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Abstract: Concentrations of cadmium (Cd) were measured in leg muscle and liver of pheasants (n=316) from 23 different
Serbian regions under the Serbian National Residue Monitoring Program during 2013-2015. Levels of Cd in pheasant tissues were
determined by inductively-coupled plasma mass spectrometry (ICP-MS). Most of the pheasants examined had Cd in their tissues. In
the third year of the residue monitoring program, the Cd concentrations detected in leg muscles were nearly double the levels detected
in the first year. The highest Cd levels in muscles were measured in pheasants from Podunavlje, Macva and Zlatibor districts. All leg
muscle samples had Cd concentrations below permitted maximum residue levels (MRL=0.05 m kg'). However, fifteen liver samples
had Cd levels that exceeded the permitted MRL (0.50 mg kg™'). The number of non-compliant pheasant liver samples increased over
the years. The lowest mean Cd level in pheasant livers was measured in birds from Morava district (0.035 mg kg™), while the highest
was in birds from Branicevo district (0.574 mg kg™'). This monitoring program shows that the Cd levels measured in pheasants, which

are suitable bioindicators of environmental pollution, indicate that environmental pollution with Cd is increasing.
Keywords: pheasants, cadmium, leg muscle, liver, Serbian districts.

Introduction

Industrial development has played an impor-
tant role in environmental pollution, including in
heavy metal toxicity in the biosphere, leading to se-
vere environmental and health hazards. Different
heavy metals are found in the environment as nat-
ural components. However, heavy metals primar-
ily get into foods of animal origin and the bodies
of human consumers due to anthropogenic (indus-
trial, agricultural, traffic) activities (Tchounwou et
al., 2012). Heavy metals are not biodegradable, but
are accumulated in living organisms and metabo-
lised mostly to more toxic, rarely to less toxic deriv-
atives by biochemical processes (Lehel et al., 2016).
Cadmium (Cd) is one of the most toxic heavy met-
als and poses a significant health risk to humans
(Jarup et al., 1998). Pollution of the environment
and contamination of animals with Cd is a problem
in most countries (Hecht et al., 1984; Stawarz et al.,
2003). When released into the atmosphere by smelt-
ing, mining or some other processes, Cd compounds
can be associated with respirable-sized airborne par-
ticles and can be carried long distances. It moves
easily through soil layers and enters the food chain

via plant uptake (4lexander et al., 2009). Cd is also
found in meat, especially offal such as liver and kid-
ney (MacLachlan et al., 2016; Ertl et al., 2016; Wua
et al., 2016). According to the US poison and dis-
ease registry (Priority List of Hazardous Substances,
2015), Cd ranks seventh among toxic substances for
human health hazard. The International Agency for
Research on Cancer (IARC, 2012) declared Cd and
Cd compounds carcinogenic to humans.

Game, including game birds, as a representa-
tive of wildlife, is considered as a suitable bioindi-
cator of potential environmental pollution with Cd
(Mochizuki et al., 2002). Levels of Cd in domestic
animals and game are generally very different, be-
cause game species have the freedom to choose their
food. Their diet depends on the seasonal availabili-
ty of certain types of food and they feed over a wide
area and mainly live longer than domestic animals,
whose nutrition is uniform and controlled, and thus,
livestock have lower levels of Cd (Kramdrova et al.,
2005; Toman et al., 2005). The accumulation of tox-
ic substances in the tissues of game birds is studied
almost world-wide (Kramdrova et al., 2005; Toman
et al., 2005; Mochizuki et al., 2002; Petrovic and
Jankovic, 2008). Lazarus et al. (2014) reported a
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high percentage of free-living game liver and kidney
samples exceeding the Croatian national legislative
limits for Cd and lead, and recommended that peo-
ple should limit consumption of offal from certain
game species. Also, children, pregnant and lactating
women should avoid eating game offal altogether.

Serbia has a long hunting tradition with a
large number of well-kept hunting grounds, where
pheasants are among the most popular species hunt-
ed. According to the Statistical Yearbook of the
Republic of Serbia (2015), 146,000 pheasants were
shot during 2013. The aim of this study was to es-
tablish the distribution of Cd in pheasant tissues, as
a suitable bioindicator of environmental pollution,
from Serbian districts.

Materials and Methods

Concentrations of Cd were measured in leg
muscle and liver of pheasants (n=316) from dif-
ferent Serbian regions within the Serbian National
Residue Monitoring Program in 2013 (n=134),
2014 (n=98) and 2015 (n=84). The pheasants were

Figure 1. Map of 29 Serbian districts

acquired from 23 of the 29 districts in Serbia dur-
ing regular hunting seasons (Figure 1). Pheasants
were chosen for this biological monitoring cam-
paign based on the specificity of the districts and
their availability in every specific location.

Frozen samples of pheasant leg muscle and
liver were thawed at 4°C for a day before analy-
sis, then homogenized. Approximately 0.5 g of ho-
mogenized tissue was transferred into a teflon ves-
sel with 5 mL nitric acid (67% Trace Metal Grade,
Fisher Scientific, Bishop, UK) and 1.5 mL hy-
drogen peroxide (30% analytical grade, Sigma-
Aldrich, St. Louis, MA, USA) for microwave di-
gestion. The microwave (Start D, Milestone,
Sorisole, Italy) program consisted of three steps: 5
min from room temperature to 180°C, 10 min hold
at 180°C, 20 min ventilation. After cooling, the di-
gested sample solutions were quantitatively trans-
ferred into disposable flasks and diluted to 100
mL with deionized purified water (Purelab DV35,
ELGA, Buckinghamshire, UK).

Analysis of the '"'Cd isotope was performed by
inductively coupled plasma mass spectrometry (ICP-
MS), (iCap Q mass spectrometer, Thermo Scientific,
Bremen, Germany). For quantitative analysis of the
samples, a five-point calibration curve (including
zero) was constructed for Cd isotope. Multielement
internal standard (°Li, #*Sc at 10 ng mL; "'Ga, ¥Y,
29Bi at 2 ng mL") was introduced online by an addi-
tional line through the peristaltic pump.

The quality of the analytical process was ver-
ified by analysis of the certified reference material
NIST 1577¢ (Gaithersburg, MD, USA). Reference
material was prepared in the same manner as the
samples, using microwave digestion. Replicate anal-
yses were in the range of certified values.

Statistical analysis of data was performed us-
ing software Statistica 10.0 (StatSoft Inc., Tulsa,
OK, USA). One way analysis of variance - ANOVA
— and Tukey’s HSD test were used to compare Cd
concentrations between leg muscles as well as be-
tween livers from the different Serbian districts.
Differences were considered significant if p<0.05.

Results and Discussion

The Cd concentrations measured in leg mus-
cle and liver of the examined pheasants are summa-
rised in Tables 1 and 2, respectively. For calculation,
when the concentration of Cd was below the limit
of detection (LOD, LOD=0.001 mg kg '), that val-
ue was assumed to be equal to one half of the LOD
(1/2 LOD).
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Table 1. Concentration (mg kg ') of cadmium in pheasant leg muscle by district

District n? Min-max (Mean+SD)®
South Backa 4 <LOD-0.007 0.004+0.002
Belgrade 14 0.009-0.018 0.008+0.006
South Banat 5 <LOD-0.018 0.007+0.006
Rasina 7 < LOD-0.008 0.003£0.002
Sumadija 9 0.002-0.010 0.005£0.003

Morava 6 <LOD-0.004 0.002+0.001

Kolubara 9 <LOD-0.017 0.008+0.005

Nis 9 <LOD-0.017 0.005£0.005

North Banat 9 <LOD-0.025 0.007+0.008
Branicevo 3 <LOD-0.012 0.007+0.005

Jablanica 6 < LOD-0.006 0.003£0.002
Bor 6 <LOD-0.013 0.005+0.005

Raska 9 <LOD-0.012 0.005+0.004
Pomoravlje 6 <LOD-0.011 0.003+0.004
Zlatibor 12 0.002-0.037 0.007+0.010
Macva 6 <LOD-0.039 0.008+0.015

Podunavlje 9 <LOD-0.049 0.010+0.016
Zajecar 5 0.002-0.012 0.005+0.004
North Backa 4 < LOD-0.008 0.003+0.003

South Banat 3 0.005-0.009 0.007£0.002

Srem 9 <LOD-0.005 0.002+0.002

West Backa 10 <LOD-0.004 0.001+0.001

West Banat 1 <LOD <LOD

Legend: *n — number of samples; ®(Mean+SD) — mean value + standard deviation

Table 2. Concentration (mg kg ') of cadmium in pheasant livers by district

District n* Min-max (Mean=SD)® nl¢ (year)
South Backa 4 0.245-0.421 0.374+0.102

Belgrade 14 0.046-0.839 0.353+0.242 3 (2015)
South Banat 5 0.094-0.370 0.212+0.115

Rasina 7 0.140-0.329 0.216+0.065

Sumadija 9 0.076-0.348 0.196+0.102

Morava 6 0.014-0.082 0.035+0.025

Kolubara 9 0.092-1.054 0.408+0.278 1(2014)

Nis 9 0.093-0.246 0.130+0.048

North Banat 9 0.028-0.335 0.144+0.099

Branicevo 3 0.106-1.162 0.574+0.538 1 (2015)
Jablanica 6 0.068-0.811 0.287+0.267 1(2014)

Bor 6 0.113-0.916 0.363+0.325 2(2014)
Raska 9 0.042-1.104 0.353+0.373 1(2013), 1 (2015)
Pomoravlje 6 0.046-0.143 0.101+0.036

Zlatibor 12 0.060-0.998 0.291+0.307 1(2013), 1 (2015)
Macva 6 0.087-0.391 0.217+0.110

Podunavlje 9 0.204-0.865 0.404+0.236 1(2014), 2 (2015)
Zajecar 5 0.022-0.170 0.105+0.061

North Backa 4 0.078-0.248 0.127+0.082

South Banat 3 0.209-0.462 0.366+0.137

Srem 9 0.053-0.373 0.168+0.096

West Backa 10 0.036-0.187 0.091+0.043

West Banat 1 0.059

Legend: *n — number of samples; *(Mean+SD) — mean value + standard deviation; °nl— number of non-compliant samples
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The concentration of Cd in leg muscles was
within the range <0.00—0.049 mg kg'. During our
monitoring, the number of muscle samples in which
Cd was detected increased. In 2013, 2014 and 2015,
Cd was detected in 43.28%, 65.31% and 83.33%
of all pheasant leg muscle samples, respectively.
The highest Cd levels in muscles were measured in
pheasants from Podunavlje, Macva and Zlatibor dis-
tricts (Table 1). However, there were no statistically
significant differences in Cd concentrations in pheas-
ant leg muscles between different districts. All leg
muscles from pheasants sampled in this study had
Cd concentrations below maximum residue levels
(MRL; 0.050 mg kg!) for Cd in game muscle accord-
ing to national legislation (Serbia, 2014). Mean Cd
concentrations in pheasant leg muscle from all dis-
tricts (0.005 mg kg') determined in this study were
lower than those in shot pheasants (0.019 mg kg™)
reported by Korénekova et al. (2008).

While Cd concentrations in muscles are gener-
ally low, liver and kidney accumulate higher concen-
trations (Massdnyi et al., 1995; Massanyi and Uhrin,
1996; Toman et al., 2005). In the current study, the
mean concentration of Cd in pheasant leg muscle
(0.005 mg kg ') was significantly lower than in liver
(0.254 mg kg™!). The lowest mean Cd concentration in
pheasant liver was measured in birds from the Morava
district (0.035 mg kg') while the highest concentra-
tions were detected in Branicevo district birds (0.574
mg kg!). Nevertheless, there were no significant dif-
ferences in Cd concentrations in pheasant livers from
the different districts. According to national legisla-
tion (Serbia, 2014), the MRL for Cd in game liver is
0.500 mg kg!. Fifteen pheasant liver samples ana-
lysed during three years (2013-2015) exceeded this
level, and so were non-compliant (Table 2). The high-
est Cd levels detected were 1.162, 1.054 and 1.104
mg kg! in pheasant livers from Branicevo, Kolubara
and Raska districts, respectively. The number of non-
compliant pheasant liver samples increased over the
years. In 2013, only two non-compliant livers were
detected, from Raska and Zlatibor districts. The next
year, we found five non-compliant pheasant livers
from four different districts (two from Bor, and one
each from Kolubara, Branicevo and Jablanica), which
was 10.2% of the non-compliant samples of all game
in 2014. In 2015, 19.05% of the pheasant livers ex-
amined were non-compliant (8 non-compliant livers:
three from Belgrade, two from Podunavlje and one
each from Branicevo, Raska and Zlatibor). Petrovic

and Jankovic (2008) detected Cd in 21% of all exam-
ined liver samples and 2% of them were non-compli-
ant samples originating from Kolubara. The authors
explained that the Kolubara basin and the thermal
power plants located there may be the reason for high
Cd concentrations in pheasant livers from this district.
The mean Cd levels in fowl liver samples from birds
living in a non-ferrous metallurgy area reported by
Szymezyk and Zalewski (2003) ranged from 0.13 mg
kg! to 0.18 mg kg'. These Cd concentrations were
lower than those measured in pheasant livers from
most Serbian districts in the current study. However,
the mean Cd concentration of non-compliant livers
measured by Szymczyk and Zalewski (2003) (1.12 mg
kg), was higher than that determined in our study
(0.837 mg kg™). Korénekova et al. (2008) established
a lower mean Cd level in shot pheasant livers (0.037
mg kg!) than in our current study (0.254 mg kg!).

Conclusion

In summary, most of the pheasants examined
within the Serbian National Residue Monitoring
Program during three years (2013-2015) contained
Cd in their tissues. Leg muscles had lower Cd con-
centrations than livers. In 2013, 2014 and 2015, Cd
was detected in 43.28%, 65.31% and 83.33% of all
pheasant leg muscle samples, respectively. The high-
est Cd levels in leg muscles were measured in pheas-
ants from Podunavlje, Macva and Zlatibor districts.
All leg muscle samples in this study had Cd con-
centrations below the permitted MRL. However, the
livers of 15 of the pheasants analysed had Cd levels
which exceeded the permitted MRL (MRL=0.500
mg kg'). The number of non-compliant pheasant
liver samples increased over the years. The lowest
mean Cd level in pheasant livers was measured in
birds from Morava district (0.035 mg kg'), while
the highest level was in birds from Branicevo dis-
trict (0.574 mg kg'). According to the results from
this study and having in mind the small number of
samples collected from some districts, it was im-
possible to conclude which districts likely had the
highest environmental Cd pollution. On the other
hand, considering the fact that pheasants are suitable
bioindicators of environmental pollution, it could
be concluded that environmental Cd pollution is in-
creasing. Therefore, levels of Cd should be followed
by continued monitoring of pheasant tissues.
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