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THE LEVELS OF MERCURY (Hg) AND ARSENIC
(As) IN WILD BOAR'S LIVER (Sus scrofa)

IN ELEVEN HUNTING AREAS FROM

THE REPUBLIC OF NORTH MIACEDONIA

RAZINE ZIVE (Hg) | ARSENA (As) U JETRI DIVLJE SVINJE
(Sus scrofa) NA JEDANAEST LOVNIH PODRUCJA
|Z REPUBLIKE SJEVERNE MAKEDONIJE
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SUMMARY

The monitors have recently been defined as the organisms in which changes in known characteristics can be
measured to assess the extent of the environmental contamination. Among numerous game species, wild boar as
an omnivore is characterized as an exceptionally good biomonitor. The concentrations of one heavy metal (Hg)
and one metalloid (As) were measured using cold vapour atomic absorption spectrometer and atomic absorption
spectrophotometry in the liver tissue of free-living wild boars. From 11 hunting areas that cover the whole territory
of North Macedonia in a period of 7 years (2016-2022) a total of 608 wild boar liver samples were harvested during
the regular hunting season. The mean concentration of Hg from 11 hunting grounds ranged from 12.7 pg/kg to
68.8 pg/kg, and mean concentration for all was 45.67 ug/kg. The average concentration of arsenic ranged from
22 pg/kg to 55.3 pg/kg, and mean concentration for all was 33.1 ug/kg. For mercury, 6.56% or 40 of the total number
of samples (608) exceeded the maximum allowed limits, and for arsenic none of the examined samples exceeded
the allowed limit. For both elements, a statistically significant difference was determined in relation to the years,
with irregular oscillations from year to year. The mean values for mercury and arsenic are encouraging and
generally indicate the relatively low contamination in the territory of the Republic of North Macedonia. However,
the statistical differences due to the year as a factor suggest there is a need for further research.
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INTRODUCTION of time (Stafilov et al. 2010). The industrial activities that
UvVoD contribute to the pollution of the environment with heavy

metals in the Republic of North Macedonia are mainly mi-
Most changes made by humans disrupt the natural balance  ning and metallurgical activities (Stafilov 2014). Most of
of many ecosystems that have evolved over a long period  these industries use raw materials or auxiliary chemical

' Kristijan Cokoski, MSc, Prof. Vladimir Maleti¢, PhD, Hans Em Faculty of Forest Sciences, Landscape Architecture and Environmental Engineering, Ss. Cyril and
Methodius University in Skopje, 16 Makedonska brigada St. No. 1, Skopje, 1000, Republic of North Macedonia

2 Assist. prof. Dejan Beukovi¢, PhD, Miroslava Polovinski-Horvatovi¢, PhD, Marko Vukadinovié, MSc, Faculty of Agriculture, University of Novi Sad, Trg Dositeja Obradoviéa
8, 21 000 Novi Sad, Serbia

® Elizabeta Dimitrieska-Stojkovi¢, PhD, Vangelica Enimiteva, Faculty of Veterinary Medicine, Ss. Cyril and Methodius University in Skopje, St. “Lazar Pop-Trajkov”
5-7, Skopje, Republic of North Macedonia

*Corresponding author: kristijancokoski@hotmail.com



@

substances in their operations. The waste from these indu-
stries is dangerous for people and the environment, often
even in very small quantities. The main industrial facilities
in the Republic of North Macedonia are located in Rado-
vish (copper mine and flotation), Veles (abandoned lead-
zinc and cadmium smelter), Kavadarci (ferronickel smel-
ter), Skopje (steel and ferroalloy production and steel
processing), Tetovo (abandoned ferrochrome smelter and
current ferrosilicon smelter), and Kichevo and Bitola (ther-
mal power plants, where lignite fuel is used). There are also
three Pb-Zn mines and flotation plants (Sasa, Toranica, Zle-
tovo), which are located in the eastern part of the country
and the previously active As-Sb-Ti mine Allchar, which is
located in the southern part of North Macedonia (Baran-
dovski et al. 2020). The industrial and the agricultural ac-
tivities (mining, smelting, etc.) are often associated with
local contamination of water, soil, air and plants grown near
these areas (Lénart et al. 2023). The accumulation of toxic
metals in plants, water and soil may increase the risk of its
transfer to wild mammals and game animals as the results
of the ingestion through diet (Bilandzi¢ et al. 2010, Fa-
landysz et al. 2005, Reglero et al. 2008). Especially dange-
rous are compounds that are easily accumulated in the li-
ving organisms, such as in the case of mercury and arsenic.

Mercury (Hg) is a global toxic pollutant, which tends to ac-
cumulate within the food chain. Its presence in humans and
animals is an indicator of environmental pollution with
mercury from both natural and anthropogenic sources, so
the presence of this heavy metal in the natural environment
is considered undesirable and potentially dangerous (Do-
browolska and Melosik 2002). The inorganic mercury with
high doses can affect the nervous, renal, cardiovascular and
gastrointestinal system (Grupta 2012). The reproductive
effects induced by the inorganic mercury include decreased
fertility and reductions in both live births and litter sizes
(Anonymous 2011). Arsenic is a metalloid from group V
of the Periodic Table of Elements (Stafilov and Sajn 2016),
so it is not classified as a heavy metal, but it is toxic and
dangerous for human health and is often studied together
with heavy metals. The inorganic arsenic (As) is an envi-
ronmental toxicant that occurs naturally in soil, water and
air and reaches consumers mostly through the food supply
contaminated by anthropogenic activities and geological
releases. Arsenic is an element, which tends to accumulate
in the living tissue, i.e. once ingested by any organism it is
passed out of the organism very slowly (Mandal and Suzuki
2002). The ingestion of large doses of As leads to gastroin-
testinal symptoms, disturbances of cardiovascular and
nervous system functions, and eventually death (Gomez-
Caminero et al. 2001).

The bioindicators have recently been defined as the organ-
isms in which changes in known characteristics can be
measured in order to assess the extent of the environmen-
tal contamination. In this way the conclusions can be drawn
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about health implications for the other species in the envi-
ronment as a whole (Balo$ et al. 2015). The identification
of heavy metal concentrations in the organs of free-living
animals provides an indirect measure of environmental
pollution, allowing the determination of the degree of ex-
posure of animals to these elements in a given area
(Wieczorek-Dabrowska et al. 2013). Due to its biological
characteristics (life habits, diet, relatively long lifespan) and
relatively simple sampling procedure during the regular
hunting season in the last decade, a significant number of
studies have been done, in which game animals were used
as a bioindicators of environmental pollution, especially
wild boar (Sus Scrofa L.), red deer (Cervus Elaphus) and roe
deer (Capreolus capreolus) (Bilandzi¢ et al. 2009, Gasparik
etal. 2017, Markov and Ahmed 2019, Santiago et al. 1999,
Srebocan et al. 2012). The long period of accumulation of
the chemicals during their lifetime can provide an early
warning of negative toxic effects in the ecosystem as a
whole. In the Republic of North Macedonia the wild boar,
one of the most numerous game species, is represented in
the entire territory of the country, and in the last decade its
number has increased drastically. This has been confirmed
by the data of the State Statistics Office, where the popula-
tion size increased 2 to 3 times from 2010 to 2020 (Anony-
mous 2021a). The largest number of hunters in North Mac-
edonia are focused on wild boar hunting. Therefore, in the
last few years, the number of harvested wild boars has in-
creased 3 to 4 times compared to the previous years (Anon-
ymous 2021b). For these reasons, it is very easy to obtain
wild boar samples during the regular hunting seasons and
to use this species for biomonitoring purposes.

The deposition of the heavy metals and their movement
through the environment depends on many physical and
biological processes and factors. In order to obtain a good
assessment of the transfer and the potential of a particular
pollutant, it is necessary to constantly monitor and measure
various physical, chemical and biological properties of the
ecosystem by means of appropriate bioindicators. The con-
tent of heavy metals in game tissues can serve as a good basis
for providing the important data on their presence in eco-
systems. In this study we used free-living wild boars to pro-
vide new data for the concentration of environmental con-
taminants Hg and As in the Republic of North Macedonia.

MATERIALS AND METHODS
MATERIJALI METODE

Study area — Studijsko podrucje

The Republic of North Macedonia is a country situated in
the central part of the Balkan Peninsula, bordering Serbia
to the north, Bulgaria to the east, Greece to the south
and Albania to the west, and it has a total area of 25,713
km?. The country is mountainous and has deep basins and
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valleys with three large lakes, and it is bisected by the Var-
dar River. It has a water area of 857 km?, while its land area
is 24,856 km? (Barandovski et al. 2020). This study was car-
ried out on 11 hunting areas that cover the territory of the
entire country (Figure 1), namely: Pelagonisko hunting
area (1), a total area of 408,279 ha; Ohridsko-Prespansko
hunting area (2), a total area of 183,743 ha; Kicevsko-
Brodsko hunting area (3), a total area of 173,624 ha;
Polosko hunting area (4), a total area of 168,717 ha; Skop-
sko-Kumanovsko hunting area (5), a total area of 276,105
ha; Sredno-Vardarsko hunting area (6), a total area of
220,525 ha; Krivorec¢ansko hunting area (7), a total area
of 109,524 ha; Bregalncko hunting area (8), a total area of
214,435 ha; Vlainsko-Male$evsko hunting area (9), a total
area of 139,233 ha; Strumicko hunting area (10), a total
area of 168,695 ha; and Dolno-Vardarsko hunting area
(11), a total area of 282,772 ha (Trpkov and Maletic 1997).

Sampling — Uzorkovanje

From the mentioned 11 hunting areas (number 1 to 11), a
total number of 608 liver samples of wild boar (aged be-
tween 2 and 4 years), shot by the hunters, were collected
during the regular hunting seasons (between 2016 and
2022). The collected samples did not have a normal distri-
bution according to the hunting areas. Samples were col-
lected, individually packed in polyethylene bags, and trans-
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ferred to the laboratory in refrigerated bags. The tissue
samples were frozen and stored at -20 °C until analysis.
During sampling operations, special care was taken to avoid
areas near the bullet pathways; all tissue samples were taken
at least >40 cm away from areas of bullet damage (Danieli
etal. 2012, Dobrowolska and Melosik 2008). It is important
to emphasize that all samples were collected by active hunt-
ers during the regular hunting seasons and no wild boar
was shot for the purpose of this research.

Analysis — Analiza

Sample preparation: Around 1 g of defrosted homogeni-
zed sample was weighted with an accuracy of £0.01 g into
a digestion vessel; 5 mL of concentrated HNO, with purity
for atomic absorption and 1 mL of 30% hydrogen peroxide
was added to the sample (both reagents supplied by Merck,
Darmstadt). The digestion was performed with a high-per-
formance microwave oven (model Ethos Up, Milestone Srl,
Sorisole, Italy) according to the procedure given in
EN 13805:2014 (Anonymous 2014). Briefly, the microwave
temperature was ramped for 20 min up to 220 °C, followed
by 15 min digestion step at the same temperature. The
microwave potency was automatically adjusted by tempe-
rature/pressure control sensors in each digestion vessel. The
cooled samples were diluted to a volume of 25 mL with
Milli-Q quality deionized water. Analysis of As was perfor-
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Figure 1. Eleven hunting areas (1-11) in the Republic of North Macedonia and the locations of pollutants
Slika 1. Jedanaest lovnih podrucja (1-11) u Republici Sjevernoj Makedoniji i lokacije zagadivaca



Table 1. Furnace program for arsenic determination and FIMS program
for mercury determination

Tablica 1. Furnace program za odredivanje arsena i FIMS program za
odredivanje Zive

Furnace program for arsenic determination

Temperature Ramp time  Hold Time Internal flow
(°C) (seconds) (seconds) (mL/min)

1 110 1 25 250

2 130 5 30 250

8 1350 35 20 250

4 2150 0 5 0

5 2450 1 3 250

6 20 15 20 0
Step Time Pump speed p:)/:ilxsn Read
Prefill 15 120 Fill No

1 15 120 Fill No

2 20 120 Inject Yes

3 0 0 Fill No

med by electrothermal atomic absorption spectrometer
(ETAAS) model AAnalyst 600 (Perkin Elmer, Waltham,
Massachusetts) with Zeeman background correction. As a
matrix modifier for arsenic atomization at wavelength of
193.7 nm (slit width 0.7 nm), 0.005 mg Pd ((NO,),) solu-
tion was used according to EN 14332:2004, (Anonymous
2004). Furnace program for As determination in the liver
matrix was optimized for maximal method sensitivity (Ta-
ble 1). Mercury was analyzed by cold vapour atomic absor-
ption (CVAAS) technology (EN 13806:2002) (Anonymous
2002), using flow-injection analysis system for mercury,
model FIMS 100 (Perkin Elmer, Waltham, Massachusetts).
For Hg analysis, electrodeless discharge lamp at 253.7 nm
was used, and slit width was 0.7 nm. The reagents used were
3% (V/V) HCl as carrier solution and 0.2% NaBH, in 0.05%
NaOH as reducing reagent. The optimized FIMS 100 pro-
gram for mercury determination is presented in Table 1.
For instrument calibration, suitably diluted solutions of cer-
tified reference materials (CRM) of Hg and As (all purcha-
sed from Carl Roth GmbH, Karlsruhe, Germany) were
used. Data acquisition and quantification of analyses was
performed by WINLAB 32 software for AA, version
6.2.0.0079 (Perkin Elmer, Waltham, Massachusetts).

Method quality assurance: The methods for As and Hg
determination were validated according the requirements
proscribed by the Commission Regulation (Anonymous
2007). Method validation was performed by analysis of cer-
tified reference material (CRM) - offal liver FAPAS test ma-
terial 07199. Thus, the method performance characteristics
were the following: linearity from 5 calibration points was
in the range of 0.018-20.0 pg/L for As and 0.014-5.0 pg/L
for Hg, respectively, with R*> 0.99; limits of quantification
were 0.66 pg/L (As) and 0.048 pg/L (Hg); the method pre-
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cision (RSD) and recovery was 4.42% and 80.58% for As,
and 5.06% and 91.1% for Hg, obtained from six replicate
analyses of CRM. The obtained method performances ful-
filled the requirements laid down in the respective regula-
tive (Anonymous 2007). Each batch of samples was followed
by one reagent blank sample and one CRM sample, thus
providing internal quality control of the analysis. External
quality control was assured by participation in proficiency
test organized by FAPAS-FERA (UKAS accreditation) and
the European Union Reference Laboratory for metals,
EURL-MN, DTU (DANAK accreditation). The method
was accredited according to ISO/IEC 17025:2017
(Anonymous 2017).

Statistical analysis — Statisticka analiza

Statistical analysis was performed using the Statistica
software version 14 (StatSoFT STATISTICA Software),
while Microsoft Excel 2016 MSO (16.0.4312.1000) was used
for descriptive analysis. To examine differences between
sampling areas we used the two-way analysis of variance
(ANOVA) test. Statistical significance was set at p < 0.05.

RESULTS AND DISCUSSION
REZULTATI | RASPRAVA

The results of the analysis of Hg and As concentrations in
wild boar liver tissues from 11 different hunting areas in
the Republic of North Macedonia collected in the period of
7 years are presented in Tables 2 and 3, in the forms of the
mean, median, minimum and maximum values. In our
study, mercury was detected in 82.6% (502) of the total
number of samples (N=608) and no statistically significant
difference was found among all 11 hunting areas for this
heavy metal. The mean concentration of Hg in livers of wild
boar from 11 hunting areas was in the range from 12.7 pg/
kg to 68.8 pug/kg and mean concentration for all was 45.67
pg/kg. The maximum mean value of 68.8 ug/kg was mea-
sured in hunting area number 5 (Skopsko-Kumanovsko).

The detected mercury values of 0.04 £0.03 mg/kg in the liver
of wild boars on hunting ground of state forests of Slovakia
(Gasparik et al. 2012) shows similar concentrations to our
study. On the other hand, when determining the concentra-
tion of heavy metals in meat and organs of wild boar, lower
values of mercury in the liver were determined by Florijancic
etal. (2015) in a study conducted on hunting grounds in ea-
stern Croatia with the mean range of 0.012+0.002 to
0.02610.003 mg/kg, and by Durkalec et al. (2015) in a study
conducted on three locations in Poland, with the mean range
0£0.019+0.013 t0 0.027+ 0.033. mg/kg. In another study, also
done in Poland, on the basis of 14 samples originating from
wild boars, it was determined that mercury values in the li-
ver ranged (minimum-maximum) from 0.015 to 0.061,
which is somewhat lower than our results (Dobrowolska and
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Melosik 2002). However, drastically higher values, not only
in relation to our results, but also in relation to the other
mentioned studies, were obtained in the Russky Sever Nati-
onal Park (North-West of Russia). At this location, the mean
value of mercury in the liver was 0.419 mg/kg, which is al-
most 10 times higher than the mean value in our results
(Eltsova and Ivanova 2021).

The maximum level of Hg is not specified in the Commi-
ssion Regulation (EC) no 1881/2006, setting the maximum
level for certain contaminants in foodstuffs (Anonymous
2006). The situation is the same in the Republic of North
Macedonia, because the regulation is fully harmonized with
the European one. For that reason the suggestions of The
European Union Reference Laboratory for Chemical Ele-
ments in Food of Animal Origin in Rome (EU-RL CEFAO)
about the maximum level of Hg in the Commission Regu-
lation (EC) no 149/2008 (Anonymous, 2008) should be res-
pected. In this regulation specified for residues of pesticides
in or on food and feed, of plant and animal origin, the maxi-
mum allowed level of Hg is 0.1 mg/kg of wet weight (Dur-
kalec et al. 2015, Lénart et al. 2023). In this study, looking
at all locations, 6.56% (40/608) samples exceed the maxi-
mum allowed limits (N>0.1 mg/kg). The maximum value

of 961 pg/kg, which is 9.5 times higher than the legal limit,
was measured in hunting area number 1 (Pelagonisko).
Accumulation and toxicity of Hg in aquatic biota, domestic
animals, and humans have been well investigated and docu-
mented, but relatively little is known about these processes
in wild terrestrial mammals. The concentration of heavy
metals in animal tissue usually depends on the duration
and speed of intake by the animal. Such bouncing values
are probably the result of annual accumulation of mercury
in the body through diet. As an omnivore, the wild boar
eats both plant and animal food (Bilandzi¢ et al. 2010,
Lénart et al. 2023), and searches for it on and below the
surface of the soil. The strongly bound inorganic mercury
in the soil may be the reason for this due to the wild boar's
diet. Regarding all parts of plants (Florijancic et al. 2015),
roots are the best known place of deposition of Hg, and are
favourable food for wild boars. However, in the studies by
Stafilov (2014), the occurrence of heavy metals such as mer-
cury in the soil were relatively unimportant in the region
of this hunting area where the maximum sample was de-
termined. It is perhaps due to the nature of the wild boars’
behavior and long-distance movement (maximum daily
movement varies between 4 and 27 km, on average 5.4 km

Table 2. Mercury concentrations (pg/kg) in the livers of wild boars from 11 hunting areas in The Republic of North Macedonia, in a period of 7

years (2016-2022)

Tablica 2. Koncentracije Zive (ng/kg) u jetrima divljih svinja iz 11 lovnih podrucja u Republici Sjevernoj Makedoniji, u razdoblju od 7 godina (2016.-2022.)

Concentration in pg/kg wet weight

Mercury (Hg)
Locations Mean Median
Lokacije b= el o NCUER Medijan
1 101 42 (6.9) 42.7 21.4 1 968.1 5(0.82)
2 89 17 (2.79) 43.3 324 1 283 6 (0.98)
3 48 9(1.48) 42.1 27.6 2.1 255.8 4 (0.66)
4 49 1(0.16) 29.6 19 1 281.8 1(0.16)
5 16 1(0.16) 68.8 18.3 1,5 562.8 2(0.32)
6 15 0 12.7 13 3.2 31.4 0
7 42 15 (2.46) 51.9 31 3.1 307.2 4 (0.66)
8 8 0 22.6 24.6 5.6 31.7 0
9 24 2(0.33) 54.4 38.8 4.7 166.6 4 (0.66)
10 51 2(0.33) 61.6 43.8 1 405.8 7(1.15)
1" 64 17 (2.79) 51.5 29 1 485.6 7(1.15)
> 502 106 (17.4) 45.67 27.15 1 968.1 40 (6.56)
2016 25 4 (0.66) 45.07 32.8 71 112.7 1(0.16)
2017 81 15 (2.47) 44,52 28,4 1,5 283 6 (0.98)
2018 85 18 (2.96) 39.84 21 1 562.8 5(0.82)
2019 57 15 (2.47) 38.37 21.4 1 307.2 4 (0.66)
2020 82 30 (4.93) 42.07 31.9 1 282.1 5(0.82)
2021 87 11(1.8) 32.27 16.2 1 195.2 5(0.82)
2022 85 13 (2.14) 74.89 41.20 1 968.1 14 (2.3)
> 502 106 (17.43) 45.67 27.15 1 968.1 40 (6.56)

1-11 Hunting areas; N — number of samples; N < LODs % - number of samples bellow the limit of detection (%); N > Pv % - number of samples exceeding the permitted

value (%)

1-11 Lovna podru€ja; N — broj uzoraka; N < LODs % - broj uzoraka ispod granice detekcije (%); N > Pv % - broj uzoraka koji premasuje dopustenu vrijednost (%)
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Table 3. Arsenic concentrations (ng/kg) in the livers of wild boars from 11 hunting areas in the Republic of North Macedonia, in a period of 7

years (2016-2022)

Tablica 3. Koncentracije arsena (pg/kg) u jetrima divljih svinjaiz 11 lovnih podrugja u Republici Sjevernoj Makedoniji, u razdoblju od 7 godina (2016.-2022.)

Concentration in png/kg wet weight

Arsenic (As)
Locations Mean ELET
Lokacije Lt ol ) Srednja v. Medijan
1 94 49 (8.06) 30.8 22.9 2 247.9 0
2 85 21(3.45) 38.9 30.9 1 291.5 0
3 44 13 (2.14) 30.2 29 2 92.2 0
4 49 1(0.16) 21.9 24.4 2 155.7 0
5 13 4 (0.66) 33.3 22.1 1.4 118.6 0
6 15 0 23.1 18 1. 80.5 0
7 37 20 (3.29) 35.9 29 4.3 261 0
8 3 0 22 26.6 3.6 35.9 0
9 19 7(1.15) 55%3) 56.8 9 100.8 0
10 40 13 (2.14) 21.8 22.1 1.5 91 0
" 59 22 (3.61) 32.3 19.7 1.2 465.5 0
z 458 150 (24.7) 33.1 27.1 1 465.5 0
2016 25 4 (0.66) 41.2 40.2 18.9 91 0
2017 74 22 (3.62) 35.3 32.1 1.4 86.1 0
2018 76 27 (4.44) 24.3 15.5 1 261 0
2019 53 19 (3.12) 13.2 1.3 2 91.3 0
2020 71 35 (5.75) 18.5 8.6 1.2 248.8 0
2021 85 13(2.14) 31.3 34.3 2 122.5 0
2022 68 30(4.93) 63.9 42.7 12.9 465.5 0
> 458 150 (24.7) 33.1 27.1 1 465.5 0

1-11 Hunting areas; N —number of samples; N < LODs % - number of samples bellow the limit of detection (%); N > Pv % - number of samples exceeding the permitted

value (%)

1-11 Lovna podrucja; N — broj uzoraka; N < LODs % - broj uzoraka ispod granice detekcije (%); N > Pv % - broj uzoraka koji premasuje dopustenu vrijednost (%)

according to Miettinen et al. 2023), so this concentration
integrates the contamination of much larger areas.

The statistically significant difference was found in the mer-
cury concentration of liver samples between the years, i.e.
the mean value for this heavy metal in 2022 was signifi-
cantly higher than those measured in 2018, 2019 and 2021.
In the same year (2022), the largest number of mercury va-
lues exceeding the maximum permitted limits by the regu-
lation were measured, i.e. 2.3% out of 6.56% or 14 out of a
total of 40 samples exceeding the permitted limits (N>0.1
ug/kg). Also, in the same year, the maximum value of 968.1
ug/kg and the maximum mean value of 74.89 ug/kg was
measured.

Although there are some values that exceed the maximum
allowable limits, it is important to note that the mean va-
lues for mercury are almost two times lower than the
allowable limits, and even the maximum mean value does
not exceed the limit. It is much easier to determine the re-
ason and make a conclusion when the concentration of
some heavy metal has an excessive increase or decrease over
the years. However, regarding the occurrence of mercury
in our results, many factors have influence on the final re-

sult. These factors are the place of sampling (since the sam-
ples are collected during the regular hunting season, most
of the time the number of samples is not evenly distributed
between the compared hunting areas and over the years),
the geological origin of the heavy metals (whether the in-
vestigated heavy metal is naturally present in that area),
anthropogenic impact on that area (whether there is a po-
tential pollutant for the given location/hunting ground in
the researched area), the age of individuals (heavy metals
accumulate in animals in the course of their lives, so older
individuals often have higher concentrations) and many
other factors that require separate additional research in
order to obtain a correct conclusion about such oscillations.

Similarly to mercury, the maximum permissible level of ar-
senic is not regulated for mammal food-producing animals
in the EU legal regulation for foodstuffs of animal origin,
including muscle and fat tissue (Regulation (EC) No
1881/2006) (Anonymous 2006). Also, in the regulation of
the Republic of North Macedonia, which is fully harmoni-
zed with the European one, the maximum allowable limits
for arsenic in animal organs are not specified. However, the
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national action level of arsenic in wild boar liver is 0.5 mg/
kg in accordance with the Annual Plan for monitoring re-
sidues and illegal substances in live animals, products and
raw materials of animal origin for 2020 (Anonymous 2020).
Also, in the regulations for maximum allowed levels of cer-
tain contaminants of the Republic of Serbia, the maximum
allowed level of arsenic is 0.5 mg/kg. For that reason, we
have compared our results with this maximum level of As
(0.5 mg/kg of wet weight). It is important to emphasize that
from all the samples in which arsenic was detected (458
samples), none of them had the values which exceeded the
maximum allowed limit (N>0.5 mg/kg). It indicates a rela-
tively good condition of the ecosystem based on this me-
talloid.

The arsenic was detected in 75.3% (458) of the total num-
ber of samples (N=608). The same as for mercury, no sta-
tistically significant difference was found between all 11
hunting locations for arsenic. The mean concentration of
As in the livers of wild boar from 11 hunting locations was
in the range from 22 ug/kg to 55.3 ug/kg and mean concen-
tration for all was 33.1 pg/kg. The maximum mean value
of 55.3 pg/kg was measured in the hunting area number 9
(Vlainsko-Male$evsko).

In the study conducted by Reglero et al. (2009), in the Pb mi-
ning area of the valley of Alcudia and the Sierra Madrona
mountains (Southern Spain), the mean values obtained for
arsenic in the liver of wild boars were two times higher than
the results in this study, i.e. the mean values for arsenic were
0.062 mg/g (in the mining area) and 0.062 mg/g (in the con-
trol area). Almost seven times higher values for arsenic in
wild boar liver (mean value of 0.21 mg/) compared to our
results were obtained by Piskorova, et al. (2003), in a study
conducted in the Central Zemplin region of the Slovak Re-
public. However, lower values of arsenic in the wild boar li-
vers were determined by Florijancic et al. (2015), in a study
done on hunting locations from eastern Croatia, with the
mean range of 0.013+0.001 to 0.019+0.0005 mg/kg.

In our results, similarly to mercury, the statistically signifi-
cant difference was found in the arsenic concentration of
liver samples between the years. The mean values for arse-
nic differed statistically in the following years: 2016 and
2019, 2017 and 2019/2022, 2019 and 2021, 2020 and
2021/2022. Although there are significant differences in
mean arsenic values over the years, all mean values are well
below the maximum levels allowed by law regulation, and
this is clearly confirmed even by the maximum arsenic con-
centration of 465.5 ug/kg determined in 2022, which is also
below the permissible limit. According to Stafilov and Sajn
(2016), the mean value of arsenic content in topsoil in the
Republic of North Macedonia was 9.2 mg/kg, which was
lower than the European topsoil content of 12 mg/kg and
it corresponds to our results knowing that the wild boar

usually looks for food on the surface and below the surface
of the soil. Due to the fact that the occurrence of arsenic
can be a result of geological representation or anthropoge-
nic influence, and that in this study there was no statistically
significant difference in terms of locations as we could take
into account the possible sources of arsenic, it is very diffi-
cult to explain such multiple oscillations over the years,
except for additional research on the factors that were men-
tioned in relation to mercury. Some European countries
have a problem with the natural presence of arsenic, but
from the results of this study it can be concluded that this
is not the case for the Republic of North Macedonia.

In general, edible internal organs of game are rarely used
for human consumption and therefore their potential ne-
gative impact on public health is minimal. The game meat,
which is most often used in human consumption, in nu-
merous studies had a much lower incidence of the occu-
rrence and concentration of heavy metals compared to the
internal organs of game (Bilandzi¢ et al. 2009, Durkalec et
al. 2015).

CONCLUSION
ZAKLJUCAK

The results of this study are encouraging and it can be
concluded that the Republic of North Macedonia does not
have a problem with excessive contamination with the exa-
mined elements (Hg, As). Although in some samples the
mercury values exceeded legal limits (number and %), the
mean values for both mercury and arsenic were below the
maximum allowable levels. Regarding these two elements,
a statistically significant difference was not determined in
relation to the locations, while the mean values in relation
to the years differed statistically significantly Therefore,
additional research is needed, where a larger number of in-
fluential factors will be taken into account to determine the
specific cause of such oscillations.
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SAZETAK

Monitori se definiraju kao organizmi kod kojih se promjene poznatih karakteristika mogu mjeriti kako
bi se procijenio intenzitet one¢i$¢enja okolisa. Medu brojnim vrstama divljaci, divlja svinja kao svejed
okarakterizirana je kao iznimno dobar biomonitor. Koncentracije jednog teskog metala (Hg) i jednog
metaloida (As) izmjerene su pomoc¢u atomskog apsorpcijskog spektrometra s hladnom parom i at-
omske apsorpcijske spektrofotometrije u tkivu jetre divljih svinja. Iz 11 lovnih podruéja koja pokrivaju
cijeli teritorij Sjeverne Makedonije u razdoblju od 7 godina (2016-2022) prikupljeno je ukupno 608
uzoraka jetre divlje svinje izlovljene tijekom redovne sezone lova. Srednja koncentracija Hg iz 11 lovnih
podruéja kretala se od 12,7 pg/kg do 68,8 g/kg, a srednja koncentracija za sva iznosila je 45,67 pg/kg.
Prosje¢na koncentracija As kretala se od 22 pg/kg do 55,3 pg/kg, a srednja koncentracija za sve iznosila
je 33,1 pg/kg. Koncentracija Zive kod 6,56 % (40) uzoraka presla je dopustenu granicu, dok za arsen
ni jedan ispitani uzorak nije presao dopustenu granicu. Za oba elementa utvrdena je statisticki znacajna
razlika u odnosu na godine, s nepravilnim oscilacijama iz godine u godinu. Srednje vrijednosti za Zivu
i arsen ohrabrujuce su i op¢enito ukazuju na relativno nisku kontaminaciju na podruc¢ju Republike
Sjeverne Makedonije. Medutim, statisti¢ke razlike zbog godine kao faktora ukazuju na potrebu za
daljnjim istrazivanjem.

KLJUCNE RIJECI: divlja svinja, Hg, As, lovna podrudja, jetra



