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The aim of the study was to assess the degree of bioaccumulation of lead in the muscle tissue 
of wild boars harvested in Poland in six selected voivodeships. The presence of chemical 
contaminants is one of the criteria for assessing the safety of food products for human con-
sumption. The material consisted of samples taken from wild boars in peak condition during 
the 2013/2014 season. The animals were shot down in six voivodeships: Lower Silesian, Lu-
busz, Kuyavian-Pomeranian, Warmian-Masurian, Greater Poland and West Pomeranian. 
The analysis showed that the acceptable concentration of lead was exceeded in only five ca-
ses, which was about 4.5% of the samples. Excessive concentrations occurred in the Greater 
Poland (1 sample), West Pomeranian (2 samples) and Kuyavian-Pomeranian (2 samples) 
voivodeships.
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Harmful substances which enter the environment due to human activity include 
pesticide residues, heavy metals, and their compounds. Due to lead accumulating 
in the tissues of successive links in the food chain, carcass parts become unsuitable 
for direct consumption by humans and animals. The most important activities gene-
rating accumulation of lead and its toxic compounds are the metallurgical, energy, 
and mining industries, transport, and agriculture [13]. Heavy metals, including lead, 
enter living organisms via the air, soil or water [4]. A significant source of accumu-
lation of heavy metals, including lead, is transport. Some toxic substances containing 
heavy metals, accumulating near roads, may be carried over short distances by the 
air, but the vast majority are carried together with precipitation washing over and 
permeating the road surface [3]. Another highly significant source of heavy metal 
contamination is municipal waste, as landfills release gases and leachate into the 
environment [11].

Regular consumption of fodder and food containing elevated levels of lead and other 
heavy metals may be manifested after many years, as these elements accumulate in the 
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body and can persist in the organs for an entire lifetime [4, 14, 16]. Lead has the highest co-
efficient of accumulation, ranging from 10% to even 600% [1]. The most important organs 
acting as filters for heavy metals are the kidneys, liver and bones. Lead is deposited in the 
muscles to a much lesser extent, but this depends on the intensity of exposure to the source 
of metals [16]. In animals consuming contaminated fodder, lead is deposited mainly in the 
skeleton (ribs), liver, kidneys and hair. The concentration of lead may be 5 times higher in 
the liver than in the muscles, and even 8 times higher in the kidneys [13, 16]. 

Increasing industrialization, the dynamic growth of automobile transport and the con-
tinual increase in the number of automobiles have become an enormous threat to wild 
animals, not only due to collisions and limitations on migration caused by infrastructure 
development, but also because of the pollutants emitted by automobiles. Therefore the 
tissues of wild animals may have a considerably higher concentration of heavy metals, 
including lead, than animals raised for slaughter. This mainly pertains to animals living in 
regions with high emissions of heavy metals. A high lead concentration is also linked to 
the use of lead ammunition. The concentration of lead in muscles taken from the vicinity 
of a gunshot wound may reach even hundreds of milligrams per kg, whereas parts of the 
carcass located further from the wound have shown much lower concentrations—tenths of 
a milligram per kg [2, 12]. 

The last decade has seen an increase in game harvesting in Poland, mainly of wild 
boar. The difference in the annual harvest is clearly evident; 106,800 individuals were 
harvested in the 2003/2004 hunting season, and over twice this number in the 2012/2013 
season—218,900 individuals (Fig.).

Fig. Harvesting of boars (in thousands of individuals) based on data from annual hunting plans [15]
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The objective of the study was to evaluate the degree of bioaccumulation of lead in 
the muscle tissue of wild boars harvested in Poland in six selected voivodeships, taking 
into account the sex and carcass weight of the animals. Game in forests may serve as a 
bioindicator of the degree of contamination of the environment, and the presence of heavy 
metals in the meat of wild animals is one of the criteria used to evaluate its suitability for 
consumption. 

Material and methods

The experimental material consisted of samples taken from wild boars in peak condition 
during the 2013/2014 season. The animals were shot down in six voivodeships: Lower 
Silesian (16 boars), Lubusz (14), Kuyavian-Pomeranian (21), Warmian-Masurian (20), 
Greater Poland (20) and West Pomeranian (20). Samples were collected from carcasses 
received at a game processing plant. The samples were taken at a minimum 30 cm distance 
from gunshot wounds. The meat was frozen at –18°C for about 4 weeks. All samples (111 
in total) were collected from the shin muscle of the boars. They were grouped according 
to the following criteria:

– origin (six voivodeships)
– carcass weight (up to 20 kg, 20-40 kg, 40-60 kg, over 60 kg)
– sex/age (young individuals—piglets, adults—female and male)
Lead content was determined by atomic absorption spectrometry. Samples were mi-

neralized under high pressure in a MARS 5 Xpress microwave digester by CEM. Lead 
content was determined in a graphite furnace with Zeeman background correction (in an 
argon atmosphere) with an AA 240Z Varian spectrometer. A certified reference material 
and blank samples were analysed in parallel with the experimental samples. The analysis 
was performed according to PN-EN 14084 [5].

The lead concentrations obtained were compared with the maximum acceptable levels 
of certain contaminants in foodstuffs. For meats, except for offal, the highest acceptable 
level of lead is 0.10 mg/kg, according to Commission Regulation (EC) no. 1881/2006 
[6]. Computer software (SAS Institute Inc. 2012. SAS/STAT 9.3 Users Guide. Cary; 
NC: SAS Institute Inc.) was used to calculate arithmetic means, standard deviations, and 
minimum and maximum values. Significance of differences between means was verified 
by Duncan’s test. 

Results and discussion

The study found the highest mean lead concentrations in the muscles of boars from the 
West Pomeranian Voivodeship (0.072 mg/kg), and the lowest in the Lubusz Voivodeship 
(0.015 mg/kg). The analysis showed that the acceptable concentration of lead was exce-
eded in only five cases, which was about 4.5% of the samples. This occurred in the Greater 
Poland, West Pomeranian and Kuyavian-Pomeranian voivodeships (1, 2 and 2 samples, 
respectively). The lead concentration in the remaining samples fluctuated at a low level 
and did not raise hygienic or toxicological concerns (Tab. 1). 
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Analysis of the lead content in the muscles of boars with different carcass weights sho-
wed a certain correlation. The greater the carcass weight, the lower the concentration of 
lead in the muscle tissue. The highest concentration of this element was noted in the boars 
with a carcass weight of up to 20 kg (0.0735 mg/kg), and the lowest in the boars with a 
carcass weight above 60 kg (0.0267 mg/kg) – Table 2.

Differences in lead concentration were also noted in the muscles of boars of different 
carcass weights harvested in particular voivodeships. The highest mean concentration of 
this element in animals whose carcass weight did not exceed 20 kg was noted in the West 

Table 1
Lead content in the muscle tissue of wild boars (mg/kg wet weight)

Voivodeship Number of  
samples Mean Range Standard  

deviation

Lower Silesian 16 0.0168b 0.0029-0.0623 0.0154

Lubusz 14 0.0152b 0.0035-0.0393 0.0093

Kuyavian-Pomeranian 21 0.0316 0.0022-0.1346 0.0342

Warmian-Masurian 20 0.0296 0.0042-0.0730 0.0212

Greater Poland 20 0.0413 0.0105-0.1523 0.0323

West Pomeranian 20 0.0722a 0.0133-0.6009 0.1292

Total 111 0.0361 0.0022-0.6009 0.0613

Values marked with the letters a and b significantly different at p<0.05

Table 2
Mean lead content in the muscle tissue of wild boars with different carcass weight (mg/kg)

Carcass  
weight

Number of 
samples Mean Standard  

deviation Minimum Maximum

< 20 kg 16 0.0735a 0.1421 0.0082 0.6009

20-40 kg 25 0.0369b 0.0283 0.0022 0.1605

40-60 kg 25 0.0280b 0.0314 0.0035 0.1346

> 60 kg 45 0.0267b 0.0310 0.0029 0.1346

Total 111 0.0613 0.0613 0.0022 0.6009

Means marked with the letter b are not significantly different at p<0.05
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Pomeranian Voivodeship (0.158 mg/kg), and the lowest in the Lubusz Voivodeship (0.014 
mg/kg). In the 20-40 kg weight range the boars most contaminated with lead were from 
the West Pomeranian Voivodeship (0.063 mg/kg), and the least contaminated were from 
the Lower Silesian Voivodeship (0.014 mg/kg). Among boars with carcass weight in the 
40-60 kg range, the highest lead concentration was noted for the muscle samples of boars 
shot down in the Kuyavian-Pomeranian Voivodeship (0.073 mg/kg), and the lowest in bo-
ars from the Lubusz Voivodeship (0.0080 mg/kg). In the weight category above 60 kg, the 
highest lead concentration was found in samples from the carcasses of boars harvested in 
the Greater Poland Voivodeship (0.061 mg/kg).

Comparison of the lead concentration in the muscle tissue of boars of different sexes 
revealed the highest mean concentration in the piglets (0.061 mg/kg), and the lowest in 
the adult males (0.028 mg/kg) – Table 3. Among young individuals the highest lead con-
centration was noted in the samples collected from the carcasses of boars harvested in 
the West Pomeranian Voivodeship (0.158 mg/kg). It should be noted that the high result, 
exceeding the maximum acceptable lead concentration (0.10 mg/kg), may be due to the 
low carcass weight of the young animals, and thus a shorter distance between the site 
where the sample was collected and the gunshot wounds. The lead concentration at these 
sites increases dramatically. This occurs when lead bullets are used and has no connection 
with contamination of the environment. The most lead was observed in the muscle tissue 
of boars harvested in the West Pomeranian Voivodeship (0.060 mg/kg), and the least in the 
Lubusz Voivodeship (0.011 mg/kg). Adult males from the Greater Poland Voivodeship had 
the highest lead concentration (0.059 mg/kg), while the lowest concentration was noted in 
adult males of the Lower Silesian Voivodeship (0.011 mg/kg).

The analysis showed that the meat of boars in the voivodeships studied can be conside-
red safe. According to regulations establishing the maximum acceptable levels of contami-
nants in foodstuffs, the content of lead in muscle tissue may not exceed 0.10 mg/kg [6, 7, 
8]. Acceptable norms were exceeded in only five samples. The lead concentration in the re-
maining samples was at a low level and did not raise hygienic or toxicological concerns. 

Table 3
Mean lead content in the muscle tissue of boars of different sexes and of piglets

Age/sex Number of 
samples Mean Standard  

deviation Minimum Maximum

Piglets 20 0.0614a 0.1288 0.0082 0.6009

Adult females 49 0.0335 0.0270 0.0022 0.1605

Adult males 42 0.0278b 0.0339 0.0029 0.1523

Total 111 0.0613 0.06132 0.0022 0.6009

Values marked with the letters a and b are significantly different at p<0.05
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Comparison of the results obtained for lead concentration in the muscle tissue of the 
boars with the results of screening tests for toxic elements in foods of animal origin con-
ducted by Szkoda et al. [9] indicates that the mean lead concentration in the muscle tissue 
of the boars was over seven times lower than the mean concentration of this element in 
the muscle tissue of boars in the screening tests (on average 0.273 mg/kg). Interestingly, 
a study by Szkoda and Żmudzki [10] published 10 years earlier showed a far higher lead 
concentration in the muscle tissue of boars—4.342 mg/kg, and the maximum limit for lead 
in meat was exceeded in 25% of samples tested. The researchers stated that such a high 
concentration of toxic elements was more likely linked to contamination of the carcasses 
from gunshot wounds than to contamination of the environment [10].

The results of our study show that meat obtained from harvested boars is safe in terms 
of contamination with heavy metals. This is important for consumers, as boar meat is cur-
rently offered in supermarkets.

Due to the scarcity of current scientific literature dealing with heavy metals in the musc-
le tissue of boars and other wild animals, further comparison of the results of the study with 
other research is not possible. The analyses showed that the concentration of lead in the 
muscle tissue of boars does not dangerously exceed norms defining the highest acceptable 
lead concentration in meat. These concentrations were exceeded in only 4.5% of cases, 
while the remaining results did not raise hygienic or toxicological concerns. Comparison 
of the results with the scientific literature concerning lead concentrations in the muscles 
and organs of boars revealed that the degree of environmental contamination and the qu-
ality of game carcasses have improved in the last few years [9, 10]. 
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