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Abstract: 	 The aim of the study was to check the current levels of toxic (Pb and Cd) and essential with a concentra-
tion-dependent toxic effect (Cu and Zn) heavy metals in the liver of the European red deer Cervus elaphus 
inhabiting typical forest mountain regions in Bulgaria, Rhodope Mountains and in Central Stara Planina 
Mountains. For determination of analytic concentrations of the studied heavy metals, an inductively cou-
pled plasma atomic emission spectrometry (ICP-AES) was used. The average values of metal concentra-
tion (mg/kg dry weight) in the liver of the red deer from Rhodope Mountains were as follow: Cu – 176.7, 
Zn – 599.3, Pb – 2.2 and Cd – 0.9; in Central Stara Planina Mountain, they were: Cu – 115.6; Zn – 224.7; 
Pb – 5.0 and Cd – 0.9. The obtained results can be used to create a baseline for estimation of the current 
heavy metal accumulation in red deer in the feeding area of the big game animals in the forest mountain 
regions of Bulgaria. They also offer an opportunity that red deer be used as a biomonitor of future potential 
anthropogenic negative impact on the environment in forest regions of the country under the conditions of 
modern anthropogenic activities therein.
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Introduction
The red deer Cervus elaphus L., 1758 is widespread 
in the Holarctic and Nearctic. Based on coat colour 
and morphological characters of skulls and antlers, 
22 subspecies have ben recognised within this spe-
cies (Ellerman & Morrison-Scott 1966, Grubb 
2005). In present days, red deer is one of the biggest 
free-ranging mammals of Europe. Its distribution 
range comprises France, the Netherlands, Belgium, 
Luxembourg, Denmark, Switzerland, Germany, 
Austria, Czech Republic, Italy, Balkan states, Po-
land and the western part of the former Soviet Union 
(Hartl et al. 2003). The environment on the terri-

tory of Bulgaria, both in historical times (Spassov & 
Iliev 1994) and in nowadays (Markov 1959, Dra-
goev 1978, Botev 1985) offers suitable conditions 
for the red deer populations. Currently, its distribu-
tion in Bulgaria is concentrated mainly in biotopes 
in the Central and Eastern Stara Planina, Central 
Sredna Gora, Rila-Rhodopes and Strandzha-Sakar 
mountain areas, Kraishte-Osogovo and Ludogorie-
Dobrudzha regions (Stenin 2008). Therein, it in-
habits not very dense deciduous and mixed forests 
in flat, semi-mountainous and mountainous areas 
but often its habitats are also in semi-open plain ar-
eas. Although in the recent past red deer were rare 
in parts of Bulgaria and close to extinction, due to 
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the reintroduction and conservation efforts such as 
re-acclimatization and breeding in farms (Dragoev 
1978), its number has reached 28,370 individuals in 
1992; in 2012, there were almost 21,000 individu-
als (AEFA 2012). Nowadays, according to the state 
statistics for 2018, the total number of red deer is 
29,331 individuals in Bulgaria (Dzhuparov 2018). 
In Bulgaria (Stenin 2008, Obretenov 2010), as in 
other European countries (Apollonio et al. 2010), 
the red deer is one of the key species of terrestrial 
ecosystems and the main hunting species of great 
importance in the forest mountain areas. Red deer 
has browsers feeding on grasses, sedges and forbs 
in summer. In the winter, they eat woody growth, so 
they have an important ecosystem role in shaping 
the plant communities in which they live through 
their browsing. Young individuals may also serve as 
an important source of prey for large predators.

The increased environmental pollution by 
heavy metals leads to their accumulation in the wild-
life (Goyer 1986). The real risk presented by heavy 
metals to wildlife and humans is mostly demonstrat-
ed as a chronic or sub-lethal effect, e.g. nephrotox-
icity, carcinogenicity, teratogenicity, endocrine and 
reproductive toxicities (Rani et al. 2014). The main 
threats to wildlife health from heavy metals are as-
sociated with exposure to non-essential elements 
such as lead (Pb) and cadmium (Cd); however, the 
anthropogenic pollution of ecosystems with essen-
tial heavy metals zinc (Zn) and copper (Cu) is also 
problematic at some sites. The latter two metals can 
be toxic to wildlife if their concentrations are high 
(Environmental Fact Sheet 2005).

Determinations of heavy metals in metabol-
ically-active organs of selected wild mammalians 
(including hunted animals) serving as biomonitors 

can be used for the indirect assessment of conditions 
in terrestrial ecosystems. As accumulative biomoni-
tors of environment pollution, they possess a num-
ber of merits such as great availability, low costs, 
retrospection, no servicing and consideration of syn-
ergistic/antagonistic effects, area-related results, bi-
ological relevance and comparability to man (Wit-
ting 1993). Wild animals, especially game species, 
with regular farming activities such as red deer are 
suitable as bioindicators (Froslie et al. 2001) due 
to their large geographical distribution, residential 
habits, relatively long lifespan and relatively easy 
sample collection. For sustainable use of the poten-
tial of red deer as a natural resource and for balanced 
development of terrestrial ecosystems, it is crucially 
necessary to assess the degree of load of their livers 
with toxic elements (Tataruch & Kierdorf 2003).

The aim of the present study was to check the 
load of red deer liver with heavy metals including 
not essential elements such as Pb and Cd as well as 
with essential metals with a concentration-depend-
ent toxic effect such as Zn and Cu. The established in 
the current survey reference values of their residuals 
in red deer from forest mountain areas would give 
an opportunity to use this species as a bioindicator 
of future potential anthropogenic negative influence 
on the environment in forest mountain areas in the 
country in conditions of modern industrial activities.

Materials and Methods
Study area
The red deer included in this study were legally 
hunted during the hunting season of 2017/2018 
from different areas in forest mountain regions in 
the Rhodope Mountains and in Central Stara Plan-

Fig. 1 Map of the study area. 1 – Central Stara Planina Mountain; 2 – Rhodope Mountains.
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ina Mountains (Fig. 1). Both regions were charac-
terised by relatively non-intense industrial develop-
ment and poorly developed road network. The study 
area in the Rhodope Mountains represents a forest 
mountain region characterised by trophic areas of 
the big game, in which woody vegetation is vary-
ing and are located at altitudes up to about 1200 m. 
The natural prerequisites for the studied territory to 
be characterised by the presence in it of a number 
of hunting economic species of mammals such as 
red deer, mouflon, roe deer and wild boar are the 
diversity of terrain, wood, shrub and grass vegeta-
tion and the abundance of spring and river water. 
The habitats of the studied red deer from Central 
Stara Planina Mountain have a typical mountainous 
relief dominated by deciduous forests with a basic 
wood species – European beech (Fagus sylvatica). 
In them, besides the red deer, suitable conditions 
for development also find the roe deer, wild boar 
and predators.

Sampling methods
To avoid possible influence of age and sex of the 
studied individuals on the quantitative accumula-
tion of the tested metals in their liver, only mid-
dle-aged (age between 5 and 6 years) male animals 
were investigated. The sex of the tested individuals 
was determined by an external examination; the age 
of each specimen was determined by assessing the 
state of the tooth system (Habermehl 1975). Ac-
cording to their initial veterinary examination, all 
investigated red deer were in normal physiological 
condition.

Liver samples from 10 red deer from Central 
Stara Planina Mountain and from 11 individuals 
from Rhodope Mountains were taken in the field. 
None of the samples were contaminated with bul-
lets and pellets.  The collecting of the biological 
material from red deer was carried out according 
to the methodological recommendations for the use 
of mammals as zoomonitor for the purposes of en-
vironmental monitoring of the environment, noted 
in the National Program for Biomonitoring 
of Bulgaria (1999). The collected samples were 
cooled in a portable cooler, transported to the labo-
ratory and stored at −20°C freezer until analysis.

The preliminary preparation of samples for 
chemical analysis included the following steps: 
(a) drying to air dry weight and grinding to a ho-
mogenised mass, (b) dissolving the sample with a 
mixture of HNO3 and HClO4 for 24 hours at room 
temperature, (c) evaporating it to a wet residue on a 
sand bath and (d) quantitatively transferring it to a 
test tube and bringing it to a standard final volume 

with 1N HNO3. The content of Pb, Cd, Zn and Cu 
in the analysed samples was determined using an 
inductively coupled plasma atomic emission spec-
trometry (ICP-AES) in a Perkin Elmer Optima 7000 
DV instrument. The residual amounts of the studied 
elements were established using an atomic-absorp-
tion analysis. Concentrations of elements in the liver 
tissues were expressed as mg/kg of dry weight.

Statistical methods
Before analyses, the established concentrations 
of the studied heavy metals in the liver of the red 
deer inhabited both regions were tested for normal-
ity using Kolmogorov-Smirnov D-statistics and 
for homogeneity of variances using Levene’s test. 
Concentrations of residuals of the heavy metals in 
the liver inhabiting Central Stara Planina Mountain 
were not normally distributed.

Hereof, the reference interval of the residues 
of all investigated heavy metals in animal’s liver 
from both investigated habitats was calculated us-
ing a non-parametrical percentile method. All con-
centrations were described by their basic descriptive 
statistics (Mean, Median and Standard deviation). 
They were calculated by the algorithm of statistical 
analysis “Nonparametric Methods”. The range of 
each variable was determined by the values of the 
97.5th and 2.50th percentiles – width of the range 
about the median that includes 95% of the cases.

To check the significance of differences of the 
observed concentrations of the studied heavy met-
als in the liver’s samples from the individuals from 
both habitats, a nonparametric test (Man-Whitney 
test) for independent samples was applied. Differ-
ences were considered as significant at the level of 
p<0.05.

To reveals the specificity of the heavy metals’ 
residuals obtained in the liver of the red deer inhab-
iting the mountain landscapes in Bulgaria, the index 
Overall Metal Concentration according to Usero et 
al. (1996):

 

                      

where Cfn is the concentration of metal ex-
pressed in the sample was calculated. It was consid-
ered in a comparative aspect with those established 
for the same elements in the liver of the roe deer 
(Markov & Ahmed 2019a, 2019b) inhabiting the 
same mountain massifs in the same time and whose 
analytical concentration has been established by the 
same methodical approach. Statistical analysis of 
the data was performed using Statistica, V. 10 (Stat-
soft Inc. 2011).
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Results
For the descriptive statistics for Pb, Cd, Zn and Cu 
concentration and metal pollution index (MPI) in 
the liver of the investigated red deer from the two 
mountain regions in Bulgaria, see Table 1. The re-
sults of the Man-Whitney test showed that the differ-
ences of the medians of the observed heavy metals’ 
concentrations in red deer’s liver from both target 
organs were of different statistical significance: for 
Cu, p = 0.212; for Zn, p = 0.044; for Pb, p = 0.045; 
for Cd, p = 0.302. As could be seen, established con-
centrations of zinc and lead were specific to each 
one in both regions, while the median value of the 
concentrations of copper and cadmium do not differ 
at p-value, which was treated as a „borderline ac-
ceptable“ error level.

Discussion
The concentrations of the tested metals in the liver, 
actual for each mountain region, characterised by 
the width of the range about the median that in-
cludes 95% of the cases demonstrate the limits of 
their variability. Typical for the established intervals 
is that they have wide limits in both regions. The 
formal reason for the broad concentration limits 
is that in the liver of some individuals, the studied 
metals are of high value. This effect is probably re-
lated to the heterogeneity of the load on the separate 
components of the mountains environment because 
both of natural geochemical characteristics and hu-
man activities which greatly impair the natural en-
vironment in many parts of country. In the Rhodope 
Mountains, in the areas of mining much of the land 
is degraded. Flotation activity and lead-zinc extrac-

tion conduce to local contamination of the soil and 
water by heavy metals in non-ferrous metal produc-
tion areas (Kopralev et al. 2002).

It was also found that red deer’s liver form 
both investigated mountain regions were character-
ised by a different Metal Pollution Index. The mean 
MPI value of the red deer’s liver from the Rhodope 
Mountains is 1.16 times higher than that from the 
Central Stara Planina Mountains. The overview of 
the MPI value of the red deer’s liver with those of 
the roe deer inhabiting the same mountain massifs 
in the same time (MPI in the Rhodope Mountains 
is 12.96 and in the Central Stara Planina Mountains 
is 10.16) shows that their values in the red deer 
are considerably higher than those in the roe deer 
(Markov & Ahmed 2019a, 2019b).

The transfer of trace metals to terrestrial mam-
mals depends on a number of factors the most im-
portant of which are: the species, its age and spe-
cialised of food availability (Hunter et al. 1987). 
The higher concentration of metals found in red deer 
liver than in roe deer liver may result from differ-
ences in their feeding preferences and metabolism 
(Prins & Geelen 1971), digestion rate and feeding 
frequency (Holand 1994) and anatomy of the di-
gestive tract (Kottferová & Koréneková 1998). It 
should be noted that the comparative analysis of the 
heavy metal residues found in this study with results 
found in other studies across the country and Europe 
may have differences due to the fact that they did not 
take into account age and sex of the animals in the 
data processing, as well as in the calculation of the 
data related to the wet weight.

The presence of lead and cadmium, elements 
with proven highly toxic effect on living organisms 
in considerable concentrations, together with the 

Table 1. Values of basic statistical characteristics of the concentrations [mg/kg dry weight] of Zn, Cu, Pb and Cd in 
liver and metal pollution index (MPI) of adult male red deer inhabiting mountain landscapes in Bulgaria.

Metal
Basic statistical characteristics  

[mg/kg dry weight]
Limits of 95% range of the median 

[mg/kg dry weigh] MPI
Mean Median SD From To

Rhodope Mountains 21.38
Cu 176.7 168.9 88.4 68.8 296.1
Zn 599.3 652.2 306.4 104.3 987.5
Pb 2.2 1.7 1.5 0.5 4.4
Cd 0.9 0.5 0.9 0.2 3.2

Central Stara Planina Mountain 18.48
Cu 115.6 116.7 59.8 20.8 196.9
Zn 224.7 191.7 93.4 123.4 382.7
Pb 5.0 4.7 1.2 3.2 6.8
Cd 0.9 0.9 0.3 0.5 1.3
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noteworthy presence of elements with dependent 
toxic effects elements (copper and zinc) in sizeable 
residues in the liver of some red deer, requires con-
centrations of these elements in wild animals to be 
constantly monitored. This suggests that regular as-
sessment and forecasting of accumulation of heavy 
metals in free-living game animals in ecosystems 
is necessary. Our study also reinforces the need to 
account carefully for specific environmental related 
variation in ecotoxicological research on wild-living 
animals in regions of the country characterised by 
specific ecological conditions as well as the potential 
for deterioration of the quality of the environment in 
the mountainous habitats, because of anthropogenic 
activity. Summing up it can be stated that: (1) the 
results create a baseline for the estimation of current 
heavy metal accumulation in red deer in the investi-
gated regions and (2) they offer an opportunity this 
species to be used as a bioindicator of future poten-
tial anthropogenic negative impact on the environ-
ment in mountain forest regions in Bulgaria.
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