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ABSTRACT

The wild boar (Sus scrofa) is a popular game animal worldwide. Boar populations in Europe and Asia are
numerous and widespread. However, these animals pose numerous problems: they damage agricultural crops,
spread infectious diseases that are dangerous to pigs (e.g., African swine fever, ASF), encroach on human
settlements, cause traffic accidents, and are an increasing threat to humans. Attempts to reduce the number of
wild boars have a low success rate, since, thanks to their rapid reproduction, their herds quickly recover after
periods of intensive shooting. In addition, they perform well even in hostile environments and readily
colonize new areas. Hunting and systematic culling of wild boars are aimed at reducing their numbers and
population density. In 2019-2023, the annual harvest of wild boar carcasses ranged from 221,000 to 420,000.
After mandatory veterinary inspection, wild boar meat can be a more environmentally friendly, low-cost
alternative to pork. Considering the findings of various authors, the rules for marketing and consuming this
meat should be followed. Only meat from wild boar carcasses that have undergone mandatory testing for
Trichinella spiralis and Alaria alata should be consumed. The consumption of wild boar offal, especially
liver and kidneys, should be strictly avoided due to the accumulation of heavy metals and radioactive
contamination in these organs. Venison is an organic food, free of antibiotics and growth promoters.
However, due to the risks presented, it requires special treatment and veterinary control.
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INTRODUCTION

The wild boar (Sus scrofa) is a common wild mammal belonging to the Suidae family and is considered the
ancestor of domestic pigs. The natural range of wild boars extends from North Afica to South Asia. The wild
boar is a highly adaptable species, found in many habitats (from semi-desert areas to swamps and forests), and
has enormous reproductive capacity [1]. Velickovi¢ et al. [2] observed a divergent population structure and
identified 14 wild boar subpopulations. In Poland, wild boars are common throughout the country, from the
Baltic coast to the mountainous areas. They are game animals and, although they play an important role in forest
ecosystems, their growing populations and behavior can cause conflicts, particularly with agriculture. In the
past, wild boars fed at night on the edges of forests, penetrating fields in search of food, while during the day
they stayed in forest refuges. It is important to emphasize the positive role of wild boars in forestry and hunting,
which consists of: rooting or deep digging of the upper layers of forest soil and mixing litter with mineral soil,
as well as eating certain species of harmful forest insects and small rodents. In addition, wild boars maintain
hygiene in the hunting ground by eating dead animals and searching for and eating sick mammals and birds,
thereby reducing the possibility of disease outbreaks [3] and [4]. However, their behavior has changed
completely in recent years. The abundance of food around human settlements (allotments, garbage containers,
which contain more food) and in fields has led to the emergence of packs that spend most of their time outside
the forest, among fields of grain and corn. A study conducted in Poland found that the number of wild boars
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harvested was positively correlated with the expansion of maize crops [5]. Wild boars, including sows with
piglets, are increasingly being spotted during the day in fields, meadows, orchards, and gardens, as well as in
cities, where they come to feed in garbage cans and landfills. It is estimated that between 1,000 and 2,000 wild
boars live in the capital of Poland, Warsaw. Global warming, snowless, warm winters, an abundance of high-
calorie food, thoughtless feeding of wild boars in cities and on tourist trails, a lack of natural enemies, and an
increasing amount of wasteland, which provides ideal hiding places, have meant that wild boars are no longer
afraid of humans, and their population is growing rapidly. Therefore, wild boars are now increasingly seen as
pests. Wild boars are considered one of the “100 worst invasive species in the world” because they are unique
among other problematic terrestrial invasive species in that they are omnivorous generalists and function as both
large predators and herbivores throughout their native and non-native range [6], and [7]. According to Risch et
al. [8], wild pigs threaten 672 taxa in 54 different countries across the globe. Most of these taxa are listed as
critically endangered or endangered, and 14 species have been driven to extinction as a direct result of impacts
from wild pigs [8]. Across Europe, the wild boar population is growing steadily [1] and [9]. There was a sharp
increase in the 1960s and 1970s, followed by a period of stabilization in the 1980s. Since the 1990s, there has
been a sharp increase in the wild boar population [9], and [10]. Wild boars are responsible for damage to arable
land and serious impacts on biodiversity [11]. In addition, there has been an increase in the number of road
accidents involving wild boars, as well as concerns about disease transmission, which threatens public health
[12] and pig farming in many European countries [13]. Between 2014 and 2020, African Swine Fever virus
(ASFV) infected wild boar populations in eleven European Union (EU) countries: Estonia, Lithuania, Latvia,
Poland, the Czech Republic, Bulgaria, Belgium, Romania, Hungary, Slovakia, and Germany. Until July 30th,
2019, when the first case of African swine fever (ASF) was confirmed, Serbia was ASF-free [14]. A similar
situation occurred in Slovakia, where ASF appeared in August 2019 and the wild boar population reached its
highest level in six decades [15]. This led to the spread of African swine fever among pigs, threatening to wipe
out pig herds. Many European countries are implementing programs to control wild boar populations. In June
2021, Denmark announced the culling of the last wild boar on its territory [16]. An integrated approach to wild
boar population management should take into account the impact of biometeorological, demographic, and
ecological factors, as well as the risk of epidemics such as African swine fever, as the combined impact of
biometeorological and demographic factors is greater in regions affected by African swine fever [17].
Regulating the wild boar population is difficult due to the species' high reproductive rate and intelligence, which
limit the effectiveness of hunting [18]. Therefore, to effectively control the wild boar population, it is crucial to
coordinate hunting pressure evenly across large areas. The culling of wild boars for the purpose of depopulation
means that more wild boar meat is being obtained, which should lead to an increase in its consumption.
Compared to domestic pigs, wild boars present a higher degree of carcass fatness and larger loin areas, more
slow-twitch oxidative (I) and fast-twitch oxidative glycolytic (IIA), and darker, less tender, and leaner meat
[19].

Consumption of game

Although Poland is one of the leading producers and exporters of game meat in Europe, its consumption in
the country is very low, at around 0.08 kg/person/year [20], lower than in the Czech Republic (1.1
kg/person/year), Slovakia (0.56 kg/person/year) [21] or Croatia (0.55 kg/person/year) [22]. Of the 3,445
respondents from 10 European countries surveyed, 510 (14.8%) had never consumed game meat [21]. Game
consumption depends to the greatest extent on the geographical location — inhabitants of South-Eastern
European countries consume more of it than inhabitants of Central European countries [21]. The low
consumption of game meat among Poles is attributable to its high price and limited availability in retail outlets,
as well as the abundance of cheaper livestock meat on the market [23]. In addition, Polish game meat is an
export commodity. Nearly 95% of game meat is exported, with 70% going to the German market [23]. Wild
boar meat is suitable for processing [24], and [25] and is used in the production of luxury smoked meats (ham,
tenderloin), sausages (dry-cured, semi-dry-cured, medium- and finely-ground, steamed), as well as offal cold
cuts, patés, and preserves [23]. Consumers express concerns about potential risks associated with the
consumption of game meat, such as zoonoses, microbiological contamination, and the presence of heavy metals
and pesticides; therefore, it is recommended that consumption be limited among breastfeeding women and
children [26], and [27]. Wild boar meat must be tested by veterinarians for the presence of spiral worms. These
worms are found in both forest and domestic environments, and their main reservoirs are wild animals, mice,
and rats. Forest areas provide favorable conditions for the spread of Trichinella spiralis and Alaria alata, with
wild boars (Sus scrofa) and foxes (Vulpes vulpes) being the most important vectors [28], and [29]. The levels of
persistent organic pollutants in wild animals reflect the environmental contamination with these compounds.
Wild animals and game are good indicators of environmental contamination by chlorinated hydrocarbons, and
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game is a major secondary source of human contamination; therefore, monitoring game seems justified. Since
wild boars feed on farmland using a variety of foods, the chemical composition, quality, and safety of their meat
may vary.

Heavy metals and arsenic

Consumers are expressing concerns about potential risks associated with consuming game meat, including
heavy metals and pesticides [27] and [30]. The following tables present the concentrations of heavy metals and
arsenic in the muscle tissue (Table 1 and Table 2), the kidney (Table 3), and the liver (Table 4) of wild boars
shot in various European countries. The accumulation of Cd and Hg in the kidneys of wild boars was higher
than that found in the liver and muscle tissue. In many cases, the average concentrations of Cd and Hg in the
kidneys and Pb in the muscle tissue exceeded the maximum permissible values established for animals intended
for human consumption, in accordance with EU food safety standards. The accumulation of lead and cadmium
in the muscles and liver of wild boars increases with age [31]. Cammilleri et al. [32] found higher trace metal
and metalloid content in wild boars from industrial regions of Southern Italy. Bakowska et al. [33] also found
the highest concentrations of Cd in wild boars hunted in the southern regions of Poland, in areas characterised
by the highest degree of industrialisation and the presence of heavy industry. However, these authors also found
high concentrations of cadmium in wild boars hunted in north-eastern Poland, a region commonly considered
free of pollution. Vidosavljevi¢ et al. [34] found the presence of heavy metals (Cd, Hg, and Pb) and the
metalloid As in meat and offal samples from all studied locations in Papuk Nature Park (Croatia). Since the area
of Papuk Nature Park is uninhabited and there are no industry or roads, the elevated metal concentrations in
wild boar tissues could not be related to anthropological influences [34]. High lead content in venison may be
the result of secondary lead contamination from missiles.

Based on the data summarized in Tables 1 and 2, the muscle tissue of wild boars generally contained lower
concentrations of heavy metals compared to internal organs; however, substantial variability was observed
among countries and regions. Lead was the most problematic element in muscle tissue, with several studies
reporting concentrations that exceeded EU maximum limits, particularly in Hungary, Croatia, Italy (Sardinia),
and Poland. These elevated Pb levels are frequently attributed not only to environmental exposure but also to
secondary contamination caused by the fragmentation of lead-based ammunition during hunting. Cadmium
concentrations in muscle tissue were typically lower than in the kidneys and liver; however, in certain regions,
including parts of Poland, Slovakia, Turkey, and Romania, Cd levels approached or exceeded regulatory
thresholds. Arsenic and mercury were generally detected at lower concentrations or were below detection limits
in muscle tissue, although sporadic elevated values were reported even in areas considered environmentally
clean.

The kidney (Table 3) was identified as the primary organ of accumulation for cadmium and mercury,
confirming its role as a critical biomarker of long-term exposure. In several European countries, including
Poland, Slovakia, Spain, Sweden, and Turkey, cadmium concentrations in kidneys were markedly higher than
those measured in muscle or liver and often exceeded permissible levels for edible offal. Mercury was also
frequently detected in kidneys, although its concentrations showed considerable interregional variability. These
findings indicate chronic exposure of wild boars to environmental contaminants, reflecting both natural
geochemical background and diffuse pollution sources.

Liver tissue (Table 4) exhibited intermediate accumulation patterns, with cadmium and lead being the
dominant contaminants. Particularly high Cd and Pb concentrations were reported in Poland, Italy (Sardinia),
Spain, and Turkey, with some values exceeding 1000 ug/L. Although the liver plays a central role in
detoxification, its contaminant burden further underscores the potential health risks associated with the
consumption of wild boar offal. Overall, the results demonstrate that heavy metal and arsenic contamination of
wild boar tissues is widespread across Europe and is influenced by a combination of environmental factors,
animal age, feeding habits, and hunting practices. These findings highlight the importance of regular monitoring
and risk assessment of game meat and edible offal intended for human consumption.
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Figure 1 Wild boar Sus scrofa and its meat parts (https://www.rudfordfarms.uk/).
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Table 1 Content of heavy metals and arsenic in the muscle tissue of wild boars

hunted in various European

countries.
European countries
Poland Poland Slovakia Slovakia Hungary Romania
Characteristic [35] [36] [37] [38] [39] [40]
mg/kg mg/kg mg.kg ng/g w.w. mg/kg w.w mg/g
Hunting season September 2010-2011 November 2018 August winter
2011- 2014/2015 - and and September 2010-2021
December 2017/2018, December of
2013 2009 and
2010
Hunting area Upper Podkarpacie Tatra Zemplin region of Central North-
Silesia, Subcarpathia ~ National Nitra and Transdanubia Eastern
Turoszow south-eastern Park Topolcianky Region Romania
Coal Poland
Basin,
Masurian
Lake
Distric
Arsenic (As) nd nd 0.06-2.94  0.001- nd <0.5 nd
0.02
Cadmium (Cd) 0.001 - 0.01-0.06 0.003- 0.024- 0.043-0.373 <0.05 0.01-0.98
0.140 2.63 1.53
Lead (Pb) 0.002 - 0.06-0.18 0.009- 0.001- 0.039-61.3 0.22-0.36 0.025-
0.130 1.894 0.36 0.302
Mercury (Hg) 0.001 - nd 0.02- 0.001- 0.000-0.251 <0.5 nd
0.035 0.871 0.137
Chromium nd nd nd nd nd nd nd
(Cr)
European countries
Croatia Croatia Austria Italy Italy Italy Turkey
Characteristic [41] [34] [42] [43] [44] Sardinia [46]
(mg/kg) mg/kg mg/kg mg kg! mg/kg w.w. [45] mg/kg
wet WwW mg/kg dw
mass
Hunting season 2008/2009 2012- November 2022-2023  September
nd 2013 2005- nd 2013-
January February
2006 2014
Hunting area between the  Papuk Nature = Eastern Viterbo Molise - northern Kirikkale
Sava and Park Austria Province Bagnoli del Sardinia province
Drava Trigno and
Rivers Roccavivara
Arsenic (As) nd 0.012-0.286 0.012+ nd nd nd nd
0.011
Cadmium (Cd) 0.0002— 0.004-0.672 0.002+ 0.031- 0.001 nd 0.514+0.02
0.428 0.001 0.381
Lead (Pb) 0.001-1.01 0.03-9.1 0.015+ 0.080 — 0.011 0.011- 0.44+0.17
0.017 0.226 85.76
Mercury (Hg) 0.001— 0.005-0.103 0.008+ nd nd nd nd
0.036 0.005
Chromium (Cr) nd nd 0.007+ 0.069 — 0.066 nd 1.35+0.59
0.006 0.692
Note: nd - no data.
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Table 2 Content of of heavy metals and arsenic in the tissues of wild boars hunted in various regions of Poland
(ng.kg! fresh meat) (n=40) [47].

Voivodeships
Heavy metals DolnoslaskieLower Opolskie Slaskie Matopolskie Podkarpackie Lubelskie
Silesia Opole Silesia Lesser Poland ~ Subcarpathia Lublin
n=7 n=7 n=7 n=6 n=7 n=6

Arsenic (As) 6.68 4.28 9.78 12.6 6.06 7.4

pg.kg! (1.0-19.6) (2.7-17.0) (1.9-38.5) (9.6-17.8) (2.0-13.1) (5.0-9.8)
Cadmium 4.13 4,87 3.36 3.1 4.22 7.1
(Cd) pg.kg! (2.0-12.4) (1.0-12.4) (2.0-5.8) (1.9-4.5) (1.8-8.7) (3.0-11.2)
Lead (Pb) 42.45 18.75 35.06 22.53 14.0 36.4
pe.kg! (11.1-82.0) (2.0 -70.0) (4.9-63.9) (11.2-44.8) (10.9-21.0) (31.0-41.8)
Mercury 7.3 3.43 3.94 7.53 8.3 7.65
(Hg) pg.kg! (1.0-16.3) (1.1-6.0) (1.0-7.7) (6.3-9.0) (1.3-13.5) (6.3-9.0)

Table 3 Content of heavy metals and arsenic in the kidney of wild boars hunted in various European countries.

European countries

Characteri- Poland Serbia Croatia Croatia Romania
stic [35] [48] [41] [49] [40]
ng ke ng kg pg kg pg kg pg kg
Hunting season September 2011- 2008/2009 December 2008 winter 2010—
December 2013 nd and January 2009 2021
Hunting area Upper Silesia, eight between the Sava  eastern Croatia North-Eastern
Turoszow Coal localities in and Romania
Basin, Masurian Lake Serbia Drava Rivers
Distric
Arsenic (As) nd nd nd 0.0004-0.054 nd
Cadmium (Cd) 0.422-245. 50 0.18-9.77 0.003-13.67 0.001-8.233 0.113—
1.988
Lead (Pb) 0.013- 6.930 nd 0.001-3.89 0.001-0.792 nd
Mercury (Hg) 0.005 - 0.364 0.01-0.56 0.001-0.984 0.001-3.661 nd
European countries
Slovakia Slovakia Spain Sweden Turkey
Characteri- [50] [38] [51] [52] [46]
stics mg.kg! mg.g! w.w. mg.kg! mg.kg! mg.kg!
dry weight wet
weight
Hunting season 1998-1999 November and February 2021 October and September 2013-
December of December 2015 February 2014
2009 and 2010
Hunting area Central Zemplin region of Castile and Ledn Skane, Kirikkale
Nitra and region Blekinge, province
Topolcianky Uppland
Arsenic (As) 0.01-0.82 0.200 + 0.087 <LOQ-0.08 nd
Cadmium (Cd) 0.14-2.68 0.36-8.82 7.063 +7.271 0.16-12.8 3.05+0.99
Lead (Pb) 0.14-0.85 0.049-1.10 0.275+0.171 0.03-1.01 0.52+0.18
Mercury (Hg) 0.05-1.60 0.001-0.739 nd nd 0.12+0.17
Chromium 0.09-0.48 nd 0.184+£0.189 nd 1.82+1.79
(Cr)
Note: nd - no data.
Volume 20 79 2026



@ Scifood”

Table 4 Content of heavy metals and arsenic in the liver of wild boars hunted in various European countries
(mg/kg).

OPEN (3 ACCESS

Scifood

European countries

Poland Serbia Slovakia Slovakia Croatia
Characteristic [35] [48] [50] [38] [49]
mg.kg™! mg.kg! mg.kg! pg.g! wow. mg.kg!
Hunting season September 2011- nd 1998-1999 November and December 2008
December 2013 December of 2009 and January
and 2010 2009
Hunting area Upper Silesia, eight Central region of eastern Croatia
Turoszow Coal localities in Zemplin Nitra and
Basin, Masurian Serbia Topolcianky
Lake Distric
Arsenic (As) nd nd 0.01-0.90 nd 0.0001-0.0680
Cadmium (Cd) 0.029-39.60 0.03-1.26 0.12-0.94 0.190-1.92 0.022-1.616
Lead (Pb) 0.012 - 9.672 nd 0.06-0.43 0.040- 1.29 0.001-0.618
Mercury (Hg) <0.001-0.231 0.01-0.08 0.01-0.48 0.003-0.113 0.001-0.146
Chromium nd nd 0.02-0.49 nd nd
(Cr)
European countries
North Macedonia Italy Italy Sardinia Spain Turkey
Characteristic [53] [43] [45] [51] [46]
mg.kg! mg.kg! mg.kg! mg/kg dry mg.kg!
WW dw weight
Hunting season 2017- 2021 November 2005- 2022-2023 February 2021  September 2013-
January 2006 February 2014
Hunting area North Macedonia Viterbo northern Castile and Ledn Kirikkale
Bitola and Province Sardinia region province
Gevgelija
Arsenic (As) 0.001- 0.122 nd nd 0.096 = 0.048 nd
Cadmium (Cd) 0.037- 1.203 0.008-0.380 nd 0.701 = 0.635 0.61£0.15
Lead (Pb) 0.021- 1.095 0.179-0.564 0.030-251.19 0.299 £ 0.402 0.75+0.51
Mercury (Hg) 0.0026- 0.169 nd nd nd nd
Chromium nd <LOD-0.626 nd 0.085+0.034 1.30+0.77
(Cr)

Note: nd - no data.

Radionuclide content

The accumulation of *’Cs in game species has been studied worldwide following the Chernobyl disaster.
After deposition, radiocesium remains in the environment for a long time and continuously enters the food
chain, which is why game species are particularly susceptible to *’Cs accumulation — Tables 5 and 6.
According to Hohmann and Huckschlag [54] and Dvorak et al. [S5], radiocaesium enters the muscles of wild
boars through the ingestion of the underground fungus Elaphomyces granulatus. Radionuclide *’Cs is
monitored in food for food-chain contamination and as a potential risk to human health [56]. A limit of 600
Becquerels per kilogram (Bg/kg) for the sum of cesium-137 (**’Cs) and cesium-134 (**Cs) in food products is a
regulatory limit used by some countries, such as the European Union, to ensure consumer safety [S7]. Wild
boars (Sus scrofa) are notorious for accumulating high contamination levels of *’Cs in their meat. Kouba et al.
[56], examining the activity of *’Cs in the meat of 654 wild boars from the Novohradské Mountains in the
South Bohemian region, found that the permissible level of '*’Cs of 600 Bq-kg-1 was exceeded in 238 samples
(36.4%) of the meat of hunted wild boars. Olo§ and Dothanczuk-Srodka [58], examining the activity of '*’Cs in
samples of meat from wild animals obtained in the areas referred to as Anomalia Opolska (Opole anomaly),
located in south-west Poland, found that the activity of *’Cs ranged from 0.14 to 592 Bg/kg. The "Opole
anomaly" is a term referring to the significant radioactive contamination in the Opole region caused by
radioactive fallout from the Chernobyl disaster, resulting from heavy rainfall. Similar regions can be found in
other countries, e.g. the Fuzine area in Croatia [59] or Novohradské Mountains in the South Bohemian region
[56], where the values of *’Cs in wild boar meat are several hundred Bq kg™'. Czerski et al. [60] found three
times higher concentrations of Cs-137 in the muscles of wild boars than in roe deer and red deer hunted in
Poland between 2015 and 2022. The highest concentration of Cs-137 in the muscles of a wild boar hunted in
2021 was 4195 + 372.0 Bg/kg [60].
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countries (Bg/kg fresh meat).
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European countries

Poland Serbia Slovakia Czech Republic
Characteristics [47] [61] [62] [56]
Hunting season 2013/2014 - May 1% 2017 - 2019 December 2012 -
2016/2017 - January 31 December 2019
in 2020 and 2021
years
Hunting area Lower Silesia, four regions of various locations in Novohradské
Opole, Subcarpathia Serbia Slovakia (Gratzen)
Mountains
Cesium!¥’Cs <1.18-11.47 0.05-0.38 Bq/ kg 0.40 -37.2 981 Bq-kg!
(Bq/kg) North Serbia, Median 358
0.21-5.18 Bq/ kg Maximum 14252
Eastern Serbia
Cesium '¥Cs <1.06 0.01-0.07 Bq/ kg - nd nd
(Bq/kg) North Serbia,
0.02-1.11 Bg/ kg -
Eastern Serbia
European countries
Character- Belarus Germany Italy Italy
ristics [63] [64] [65] [66]
Hunting season 1991-2008 2019—- nd 2014and2016
2021
Hunting area Belarusia Polesie. Bavaria Reggio Chisone/Germanasca Valley and

Calabria PelliceValley districts (Piedmont)
Cesium 0.5-661 kBg/kg in 0.37-14 0.06 - 2.14 Bq 2014 liver
37Cs the Alienation kBq-kg-i kg! 0.0-39.7
(Bg/kg) Zone, Bq/kg;
0.3- 105 kBg/kg in 2016 liver
the permanent 3.1-113.3
control zone and Bqg/kg
0.1-2.4 kBg/kg in Kidney
the periodic 4.5-192.0
control zone Bqg/kg
Cesium '3Cs nd nd nd nd
(Ba/kg)

Note: nd - no data.

Table 6 Content of cesium '*’Cs and cesium '**Cs in the tissues of wild boars hunted in various regions of
Poland (Bg/kg fresh meat) (n=4) [47].

Voivodeships
Characteristics
Dolnoslaskie Opolskie Podkarpackie
Lower Silesi Opole Subcarpathia
n=2 n=1 n=1
Cesium *'Cs (Bq/kg) <1.18-6.73 <1.17 11.47+1.17
Cesium **Cs (Bq/kg) <1.06 <0.97 <0.62

Chlorinated hydrocarbons content

Levels of persistent organic pollutants in wildlife reflect environmental contamination by these compounds
[47]. Wildlife and game, especially wild boars, are good indicators of environmental contamination by
chlorinated hydrocarbons, and venison is one of the main secondary sources of human contamination, hence its
monitoring seems justified. The most frequently detected polychlorinated biphenyls PCB congeners were as
follows: PCB 153 in 3 samples, and PCB 138, PCB 180, PCB 28, and PCB 52.

Dichlorodiphenyldichloroethylene (DDE) and p,p’- DDE were found in the adipose tissue of wild boars
(Table 7). In the study by [67], the average DDT concentration in the fat tissue of wild boars was 0.241 mg/kg,
and PCB concentrations ranged from 0.015 mg/kg. Furthermore, in most studies, these authors found the
presence of p, p'-DDE in DDT as well as PCB 153, PCB 138, and PCB 180. Kaczynski et al. [68], examining
pesticide residues in the meat of wild boars, roe deer, and red deer from north-eastern Poland, found 28
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compounds: 5 neonicotinoids, 6 organochlorine, and 5 other insecticides, 9 fungicides, and 4 herbicides, in the
range of 0.1-85.3 ng g~'. The highest mean concentrations were as follows: anthraquinone (85.3 ng g™') > DDT-
p.p’ (4.6 ng g'') > imidacloprid (4.3 ng g'') > permethrin (3.6 ng g') > thiacloprid (2.8 ng g'"). DDT and
metabolites were the most frequently detected, followed by acetamiprid, tebuconazole, clothianidin, and
imidacloprid. Residues were found in all (n=42) analyzed wild boar meat samples [68]. Petrovi¢ et al. [69]
found higher content of chlorinated hydrocarbons in game animals from industrial regions of Serbia. For the
purposes of consumer protection, maximum limits (MRLs) for pesticide residues have been established in food
of plant and animal origin in the European Parliament and of the Council Regulation (EC) No 396/2005 [70].
Maximum residue limits (MRLs) in meat, for pesticides they are: DDT (1 mg/kg fat), HCB (0.2 mg/kg), a-HCH
(0.2 mg/kg), -HCH (0.1 mg/kg) and y-HCH (0.02 mg/kg). The chemical pollutants that wild animals may have
in their bodies are closely related to the chemical protection of the plants they eat. Considering that wild boars
travel up to 100 km in search of food [71], we cannot be certain what they have been eating, and without testing,
we do not know whether wild boar meat is safe in terms of heavy metal content, pesticide residues or
radioactive contamination. The consumption of wild boar offal, especially the liver and kidneys, should be
strictly avoided due to the accumulation of heavy metals and radioactive contamination in these organs.

Table 7 Content of Polychlorinated Biphenyles Congeners (PCB) and pesticides in the fat tissue of wild boars
(ngkg! fat) (n=12) [47].

Polychlorinated Biphenyles Found Not found
Congeners
PCB 101 0 12
PCB 118 0 12
PCB 138 1 (Lublin - 49 ng/kg fat) 11
PCB 153 3 9

Lublin 99.9+£25.0 pg/kg fat
Lublin 96.0+18.4 pg/kg fat
Lower Silesia 9.5+1.4pg/kg fat

PCB 180 1 Lublin 112 pg/kg fat 11
PCB 28 1 Lublin 297.2+59.4 pg/kg fat 11
PCB 52 1 Lublin 300.1+£39.0 pg/kg fat 11

DDE 6 (25.0-973.0 pg/kg fat) 6

p.p’- DDE 4 (11.5+4.1 - 107.8+38.8) 8

p.p’- DDT 1 (38.2+13.7) 11

Perfluoroalkyl acids (PFAAs) are among the leading chemical pollutants in the 21st century. PFAAs are used
in the textile and paper industries and in the production of non-stick consumer goods and household products.
Among them, perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS) are commonly detected
in animal raw materials [72]. Wild boars are exposed to perfluorooctanoic acid (PFOA) and perfluorooctane
sulfonic acid (PFOS) originating from flora, fauna, water, and soil, and the main route of exposure to PFOA and
PFOS is oral ingestion [73]. Wild boars accumulate PFAAs in their livers. In 2012, [74] found concentrations of
PFOA <45 pg/kg and PFOS <1780 ug/kg in liver samples and concentrations of PFOA <7.4 ug/kg and PFOS
<28.6 pg/kg in muscle tissue of wild boars in Hesse, Germany. Phthalates, or salts and esters of phthalic acid,
also pose a threat to the environment and human and animal health. They are primarily used as plasticizers to
provide flexibility and durability to plastics. Phthalates used in industry enter the environment and adversely
affect humans and animals. Hair samples seem to be the best matrix for studies on long-term exposure to
phthalates [75]. Agriculture is using more glyphosate. In 1994, the global agricultural use of glyphosate was
56,296 tons of active ingredient, increasing to 746,580 tons in 2014 [76], with some estimates suggesting that
use will rise to 920,000 tons by 2025 [77]. Glyphosate is an active ingredient in most herbicides utilized for the
purpose of weed control and desiccation on cereal and other grain crops, where wild boars feed [78]. Studies
show glyphosate residues in plant and animal products consumed by humans and in human blood and urine [79]
and [80]. Considering that wild boars feed in fields where glyphosate-containing plant protection products have
been used, the presence of glyphosate in wild boar meat should be monitored. Cokoski et al. [81] believe that
the biological characteristics and feeding habits of wild boar make them suitable for use as a bioindicator of
environmental pollution.
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Parasites

Opponents of wild boar meat consumption fear infection with Trichinella spiralis, which causes
trichinellosis, a serious disease in humans, or with Alaria alata, which causes alariasis. In 2015, the European
Commission implemented Regulation (EU) 2015/1375 [82] laying down detailed rules on official controls for
Trichinella in meat of domestic swine, wild boar and solipeds (e.g. horses), with the aim to reduce the number
of trichinosis cases in Europe. Trichinellosis occurs in many countries, including Poland and the regions of
Srem and the river valleys of the Danube, Drina, and Kolubara in Serbia [83]. In the EU, Trichinella-infected
pigs are mainly found in five countries (Bulgaria, Croatia, Poland, Romania, and Spain), whereas sporadic
infections in animals are reported in other Member States, including Slovakia [84]. The percentage of infected
wild boars in Poland in 2015-2019 was 0.48% [85]. During this period, the highest number of trichinosis
infections in wild boars was recorded in the following provinces: West Pomeranian — 1.13% (in relation to the
number of animals tested), Kuyavian-Pomeranian 1.09%, Swie;tokrzyskie — 1.06%, Greater Poland — 0.77%.
The lowest infection rates were recorded in the following provinces: Lower Silesia — 0.05%, Mazovia — 0.09%,
Opole — 0.14%, and Subcarpathia — 0.17%. Research conducted by Betcik et al. [86] using the multiplex PCR
method showed that there are four species of tapeworms in Poland: 7. spiralis, T. britovi, T. nativa, and T.
pseudospiralis. Mixed infestations of T. spiralis and T. britovi have also been observed. T. pseudospiralis, first
detected in wild boars in Poland in 2012 [87], is now regularly reported, although in significantly fewer cases
than other species. However, this indicates the need to use the digestion method to test meat for Trichinella, as
the compressor method is not particularly effective for this parasite species. In Serbia, the number of infected
wild birds decreased from 2.32% in 2012 to 1.087% in 2020 [88]. Alaria lata mesocercariae are also
increasingly being reported in wild boars, and alarioza is classified as a "re-emerging disease" in Europe,
especially in wetlands. Bilska-Zajac et al. [29] report an incidence rate of 4.2% in the southern Poland provinces
of Matopolska and Slask. Study [89] confirmed high prevalence of the parasite among wild boars from the
Eastern Lublin Province. Strokowska et al. [90] reported very high incidence rates of this disease in wild boars,
reaching up to 65% in the Warmian-Masurian Voivodeship, which is dominated by wetlands. Furthermore,
these authors believe that the occurrence and intensity of A. alata infestation in wild boars depend on the
environment in which they live, while the sex and age of the boar do not seem to affect the occurrence or
intensity of infestation. Alaria mesocercariae had previously been detected in the wild boar population in Serbia
[91]. Malesevic et al. [92] reported that the prevalence of Alaria mesocercariae in wild boars in northern Serbia
in 2013-2015 was significantly higher than in the Czech Republic, Hungary, Austria, or Croatia. Given the
occurrence of Trichinella spiralis and Alaria alata infections in wild boars, it is essential to test wild boar
carcasses for the presence of trichinella, preferably using the etching method, in accordance with Commission
Implementing Regulation (EU) No 2015/1375 [82], due to the sensitivity of the method. These measures are
proving effective, as in 2022, the 28 countries of the European Union/European Economic Area (EU/EEA)
reported 39 cases of trichinosis in humans, a decrease of 49% compared to 2021, and the reporting rate in the
EU/EEA was 0.01 cases per 100,000 inhabitants (the highest in Latvia (0.16) and Bulgaria (0.13). In Poland,
this rate has ranged from 0.01 to 0.03 in recent years (from 1 in 2022 to 13 in 2020 cases of trichinosis in
humans. In Slovakia, this rate has been 0.00 for years (the last case of trichinosis in humans was recorded in
2017). The consumption of untested pork or hunted wild boar meat poses the highest risk of trichinosis infection
in the EU/EEA [84]. Only about 40 countries worldwide do not have a problem with Trichinella, due to the
absence of suitable hosts for the development of this microorganism. The real problem continues to affect more
than 90 countries worldwide [93]. According to [94] wild boars, as natural reservoirs of Toxoplasma gondii and
Neospora caninum, pose a constant threat to humans, domestic animals and livestock, and the presence of
Anaplasma phagocytophilum transmitted by ticks can disrupt their immune system and make them more
susceptible to other parasites. In the opinion of these authors, the consumption of game meat can be considered
a risk factor for Toxoplasma gondii infection in humans. Furthermore, parasitological studies of wild boars
feeding in urban and suburban areas revealed mixed infections with coccidia and gastrointestinal nematodes. In
both groups of wild boars analysed, the parasites Eimeria debliecki, E. suis, E. polita, E. scabra and Isospora
suis were found, as well as two species of nematodes, Ascaris suum and Oesophagostomum dentatum [95].

Microplastics

Contamination of food, including meat and meat products, with microplastics is becoming an increasingly
serious problem due to its potential impact on consumer health. Microplastics can accumulate in the human
body and lead to inflammation, organ damage, and disruption of the endocrine and immune systems [96] and
[97]. Studies show that microplastics are present in livestock and poultry tissues at levels that raise concerns
about consumer safety (0—7700 mg/kg or 100-180,000 particles’kg) [98] and [96]. Given the change in wild
boar behavior and the fact that wild boars feeding in human settlements increasingly use landfills or garbage
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containers and may eat plastic packaging residues, and considering that humans have no control over where
wild boars feed and what they eat, the presence of microplastics in the meat of these animals should be
investigated.

CONCLUSION

The continuous growth of wild boar (Sus scrofa) populations across Europe and the implementation of
intensive culling programs have resulted in a marked increase in the availability of wild boar meat on the
market. Although this meat is often perceived as a natural and organic product free from antibiotics and growth
promoters, the findings of this review clearly demonstrate that its safety is strongly influenced by environmental
exposure and therefore requires strict veterinary, chemical, and radiological control.

Data from numerous European studies revealed a consistent, organ-specific pattern of heavy metal
accumulation in wild boars. Muscle tissue generally contained lower concentrations of toxic elements than
internal organs; however, lead (Pb) emerged as the most critical contaminant in meat intended for human
consumption. In muscle tissue, Pb concentrations ranged from trace levels up to extremely high values, reaching
61.3 mg/kg wet weight in Hungary and 85.76 mg/kg dry weight in Sardinia, far exceeding EU maximum
permissible limits. These elevated concentrations are largely attributed to secondary contamination from lead-
based ammunition rather than environmental exposure alone. Cadmium (Cd) concentrations in muscle were
typically lower but still reached 2.63 mg/kg in Slovakia and 0.98 mg/kg in Romania, with values in several
regions approaching or exceeding regulatory thresholds, particularly in older animals.

The kidney was unequivocally identified as the primary organ of accumulation for cadmium and mercury
(Hg). Reported Cd concentrations in kidneys ranged from 0.003 mg/kg to as high as 245.5 mg/kg, with the
highest values recorded in Poland. Mercury concentrations in kidneys reached up to 3.66 mg/kg, reflecting long-
term environmental exposure. In many cases, these values exceeded limits established for edible offal by several
orders of magnitude. The liver showed intermediate but still concerning accumulation patterns, with cadmium
concentrations reaching 39.6 mg/kg in Poland and lead concentrations up to 251.19 mg/kg dry weight in
Sardinia. Mercury concentrations in liver tissue generally remained lower than in kidneys but reached 0.48
mg/kg in Slovakia.

In addition to heavy metals, wild boars have been shown to accumulate radiocaesium (137Cs), with
concentrations ranging from background levels to extreme values exceeding 14,000 Bq/kg, particularly in
regions affected by historical radioactive fallout, such as the Novohradské Mountains. Furthermore, residues of
chlorinated hydrocarbons, pesticides, per- and polyfluoroalkyl substances (PFAS), and emerging contaminants,
including microplastics, were detected, reflecting omnivorous feeding behavior, extensive home ranges, and
frequent foraging in agricultural, urban, and waste-affected environments.

These results demonstrate that while wild boar meat can represent a valuable and sustainable food resource,
it is also characterized by a uniquely complex contamination profile. Safe consumption requires mandatory
testing for Trichinella spiralis and Alaria alata, strict exclusion of offal—especially kidneys and liver—from the
food chain, regular monitoring of heavy metals and radionuclides, and the reduction or elimination of lead-
based ammunition. From a public health and One Health perspective, wild boar meat should be classified as a
high-risk game product, and its increasing availability should be accompanied by enhanced surveillance,
evidence-based regulation, and clear consumer guidance.
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