some heavy metals such 
as cadmium (Cd) and lead (Pb) are bioaccumulative and 
do not break down easily in the environment, which is the 
main reason for their accumulation in water, soil, plants 
and transmission to herbivorous wild mammals, game, 
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livestock and ultimately humans (Bilandžić et al. 2010, 
Ackova 2018). Acute or chronic exposure to Pb and Cd 
may have serious consequences for the mentioned living 
organisms because these heavy metals accumulate in 
almost all tissues, but mostly in targeted tissues such as 
the liver and kidney (Wieczorek-Dąbrowska et al. 2013, 
Cokoski et al. 2023). The deposition of heavy metals and 
their movement through the environment depend on 
many physical and biological processes and factors (Briffa 
et al. 2020). Therefore, it is necessary to monitor their 
environmental levels and changes in ecosystems through 
appropriate biomonitors. Biomonitoring can be defined 
as a process in which plant and animal organisms or their 
fragments provide continuous analytical information that 

https://doi.org/10.15177/seefor.26-013
https://doi.org/10.15177/seefor.26-013
https://doi.org/10.15177/seefor.26-013
http://dx.doi.org/10.1007/s11187-003-6463-7
mailto:kristijancokoski%40hotmail.com?subject=


https://www.seefor.eu

Beuković D, Polovinski-Horvatović M, Cokoski K, Vukadinović M, Popović Z, Mihajlović N

2     SEEFOR 17(1): 26013

can be used to determine the degree of environmental 
contamination (Gadzała-Kopciuch et al. 2004).

Something that was not the case in the past, and has 
changed in the last twenty years, is the increasing number 
of studies where different species of game are used as 
bioindicators for environmental pollution (Bilandzić et al. 
2010, Srebočan et al. 2012, Cokoski et al. 2023, Lénárt et 
al. 2023). The roe deer (Capreolus capreolus L.), along with 
the wild boar (Sus scrofa L.), the red deer (Cervus elaphus 
L.), the fallow deer (Dama dama L.), the chamois (Rupicapra 
rupicapra L.) and the hare (Lepus europaeus Pallas), are 
often used species of game in such biomonitoring studies, 
as a result of their bioecological characteristics and the 
relatively simple sampling procedure during the regular 
hunting season (Wieczorek-Dąbrowska et al. 2013, Durkalec 
et al. 2015, Maľová et al. 2019, Beuković et al. 2022, Cokoski 
et al. 2024а, Cokoski et al. 2024b). The identification of 
heavy metal concentrations in the organs of free-living 
animals can provide a clear picture of the presence and 
distribution of heavy metals in the environment, whether 
at a local level or across a wider area. Such data make it 
possible to detect potential sources of pollution, assess the 
degree of exposure of animals to these elements in a given 
region, and offer an early warning of possible adverse 
environmental consequences.

In the Republic of Serbia, the number of studies where 
game has been used as a bioindicator has been limited 
so far, and the most common species of game used has 
been the hare (Petrović et al. 2013, Beuković et al. 2022). 
On the other hand, the roe deer is the most numerous 
autochthonous species of wild ungulates and is distributed 
almost throughout the entire territory of the country, 
including forest and agricultural areas (more than 90% 
of the total hunting area of ​​Serbia) (Popović et al. 2007, 
Popović et al. 2023). Also, hunting this type of game is quite 
attractive and popular in this country, which is confirmed 
by the number of harvested individuals (around 10,671 in 
2023) (Statistical Office of the Republic of Serbia, 2023a). 
Аs an herbivorous game species with distinctly territorial 
characteristics and a relatively long lifespan (8-10 years in 
the wild) (Maletić 2024), it will be the subject of research 
in a biomonitoring study conducted in a specific region of 
the Republic of Serbia.

MATERIALS AND METHODS

Study Area
The collection of roe deer samples was carried out in 

three hunting grounds in central Serbia.
Hunting ground "Barajevska reka" (44°29′56″–

44°38′57″N; 20°16′20″–20°30′02″E) with a total area of 
21,312 ha, is characterised by the dominance of agricultural 
land, primarily arable fields, while forest ecosystems are 
less represented and mostly degraded. Within the forest 
communities, species such as oak, beech, acacia, poplar, 
maple, and willow are present. The floristic composition 
of meadows is favourable, with grass-legume communities 
where species such as Kentucky bluegrass (Poa pratensis L.), 
meadow foxtail (Alopecurus pratensis L.), and white clover 
(Trifolium repens L.) dominate. Pastures are characterised 

by a higher presence of poor and lower-quality grasses, 
low legume content, and a higher presence of herbaceous 
plants. The elevation of the hunting ground ranges from 
100 m to 408 m, and the terrain is moderately rugged, 
classifying this area as hilly. The area is marked by a well-
developed hydrographic network with permanent and 
intermittent watercourses, including the Barajevska River 
and its tributaries. The climate of this area is moderately 
continental, with pronounced seasonal variations in 
temperature and precipitation.

Hunting ground "Takovo" (43°52′48″–44°10′48″N; 
20°12′00″–20°39′00″E), with a total area of 74,292 ha, 
is characterised by the dominance of meadows and 
pastures, while forest ecosystems and arable land are 
also significantly represented. Forest communities include 
species such as beech, oak, hornbeam, ash, linden, and 
elm, along with conifers like pine, spruce, and fir. Meadows 
are composed of grass-legume communities dominated by 
species such as Kentucky bluegrass (Poa pratensis), fescue 
(Festuca spp.), and white clover (Trifolium repens). Pastures 
are characterised by a higher presence of medium-quality 
grasses, lower legume content, and increased occurrence 
of herbaceous plants. Among arable crops, wheat, oats, 
maize, and barley are the most common. Based on 
terrain configuration and elevation, the hunting ground 
Takovo is classified as hilly. The area has a well-developed 
hydrographic network with numerous watercourses 
belonging to the basins of the West Morava and Sava 
rivers. The climate of this area is moderately continental.

Hunting ground "Resava" (44°03′18″–44°19′12″N; 
21°03′00″–21°19′12″E), with a total area of 22,471 ha, is 
characterized by a dominance of arable land, primarily 
fields, which are intensively used and covered with various 
agricultural crops (wheat, maize, oats, barley, sunflower, 
soybean, etc.), while forest ecosystems, meadows, and 
pastures are less represented. In the riparian parts of 
watercourses, hydrophytic communities are present, 
dominated by species such as willow, poplar, and ash, 
while in hillier parts, smaller forest complexes occur 
with species such as oak, hornbeam, and ash, as well as 
shrub species like hawthorn, hazel, and cornelian cherry. 
Based on altitude and terrain configuration, this hunting 
ground is classified as a lowland type. The area features a 
developed hydrographic network, with the Velika Morava 
River flowing along the western boundary, while the Resava 
River and its tributaries extend through the centre of the 
hunting ground. The climate of this area is temperate-
continental, with pronounced seasonal variations.

Sampling
A total of 59 liver and 68 kidney samples were obtained 

from roe deer harvested at three hunting grounds in the 
Republic of Serbia. Sampling was conducted during the 
regular hunting seasons (2022). The sample distribution 
across the study sites was not uniform. A total of 15 liver 
and 24 kidney samples were collected from locality 1 
(Hunting ground Barajevska reka), 40 liver and 40 kidney 
samples from locality 2 (Hunting ground Takovo), and 4 
kidney and 4 liver samples from locality 3 (Hunting ground 
Resava). The samples were collected from adult roe deer. 
During sampling, special care was taken to avoid damaged 
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parts of the bullet path. Tissues damaged by the bullet 
pathway were not included in the analysis (Danieli et al. 
2012). The samples were individually packed in polyester 
bags, appropriately labelled, and transported in small 
refrigerators to the laboratory where they were kept at 
-20°C until analysis.

Laboratory Analysis
Our previously optimised method was used for the 

quantification of cadmium and lead in roe deer liver and 
kidney samples (Beuković et al. 2015). About 1 g of sample 
was weighed on an analytical balance EL 204 – IC (Mettler 
Toledo, Switzerland) and placed in a tube where it was 
digested by the wet ashing technique, by adding 4 ml of 
the concentrated nitric and hydrochloric acid mixture (3:1, 
v/v). The mixture was prepared with trace analysis-grade 
nitric acid (Fisher Scientific, USA) and hydrochloric acid (Carl 
Roth, Germany). The tube was then heated in the thermal 
block ReactiThermTM TS-18820 (Fisher Scientific, USA) at 
120°C for 2 hours. The content of lead was determined by 
the electrothermal atomic absorption spectrometer, model 
PinAAcle 900T (Perkin Elmer, Waltham, MA, USA). The 
instrument was calibrated using analytical standards for 
lead and cadmium (Fluka Analytical, USA), both 1000 mg·l -1 
in 2% nitric acid. Cadmium working solutions ranged from 
0.2 to 2.0 µg·ml -1, while lead calibration points were from 
2.0 to 20.0 µg·ml -1. For cadmium, the limit of detection 
(LOD) was 2.32 µg·kg -1, while the limit of quantification 
(LOQ) was 7.04 µg·kg -1. For lead, LOD was 4.26 µg·kg -1 and 
LOQ was 12.9 µg·kg -1. All results are expressed on the fresh 
weight (fw) basis.

Statistical Analysis
Statistical analysis was performed using the TIBCO 

Statistica software version 14 (StatSoFT STATISTICA 
Software) for descriptive analysis and for analysis of 
variance. Data were grouped according to element, tissue 
and sampling localities. Concentrations were expressed as 
mean ± standard error, median, minimum and maximum 
values. To examine differences between sampling localities, 
we used the two-way analysis of variance (ANOVA) test. All 
statements of significance were based on the 0.05 level of 
probability (p ≤ 0.05).

RESULTS

The results of Cd and Pb concentrations in the liver and 
kidney of roe deer are presented in Table 1, Тable 2 and 
Table 3.

Cadmium (Cd)
The analysis confirmed the presence of cadmium in 

98.3% of liver samples and in 100% of the kidney samples, 
in other words, only a single liver sample fell below 
the detection limit for this heavy metal. The mean Cd 
concentrations in liver samples from the hunting grounds 
investigated in this study were observed in the following 
order: the lowest concentration of 0.046 mg·kg -1 was 
recorded in the Resava hunting ground, followed by 0.-205 
mg·kg -1 in the Barajevska Reka hunting ground, and the 
highest concentration of 0.247 mg·kg -1 was observed in 
the Takovo hunting ground, with an overall mean of 0.223 
mg·kg -1. The mean cadmium concentrations in the kidney 
followed the same order as the concentrations in the liver, 
with the lowest value recorded in Resava (0.356 mg·kg 

-1), followed by Barajevska Reka (0.382 mg·kg -1), and the 
highest in Takovo (0.541 mg·kg -1), resulting in an overall 
mean of 0.474 mg·kg -1. 

Lead (Pb)
Out of the total number of samples collected from the 

three hunting grounds, lead was not detected in 16.9% 
of the liver samples and in 29.7% of the kidney samples 
(Table 2). In contrast to the cadmium results, the lowest 
mean Pb concentrations in the liver, 0.47 mg·kg -1, were 
recorded in the Takovo hunting ground, followed by 
0.649 mg·kg -1 in Barajevska Reka, and the highest, 0.686 
mg·kg-1, in the Resava hunting ground (Table 2). The mean 
Pb concentrations in the kidney did not follow the same 
distribution across hunting grounds. The lowest mean Pb 
concentration in the kidney was recorded in the Takovo 
hunting ground (0.292 mg·kg-1), followed by Resava (0.435 
mg·kg-1), and the highest in Barajevska reka hunting 
ground (0.649 mg·kg-1). In this case, clear differences were 
observed with higher Pb concentrations in the liver of roe 
deer compared to the concentrations in the kidneys in the 
Takovo and Resava hunting grounds, which is different 
from the findings for the presence of Cd in the same 
examined tissues. However, similar concentrations of this 
heavy metal were observed in the kidney and liver in the 
Barajevska Reka hunting ground.

Figure 1. Geographical locations of the hunting grounds 
"Barajevska Reka", "Takovo" and "Resava".
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DISCUSSION

The mean concentrations of Cd in the liver and kidney 
showed statistically significant differences between 
localities and among tissue types, indicating that both 
factors influence Cd accumulation (Table 3). In the Takovo 
hunting ground, the average values of Cd in the liver and 
kidney are markedly higher compared to the other two 
localities. However, the Cd concentration in the liver at 
this hunting ground was higher than in the Barajevska 
Reka hunting ground, the difference was not statistically 
significant. The lowest mean concentration of cadmium 
in the liver was determined in the Resava hunting 
ground, which is significantly lower than the other two 
localities, but this concentration may be the result of the 
small number of samples at this locality compared to 
the others. Also, regarding the tissue factor, statistically 
significantly higher concentrations of Cd in the kidney were 
determined in all three examined localities compared to 
concentrations in the liver. This confirms the well-known 
finding of the high affinity of Cd for the kidneys, where it 
is deposited directly from the bloodstream and indirectly 
from the liver, followed by a low excretion rate, which has 
been confirmed in several studies where different species 

of game (omnivores and herbivores) were the subject of 
biomonitoring (Bilandzić et al. 2009, Srebočan et al. 2012, 
Durkalec et al. 2015).

We compared our results with several studies from 
other European countries in which roe deer were 
used as bioindicators of environmental pollution. 
Therefore, in a study conducted in northwestern Poland, 
Wieczorek-Dąbrowska et al. (2013) determined higher Cd 
concentrations in both tissues (0.887 and 0.245 mg·kg-1 i 
n liver) (9.117 and 2.054 mg·kg-1 in kidney). Additionally, 
in Poland, a study was conducted where wild boar and 
roe deer were used as biomonitors of heavy metal 
contamination at two industrial sites and one control 
site. The results obtained confirm higher concentrations 
of Cd in roe deer liver (6.435 and 0.492 mg·kg-1) at both 
industrial sites compared to the results of our study, and 
drastically higher concentrations in kidney at the same 
sites (39.6 and 4.653 mg·kg-1), including the control site 
(1.582 mg·kg-1) where it was stated that there was no 
potential pollutant present (Durkalec et al. 2015). Also, 
significantly higher cadmium concentrations compared 
to our results were observed in neighbouring Bulgaria, 
where mean concentrations in the liver were 3.15 mg·kg-1 
and in the kidney 20.4 mg·kg-1 (Markov and Ahmed 2019). 

Hunting grounds Tissue N N < LODs % Mean Median Min Max N > MPC
(%)

Barajevska reka
liver 15 0 (0) 0.205 0.174 0.042 0.745 1 (1.7)

kidney 24 0 (0) 0.382 0.369 0.048 0.699 0 (0)

Takovo
liver 40 0 (0) 0.247 0.227 0.025 0.564 5 (8.5)

kidney 40 0 (0) 0.541 0.530 0.234 0.926 0 (0)

Resava
liver 4 1 (1.7) 0.046 0.047 0.008 0.083 0 (0)

kidney 4 0 (0) 0,356 0.347 0.086 0.643 0 (0)

All
liver 59 1 (1.7) 0.223 0.182 0.008 0.745 6 (10.7)

kidney 68 0 (0) 0.474 0.456 0.048 0.962 0 (0)

Table 1. Cadmium (Cd) concentrations (in mg·kg -1 wet weight) in the livers and kidneys of roe deer from three hunting grounds in the 
Republic of Serbia.

N – number of samples; N < LODs % - number of samples bellow the limit of detection (%); N > MPC % - number of samples exceeding the maximum permitted 
concentration (%).

N – number of samples; N < LODs % - number of samples bellow the limit of detection (%); N > MPC % - number of samples exceeding the maximum permitted 
concentration (%).

Hunting grounds Tissue N N < LODs % Mean Median Min Max N > MPC
(%)

Barajevska reka
liver 15 0 (0) 0.649 0.454 0.046 1.470 1 (1.7)

kidney 24 11 (16.2) 0.640 0.559 0.036 1.570 0 (0)

Takovo
liver 40 10 (16.9) 0.470 0.321 0.036 1.990 4 (6.8)

kidney 40 8 (11.7) 0.292 0.221 0,016 1.040 19 (28)

Resava
liver 4 0 (0) 0.686 0.357 0.200 1.820 1 (1.7)

kidney 4 0 (0) 0.435 0.452 0.240 0.590 1 (1.7)

All
liver 59 10 (16.9) 0.551 0.428 0.036 1.990 6 (10.2)

kidney 68 19 (27.9) 0.396 0.274 0,016 1.570 20 (29.4)

Table 2. Lead (Pb) concentrations (in mg·kg-1 wet weight) in the livers and kidneys of roe deer from three hunting grounds in the 
Republic of Serbia.
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In their study in Croatia, Srebočan et al. (2011) observed 
Cd concentrations of 0.293 mg·kg-1 in the liver and 3.331 
mg·kg-1 in the kidneys of middle-aged roe deer, indicating 
slightly higher accumulation in the liver and much higher 
in the kidneys compared with our results. In the same 
context as the previous study, similar or lower values ​​for Cd 
concentrations in roe deer liver and higher concentrations 
in kidney were also observed in a study conducted in 
Poland, covering the period from 1987 to 1991 (Falandysz 
1994). Overall, it can be emphasised that the lower and 
in only a few cases similar results to those shown by 
research in various European countries indicate a lower 
level of contamination in the examined hunting grounds 
with Cd in the Republic of Serbia. This is most likely a result 
of differences in the choice of locality for such research 
and the presence or proximity of some anthropogenic 
contaminant, as is the case with the research conducted in 
Poland by Durkalec et al. (2015). The investigated hunting 
areas are situated at a considerable distance from major 
pollution sources and, although agricultural activities are 
present, they are of low intensity.

Regulations establishing maximum levels of 
contaminants in foodstuffs do not cover game animals; 
the maximum levels of toxic metals are specified only for 
slaughtered livestock. In the Republic of Serbia, according 
to the regulations on the permissible levels of pesticides, 
metals and metalloids, and other toxic substances, as 
well as chemotherapeutics, anabolic agents, and other 
substances that may be present in food, the maximum 
allowed concentrations of cadmium are 0.5 mg·kg-1 in liver 
and 1.0 mg·kg-1 in kidney (Official Gazette of the Republic of 
Serbia 2011). The regulations and standards for maximum 
permitted concentrations of specific contaminants are fully 
aligned with European legislation (European Commission 
2006). Accordingly, the laboratory analyses confirmed 
that Cd concentrations in liver exceeded the maximum 
allowed limits in 6 samples or 10.7% of the samples, 
while for Cd concentrations in the kidney, those values ​​
were undetectable, and it was confirmed that even the 
maximum individual values ​​for the concentrations of this 
contaminant in a given tissue did not exceed the legally 
permitted concentration. Regardless of the fact that 
individual liver samples were detected with cadmium 
concentrations higher than the permissible limit at each 
locality in the study area, it is important to note that the 
average concentrations are far below the permissible limit. 
These findings indicate that cadmium is present in these 
hunting grounds, but the situation is far from concerning.

The observed differences in Pb concentrations 
among the examined tissues of roe deer across locations 
suggest that local environmental factors may influence 
lead accumulation. Namely, the mean values ​​for Pb 
concentrations in both tissues were statistically significantly 
higher in the Barajevska Reka hunting ground compared to 
the Takovo hunting ground. The results confirm that the 
presence of Pb dominates in the first hunting ground, and 
the presence of the contaminant Cd in the second. The 
most acceptable explanation for the observed locational 
differences in heavy metal concentrations is the presence 
of potential pollution sources (such as landfills, industrial 
facilities, or chemicals used in agriculture) near these 
hunting grounds. Therefore, further research is needed to 
confirm the presence of these sources and to determine 
their relationship with the bioindicators used in such 
studies. The results showed that there were no statistically 
significant differences in Pb concentrations among the 
examined tissues of roe deer (Table 3), although in two 
hunting grounds (Takovo and Resava), slightly higher Pb 
concentrations were observed in the liver than in the 
kidney. Similar findings were found in studies conducted 
by Srebočan et al. (2011) and Wieczorek-Dąbrowska et 
al. (2013), where slightly higher Pb concentrations were 
recorded in the liver than in the kidney of roe deer. 

Despite the limited number of studies where roe 
deer have been used as a bioindicator for determining 
the presence of heavy metals, we have compared our 
results on Pb concentrations with the small number of 
similar studies conducted in some European countries. 
In a study conducted in Poland at two industrial sites and 
one control site, Durkalec et al. (2015) reported lower or 
similar Pb concentration in the liver (0.303; 0.559; 0.058 
mg·kg-1). Kidney Pb levels were also lower at two sites 
(0.099; 0.102 mg·kg-1), except at the industrial site (Upper 
Silesia), where concentrations (0.906 mg·kg-1) were higher 
than those observed in our study. In the northwestern part 
of the same country, which is known for the presence of 
anthropogenic pollutants, the results show mixed findings: 
both higher and lower lead concentrations in the liver 
(0.946 and 0.271 mg·kg-1) and in the kidneys (0.610 and 
0.134 mg·kg-1) were reported compared with the results of 
our study (Wieczorek-Dąbrowska et al. 2013). In Bulgaria, 
similarly to the findings for Cd, significantly higher Pb 
concentrations were reported in roe deer tissues. Pb 
concentrations reached 3.5 mg·kg-1 in the liver and 3.3 
mg·kg-1 in the kidneys, values that were more than five 
times higher than those observed at the three hunting 
grounds in our study (Markov and Ahmed 2019). Only in 
Croatia, in the study conducted by Srebočan et al. (2011), 
lower lead concentrations were observed in both the liver 
and kidneys of roe deer across three age categories. Liver 
concentrations were 0.049, 0.055, and 0.018 mg·kg-1 in 
young, middle-aged, and old individuals, respectively, 
while kidney concentrations were 0.058, 0.033, and 
0.024 mg·kg-1. In general, comparison of our findings with 
those reported in the literature indicates mixed opinions, 
with a somewhat higher presence of Pb in our study 
areas (hunting grounds) than in several other European 
countries. Of course, there were exceptions, such as 

Table 3. Test of significance (p<0.05) for cadmium (Cd) and lead 
(Pb) concentration depending on location and tissue.

p

Cd Pb

Location 0.000513 0.013588
Tissue 0.000000 0.190191

Location*Tissue 0.182667 0.587828
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the study conducted in Bulgaria and certain localities in 
Poland, where higher lead concentrations were reported 
than those observed in the present study. 

According to the previously mentioned regulation 
on the maximum permitted concentrations of certain 
contaminants in foodstuffs, which is also used and accepted 
for game species, the maximum permitted concentration 
of Pb is 0.5 mg·kg-1 in both tissue (liver and kidney) (Official 
Gazette of the Republic of Serbia 2011). Therefore, the 
results obtained indicate that in the Barajеvska reka 
hunting ground, slightly higher Pb concentrations than 
the maximum permitted were noted in both examined 
tissues, namely the mean concentrations in the liver were 
0.649 mg·kg-1, and in the kidney 0.64 mg·kg-1. Also, in the 
Rasava hunting ground, but only in liver tissue, slightly 
higher mean Pb concentrations were determined than 
the maximum permitted values (0.686 mg·kg-1). Particular 
attention should be given to hunting grounds where mean 
values exceed the legally permitted concentrations of this 
heavy metal, and the possibility of investigating potential 
exposure pathways and sources of lead contamination. 
The results also show individual samples exceeding the 
maximum permitted concentrations for this contaminant in 
all three hunting grounds, with 29.4% of the kidney samples 
and 10.2% of the liver samples (Table 2). Furthermore, it 
should be emphasised that 95% of the kidney samples and 
67% of the liver samples with Pb concentrations above the 
permitted limits were collected from the Takovо hunting 
ground. In this case, where the average values ​​for lead 
are below the maximum permitted concentrations, and 
a high percentage of individual samples (especially in 
the kidney) exceed the legally prescribed limits, it leads 
to the conclusion that the presence of lead is still more 
noticeable than the presence of cadmium in the Takovo 
hunting ground. The high percentage of individual samples 
indicates that the game still comes into frequent contact 
with this contaminant, for which the potential source, 
which is most likely of an anthropogenic nature, needs to 
be determined.

CONCLUSIONS 

The presence of the investigated heavy metals was 
confirmed in the territory of Central Serbia.  Roe deer, as 
a representative game species, showed variable exposure 
to these contaminants, reflecting the overall state of the 
environment. At each locality, the results for Cd based on 
both mean and maximum values confirmed a low level of 
contamination, with concentrations generally lower and 
only in a few cases equal to the results of most studies from 
countries in Europe. The levels of Pb were confirmed with 
higher concentrations than the previous contaminant. This 
is confirmed by the average values ​​in some of the hunting 
grounds where the concentrations were slightly above the 
legally permitted maximum concentrations for this heavy 
metal, followed by a somewhat higher presence of Pb 
than in several other European countries. Although the 
results are generally positive, with only minor exceptions 
at certain localities, further research is needed to identify 
potential sources of pollution. 
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