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Common pheasant as a biomonitoring tool for
environmental cadmium levels in Serbia

Nikola Borjan'", Zoran Petrovic!, Stefan Simunovi¢!, Dragica Nikoli¢ Perovi¢!, Brankica Lakic¢evié!,
Danijela Vranié!, Sasa Jankovié!

A bstract Contamination of food by heavy metals is a concerning problem in developing countries. Cadmium is one of the
toxic elements that is considered as a marker for environmental contamination. The avian ecosystem is suitable for biomonitoring
purposes, especially in cases where stationary sources of pollution are present. Pheasant samples (n = 327) were collected during four
hunting seasons within the framework of the Serbian National Residue Monitoring Program, from 2018 to 2021. The level of cadmium
in the samples was measured using inductively coupled plasma mass spectrometry (ICP-MS). The average cadmium level in analysed
liver and leg muscle samples was 0.306 mg kg™" and 0.009 mg kg™ respectively. Cadmium levels ranged between 0.005—4.206 mg kg™
in liver and < 0.001-0.235 in leg muscle. The cadmium level in pheasants in Serbia has slightly increased numerically (not statisti-
cally) over the past four years, so the level should continue to be carefully monitored.

Keywords: cadmium, biomonitoring, common pheasant, ICP-MS.

Introduction

Cadmium is one of the heavy metals marked
as an environmental contaminant. It is a non-essen-
tial element for plants, animals and humans. Sources
of cadmium in the environment are industrial activi-
ty (by far the largest), followed by its natural occur-
rence (EFSA4, 2012).

Cadmium is typically a metal of the 20" centu-
ry. It is mainly used in battery production and for the
manufacture of special alloys. It can be released into
the environment by burning fossil fuels and waste,
or via heavy industry emissions, fertilizer produc-
tion and agriculture processes (Bernard, 2008).

Released cadmium remains on site for decades.
It enters the food chain by uptake from plants. Ani-
mals and humans are exposed via food, water and air
(Govind and Madhuri, 2014). After absorption in the
small intestine, most of the ingested cadmium is accu-
mulated in the liver and kidneys, where it is bound to
the transport protein, metallothionein (VKM, 2015).
Liver is the principal organ for cadmium metabolism.

If it is accumulated in high amounts in animals,
cadmium is responsible for disruptions of essen-
tial element metabolism, and damage and dysfunc-
tions of internal organs. The toxicity of cadmium
depends on the general state of the animal, exposure

time, ingested concentrations, sex, age etc. (Swier-
gosz and Kowalska, 2000). Stationary sources of
pollution present in the biotopes of non-migrato-
ry wild a nimals (e.g. birds) are considered suitable
for biomonitoring purposes. Birds selected for such
research need to fulfil several conditions related to
easy detection and capture, abundance, well known
biology of the species etc. (Dzugan et al. 2012).

Common pheasant (Phasianus colchicus) is
colourful, medium-sized bird, well adapted and
abundant in the biotope of Serbia, which makes it
a good choice for heavy metal biomonitoring of the
Serbian environment. It can be found near rivers,
close to crop fields, or at the edges of forests. Con-
sidering that it is also a game bird, common pheas-
ant is an adequate model for biomonitoring of heavy
metals (CABI, 2015).

Pheasant meat is considered a delicacy, and it
is also rich in proteins, essential amino acids, miner-
als and vitamins, with a good fatty acid profile. Wild
pheasants, as a rule, have higher levels of toxic met-
als than do farmed animals. Levels of contamination
principally depend on the nutrition profile of the ani-
mals (Lazarus et al., 2014).

Table 1 shows a brief overview of research on
the origin and distribution of cadmium in liver and
muscle of pheasants and birds that share habitats and
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lifestyles with them. The influence of nutrition on The aim of this study was to determine the con-
farms and in the natural environment as well as from centration of cadmium from environmental origin
the bird habitat itself was taken into consideration in edible tissue (liver and leg muscle) of common
for this study. pheasant.

Table 1. Level of cadmium in liver and muscle of different bird species

Animal Sample (nl}gallléi) (nln\gel?gn“) Technique Source
Common pheasant . . . Dzugan et al.
(Phasianus colchicus) Liver 0.026-2.008 0.721 AAS (2012)
Common pheasant Leg muscle® / 0.012° ICP-OES Flis et al.
(Phasianus colchicus) Leg muscle® / 0.016° (2020)
Common pheasant
(Phasianus colchicus) Leg muscle 0.0194-0.1084* 0.0336* .

Gasparik et al.
GFAAS (2010)
Mallard Leg muscle 0.0035-0.2110* 0.0289°
(Anas platyrhynchos)
Common pheasant Liver / 0.033® FAAS Celechovska
(Phasianus colchicus) Muscle / 0.003® et al. (2008)
Liver
(CA‘“;’m;;efgg;ard Male 0.016-0.280*  0.123
VY Female 0.001-0.115 0.044 FAAS Florijancic et
Mallard Liver al. (2009)
(Anas platyrhynchos) Male 0.108-0.800° 0.418
PRy Female 0.083-0.432° 0.249
/ <LOD?*
e Liver / 0.09°
L A e el
Black coot
Muscle / <LOD*
/ <LOD*®
Liver e
Pigeon Urban / 0.52° FAAS Mlhélgilgt al.
Rural / 0.44b
Mallard . " Mateo and
(Anas platyrhynchos) Liver 0.25-1.3 0.65 C1e1Ets Guitart (2003)
Eurasian Woodcocks . b Kim and Oh
(Scolopax rusticola) Liver / 4.39 AAS (2013)
House sparrow . IIEL\;?I / 0.009 ICP MS Kekkonen et
(Passer domesticus) Urban / 0.016° al. (2012)
Mallard . b Aloupi et al.
(Anas platyrhynchos) Liver 0.66-2.03 / GFAAS (2017)
Common pheasant Liver 0.014-1.162° 0,262 ICP MS Nikolic et al.
(Phasianus colchicus) Muscle <LOD-0.049* 0,006 (2017)

Legend: *— wet weight, °— dry weight, ¥ — wild, - farm
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Materials a nd methods

Cadmium levels were measured in liver and leg
muscle of common pheasants in the period of four
hunting seasons within the framework of the Serbian
National Residue Monitoring Program (from 2018 to
2021). The total number of samples analysed was 327.

Samples were stored at —18°C. Frozen samples
were thawed at 4°C one day before the analysis and
subsequently homogenized. Approximately 0.3 g of
each sample tissue was accurately weighed (+ 0.001 g)
and transferred into a Teflon vessel of a microwave
digestion system with 5 mL nitric acid (67% trace met-
al grade, Fisher Scientific, Bishop, UK) and 1.5 mL
of hydrogen peroxide (30% analytical grade, Sig-
ma-Aldrich, St. Louis, MA, USA) for microwave
digestion. The microwave (Start D, Milestone, Sor-
isole, Italy) used a three-step program (5 min from
room temperature to 180°C, 10 min hold at 180°C, 20
min cooling and ventilation). After cooling, the digest-
ed sample solutions were quantitatively transferred into
volumetric flasks and diluted to 100 mL with deion-
ized water obtained from a water purification system
(Purelab DV35, ELGA, Buckinghamshire, UK).

Inductively coupled plasma mass spectrome-
try (ICP-MS), (iCap Qc, Thermo Scientific, Bremen,
Germany), equipped with a collision cell and operat-
ing in the kinetic energy discrimination (KED) mode,
was used to determine the '"'Cd isotope. A five-point
calibration curve (including zero) was constructed

for the quantitative analysis. Multielement internal
standard (°Li, #Sc, 10 ng mL™!; "'Ga, ¥Y and 2”Bi,
2ngmL™") was introduced inline by an addition-
al line through the peristaltic pump. Measured lev-
els were corrected for the response factors of internal
standards. The quality of the analytical process was
verified by analysing of the certified reference mate-
rial NIST SRM 1577c (Gaithersburg, MD, USA).
Reference material was prepared in the same way as
samples using microwave digestion. Replicate analy-
ses were in the ranges of certified values.

Statistical analysis

Statistical analysis of experimental data was per-
formed using Minitab® 17.1.0 Statistical Software.
One-way analysis of variance (ANOVA) and Tuk-
ey’s test were used for comparison of cadmium levels
between muscle tissue and liver within different years.

Results and Discussion

Tables 2 and 3 show the measured cadmium
levels in liver and leg muscle of common pheasant.

National legislation does not prescribe maxi-
mum levels (MLs) for cadmium in pheasant tissue.
Therefore, we used MLs for cadmium in poultry tis-
sue (liver, muscle) for compliance assessment; 0.50
mg kg ! for liver and 0.050 mg kg ™! for muscle (Offi-
cial Gazette of RS, 2014).

Table 2. Cadmium levels in liver of common pheasant from Serbia

Number of Mass fraction mg kg™! L.
Year - Non-compliant
samples Median Range Mean + SD
2018 89 0.203 0.025-4.206 0.354+0.511 17
2019 71 0.179 0.016-1.237 0.247+0.228 11
2020 92 0.226 0.005-1.324 0.306+0.274 18
2021 75 0.197 0.009-1.396 0.303+0.296 6.7
Legend:” Percentage of samples exceeding the permitted cadmium values defined for poultry by national legislation, which for liver
is 0.5 mg kg™".
Table 3. Cadmium levels in leg muscle of common pheasant from Serbia
Number of Mass fraction mg kg™ L
Year : Non-compliant
samples Median Range Mean+SD
2018 89 0.005 <LOD-0.146  0.009+0.018 34
2019 71 0.006 0.006-0.036 0.006+0.007 /
2020 92 0.005 <LOD-0.235  0.011+0.026 /
2021 75 0.006 0.001-0.048 0.011+0.012 /

Legend: " Percentage of samples exceeding the permitted cadmium values defined for poultry by national legislation, which for mus-

cleis 0.05 mg kg™
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Figure 1. Cadmium levels (mg kg™") in pheasant
liver samples

For the entire observed period (2018-2021),
levels of cadmium in liver were within the range of
0.005-4.206 mg kg '. The highest cadmium level in
liver was determined in 2018 (4.206 mg kg ') (Fig-
ure 1). Comparing cadmium levels in liver for the
four years, there was no statistically significant dif-
ference at a confidence level of 95%. The percentage
of samples that were non-compliant with the ML for
cadmium in liver was highest in 2020 (18.5%), and
decreased in the following order: 2018>2019>2021
(Table 2).

The highest mean cadmium level in leg mus-
cle was measured in 2020 (0.235 mg kg™") (Figure
2). Only 3.4% of all leg muscle samples exceeded
the ML. At a confidence level of 95%, there was no
statistically significant difference in leg muscle cad-
mium levels, comparing all four years. The limit of
detection (LoD) for cadmium was 0.001 mg kg'.

As expected, comparing the results between
liver and leg muscle, there was a statistically signif-
icant difference. Nikolic et al. (2017) reported a lev-
el of 0.262 mg kg, but for the period from 2018 to
2021 (the current study), the mean cadmium level
was 0.306 mg kg!. Therefore, the mean cadmium
level in the liver of pheasants in Serbia was slight-
ly higher in the period from 2018 to 2021 than in
previous years (2013-2016). The mean cadmium
level in the leg muscle of pheasants for the period
2018-2021 was 0.009 mg kg !, which was also high-
er than in 2013-2016 (0.006 mg kg'). Dzugan et
al. (2012) reported a higher mean cadmium level in
pheasant liver (Table 1) than was found in our study.

Figure 2. Cadmium levels (mg kg™") in pheasant
leg muscle samples

The cadmium level in liver reported by Celechovs-
ka et al. (2008) (Czech Republic) was lower than the
level in pheasant caught in Serbia.

Flis et al. (2020) reported that leg muscle sam-
ples from wild pheasant contained 0.012 mg kg™' of
cadmium, while farmed pheasant had 0.016 mg kg™!,
which means that the animals on the farms con-
sumed feed with a higher cadmium content than in
the food of wild birds. Both tested groups had high-
er cadmium levels in muscle than did birds in our
findings in Serbia. Unlike our results, Gasparik et
al. (2010) found 0.0336 mg kg! of cadmium in leg
muscle of pheasants from Slovakia, which was a
significantly higher level than our findings.

Conclusion

This study reports a slight increasing trend
(numerical but not statistical) of cadmium content
in the liver and muscles of pheasants, from 2014
onwards. Although such increase is not alarming,
further research is recommended for the purposes
of monitoring cadmium levels in the environment.
Based on these findings, it is apparent that contin-
uous biomonitoring of heavy metals is necessary in
industrial areas since it is a useful indicator of the
state of the environment. Firstly, this is because
pheasant is used in human nutrition, and secondly,
the data are useful to monitor concentrations of bio-
available cadmium that enters the food chain. Fur-
ther research could be expanded to analysis of soil,
air and water from pheasants’ habitats.
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Fazan kao sredstvo za biomonitoring nivoa kadmijuma
u zivotnoj sredini u Srbiji

Nikola Borjan, Zoran Petrovi¢, Stefan Simunovi¢, Dragica Nikoli¢ Perovi¢, Brankica Lakicevic,
Danijela Vrani¢, Sasa Jankovic¢

Apstrakt: Hrana kontaminirana teskim metalima je problem koji je sve ¢esci kod zemalja u razvoju. Jedan od teskih metala
oznacen kao zagadivac Zivotne sredine je kadmijum. Ptice predstavijaju dobar izbor za biomonitoring, posebno kod podrucja gde je
prisutan stacionarni izvor zagadenja. Uzorci fazana su prikupljeni tokom Cetiri lovne sezone u Srbiji u okviru programa Nacionalnog
pracenja rezidua od 2018. do 2021. godine. Ukupan broj uzoraka je iznosio 327. Kolic¢ina kadmijuma u uzorcima je odredena prime-
nom indukovano spregnute plazme sa masenim detektorom (eng. Inductively coupled plasma mass spectrometry — ICP-MS). Prosecna
vrednost kadmijuma u analiziranim uzorcima jetre i misica nogu je 0.306 mg kg™’ i 0.009 mg kg™!. Opseg nivoa kadmijuma je bio
0.005-4.206 mg kg™ za jetru i < 0,001-0.235 za misi¢ nogu. Nivo kadmijuma kod fazanu u Srbiji je neznatno povecan brojéano (ne
statisticki) u protekle Cetiri godine, pa nivo kadmijuma treba i dalje pazljivo pratiti.

Kljucne reci: kadmijum, biomonitoring, fazan, ICP-MS.
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