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ABSTRACT 
Currently, due to the elapsed time and the nature of the Chernobyl accident, the only artificial radionuclide present in the 
soil is 137Cs, with a physical half-life conversion of 30.17 years. The 137Cs is quickly integrated into a biological cycle, 
similar to potassium. Generally, radionuclides are characterized by their mobility in soil. Contamination of materials and 
food by radionuclides represent a serious problem and has a negative impact on human health. The threat of international 
terrorism and the inability to forestall the impact of natural disasters on nuclear energetic (Fukushima accident), are also 
reasons for continuous monitoring of food safety. According screening measurement performed in European countries, 
high radioactivity levels were reported in the wild boars muscles from Sumava (Czech Republic). Seasonal fluctuation of 
137Cs activity in the wild boar meat samples was observed in the forests on the southern Rhineland. Monitoring of 137Cs 
activity in the wild boar meat samples in the hunting grounds in Slovakia was initiated based on the reports on exceeding 
limits of the content of radiocaesium in the meat of wild boar from the surrounding countries. The aim of this study was to 
determine the 137Cs post Chernobyl contamination of wild boars population in different hunting districts of Slovakia during 
2013 – 2014. A total of 60 thigh muscle samples from wild boars of different age categories (4 months – 2 years) were 
evaluated. 137Cs activity was measured by gamma spectrometry (Canberra). Despite the fact Slovakia is closer to Chernobyl 
as Czech Republic and Germany, the 137Cs activity measured was very low and far below the permitted limit. The highest 
radiocaesium activity level measured in muscle was 37.2 Bq.kg-1 ±4.7%. Wild boar originated from Zlate Moravce district. 
The measurement results show, that 137Cs contamination levels of game in Slovakia are low. Radiocaesium activity in 
examined samples was very low and therefore consumption of wild boar meat does not represent a health risk problem. 
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INTRODUCTION 
 In the terrestrial environment of Europe the 
contamination by anthropogenic radionuclides comes from 
two different sources. The first was the global atmospheric 
fallout, which appeared after the start of intensive 
atmospheric nuclear weapons tests in the 50-ies of the last 
century, and has been observed for a long time after their 
completion in 1963. 
 From the radio-ecological perspective are relevant only 
the long-living components of nuclear weapons tests (90Sr, 
137Cs, 238Pu, 239Pu). The most significant long-lived 
contaminant was the cesium 137Cs isotope (Högberg, 
2013). The level of contamination in a certain area was 
dependent on the latitude and a long-term weather 
situation, particularly precipitation (Csupka et al., 1978). 
Currently, the 137Cs from this source, is already largely 
immobilized in the clay fraction of the soil, with limited 
access for plant roots (Nimis, 1996). 
 The second source of the terrestrial contamination was 
the fallout after the nuclear reactor accident at Chernobyl 
in 1986. The Chernobyl nuclear accident on April 26, 
1986, caused the release of radioactive caesium in the 
amount up to 3.8 x 1016 Bq. The ratio of 137Cs to 134Cs 
long-term radionuclides released was approximately 2:1 
(UNSCEAR, 1988). The radioactive cloud passed three 

times over the continent. On some territories with 
intensive rainfalls an increased soil contamination by large 
amounts of radionuclides was observed. Among most 
affected parts of Europe, except for Ukraine, Belarus and 
Russia, belongs despite the distance Norway, where 
surface activity values reached up to 500 kBq.m-2 
(Pedersen et al., 1998). 
 Currently, due to the elapsed time and the nature of the 
Chernobyl accident, the only artificial radionuclide present 
in the soil is 137Cs, with a physical half-life conversion of 
30.17 years (Krolak et al., 2010). 
 High mobility of radiocaesium gradually decreased after 
its deposition to the soil. Differences in mobility were 
observed especially in the non-cultivated meadow and 
forest soils, and were associated with the soil depth. In 
mineral soils by increasing depth, the amount of 137Cs 
accessible by plants may rise, however it depends on many 
factors and circumstances (Schimmack and Bunzl, 1996). 
In the Central Europe, the most contaminated animal 
product by Chernobyl accident was the meat of game 
(Sprem et al. 2013). 
 Based on information from the neighboring countries on 
exceeding limits of radiocaesium content in wild boar 
meat, monitoring of the hunting grounds in Slovakia was 
initiated. 
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MATERIAL AND METHODOLOGY 
 Thigh muscle samples of 60 wild boars (Sus scrofa) of 
different age categories (4 month – 2 years) collected from 
different hunting districts in Slovakia were evaluated in the 
period of 2013 – 2014. Thigh muscle samples of 500g 
collected from wild boars weighing from 15 up to 35 kg 
and originated from 26 hunting grounds were used in the 
study.  
137Cs activity was measured by gamma spectrometry 
(Canberra) consisting of a Ge detector (GC 3520: 20% 
effectiveness, 2.0 keV resolution) and a multichannel 
analyzer (Desktop Inspector) in 450 mL geometry 
Marinelli beakers and 200 mL PE bottle. Results of mass 
activity Bq.kg-1 were determined by a 2000 Genie 
(Canberra) and Gamvin (Envinet) software systems. It is 
further stated the % of relative standard uncertainty for 
each sample. All geometres including the gamma-
spectrometric system were certified in the Czech 
Metrological Institute. 
 
RESULTS AND DISCUSSION 
 The highest radiocaesium activity level measured in 
muscle was 37.2 Bq.kg-1 ±4.7%. Wild boar (Table 1) 
sample originated from Zlate Moravce district. In 8 muscle 
samples the highest value was less than 3.6 Bq.kg-1 ±2.2%. 
In all other muscle samples, the radiocaesium activity 
levels were below the minimum detectable activity. 
 Due to the fact that Scandinavia was heavily 
contaminated by Chernobyl radiocaesium fallout, within 
the food chain considerable attention was paid to elk (Palo 
et al., 2003) and reindeer meat (Skuterud et al., 2004). 
Similar attention was paid also to marine organisms 
(seafood), such as crab from the north of Ireland 
(Copplestone et al., 2004). In the Central Europe, the 
most contaminated animal product by Chernobyl accident, 
was the meat of game (Sprem et al., 2013; Škrkal et al., 
2015). Relatively higher activity of 137Cs in the wild 
animals is based on the mosaic pattern of contamination 
area after the Chernobyl accident, in the way the wild 
animals searches and acquires food (especially wild boars), 

and in a significantly greater mobility and persistence of 
radiocaesium in the forest ecosystems, compared to 
intensively used agricultural land (Vaaramaa et al., 
2009). The 137Cs is quickly integrated into a biological 
cycle, similar to potassium. Generally, radionuclides are 
characterized by their mobility in soil (Gadd, 1996). 
Analysis has shown, that the diffusion coefficient of 
radionuclides in the soil is affected by the soil moisture, 
presence of chemical homologs, which determine the 
capacity of the exchange process in the soil, soil acidity, 
soil humus content and temperature. 
 Fungi, as one of the most important constituents of forest 
ecosystem are capable to accumulate a significant amount 
of radionuclides including 137Cs (Škrkal et al., 2013; 
Guillen and Baeza, 2014). It is due to their heterotrophic 
metabolism, significantly different from green plants, and 
dependence on the supply of final organic compounds 
(Yoshida and Muramatsu, 1994). 

Some species of fungi, including edible ceps (Boletaceae 
family) growing in deciduous forests of Central Europe, 
are not only bio indicators of environmental contamination 
by radiocesium (and heavy metals as well), but do to their 
consumption represent a potential hygiene and health risks 
problem (Linkov et al., 2000; Dvořák et al., 2006). 
Radiocesium distribution in different mushroom body 
parts was uneven, nevertheless higher activity was 
determined in the mushroom caps (Mukhopadhyay et al., 
2007). Ability to accumulate radionuclides from the 
environment differs among different species of ceps 
(Boletaceae family). This corresponds with the finding, 
that increased accumulation of 137Cs in bay bolete 
(Xerocomus badius, syn. Boletus badius) is mainly due to 
the presence of a pigment norbadion A, present in the 
mushroom cap (Aumann et al., 1989). It is assumed that, 
as in higher plants, the radiocesium activity in fungi is 
associated with the growth phase, and the total 
radiocesium activity decreases with the gradual growth. 
Mushrooms samples collected in coniferous forests, 
compared to deciduous forests, are characterized by a high 
content of radionuclides (Čipáková, 2004). 

Table 1 Radiocaesium activity levels in muscles. 

Hunting districts, sample data 137Cs (Bq.kg-1) 40K (Bq.kg-1) 
Uhrinc (Kosice) 
Juvenile female, 1 year, 35 kg 

0.60 ±27.6% 81.2 ±4.8% 

Jablonov n/T (Roznava) 
Juvenile female, 1 year, 35 kg 

2.03 ±10.0% 47.4 ±4.8% 

Rakos, Camovce II (Lucenec) 
Squeaker female, 6 month, 17 kg 

1.1 ±16.6% 51.2 ±2.6% 

Vidoslav, Camovce II (Lucenec) 
Squeaker female, 4.5 month, 15 kg 

0.9 ±23.8% 73.0 ±2.6% 

Sklens (Turcianske Teplice) 
Squeaker male, 5 month, 15 kg 

0.8 ±33.0% 77.0 ±4.8% 

Smolnik (Gelnica) 
Juvenile female, 1 year, 30 kg 

1.5 ±15.5% 75.7 ±4.8% 

Lovce (Zlate Moravce)  
Wild boar female, 2 years, 35 kg 

3.6 ±2.2% 63.6 ±2.2% 

Topolcianky (Zlate Moravce) 
Wild boar female, 15 month, 25 kg 

37.2 ±4.7% 57.9 ±4.8% 

Velky Krtis (Velky Krtis) 
Squeaker female, 8 month, 20 kg 

0.47 ±34.5% 96.8 ±4.8% 
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 Results of the radiocesium mass activity from different 
areas of the Czech and Slovak Republic in 2000 – 2004, 
were published by Dvořák et al., (2006). The highest 
137Cs activity of 6,263 Bq.kg-1 dry weight (measured by 
gamma spectrometry method) was found in the Xerocomus 
badius from the Old Ransko area (Czech-Moravian 
Highlands). The highest measured 137Cs level in Slovakia 
was 966 Bq.kg-1 dry weight (Suillus luteus), in the area of 
Senica. However, when converted to fresh weight this 
value do not exceed permitted limit. For comparison, the 
137Cs activity in the sample of mixed dried ceps 
(Boletaceae family) coming from the 30 km Chernobyl 
border zone, was 6,000 Bq.kg-1 dry weight. Results for the 
dried mushrooms show, that currently there is no 137Cs 
activity dependency related to the distance from the place 
of radioactive accident or the location altitude. These 
results also indicate significantly lower values of 137Cs 
activity in the Slovak Republic compared to the Czech 
Republic, despite the fact Slovakia is closer to Ukraine. 
Explanations should be sought in the airborne radioactive 
cloud movement through the various parts of Europe after 
the Chernobyl disaster. In the fresh mushrooms collected 
in the French Alps in 1999 – 2002, the value of the 137Cs 
activity ranged from 273 – 1,165 Bq.kg-1 (Pourcelot et al., 
2003). 
 After a gradual decline of the radiocaesium (137Cs) 
activity in the game muscles in the 1990s, unexpected 
activity increase occurred after the floods in North-East 
Moravia in 1997. In the meat of wild boars, the activity 
exceeded the hygienic limit set for EU countries  
(600 Bq.kg-1), especially in the age category up to 1 year. 
Since 2000 the 137Cs activity was reduced back to the level 
before the flood (Obzina, 2002). Seasonal fluctuation of 
137Cs activity in the wild boar meat samples was observed 
in the forests on the southern Rhineland. The stomach 
contents were examined as well. A positive correlation 
(0.66) for the activity of the stomach contents and the 
activity of muscle was found, but the stomach contents 
were usually less contaminated compared to muscles; the 
median of the stomach content was 22 Bq.kg-1, the 
maximum 1,749 Bq.kg-1, while the median of muscle was 
129 Bq.kg-1, and the maximum 5,573 Bq.kg-1. No 
difference in the specific activities of female and male 
muscles was proved (Hohmann and Huckschlag, 2005). 
From 1998 to 2008, 656 samples from the wild boars were 
analysed in the district of Ravensburg (southern Germany). 
The activity was variable from less than 5 up to 8,266 
Bq.kg-1, depending on the season, weather conditions and 
the associated changes in dietary habits and food 
availability (Semizhon et al., 2009). High radioactivity 
levels (up to 10,699 Bq.kg-1) were reported in the wild 
boars muscles from Sumava (Czech Republic) (Latini, 
2011). In 2012, the highest measured value was  
14,252 Bq.kg-1 (Kouba et al., 2013). In Croatia, some 
locations were monitored during the years 2000 and 2002 
(Vilic et al., 2005); radiocesium in boar muscles ranged 
from 0.4 to 611.5 Bq.kg-1. The highest muscle 
contamination was observed in autumn. The authors 
interpreted this fact as a result of higher mushroom intake 
by boars at that time. Our muscle samples were collected 
during different annual periods, however no significant 
seasonal differences in the radiocaesium activity we 
observed. This was probably due to low radiocaesium 

activity in fungi in the observed area, and thus 
subsequently in our samples as well. 
 The Recommendation of the European Commission 
(2003) highlights the existence of limit exceeding activity 
of radiocaesium in the meat of game, and call the Member 
States to act, in order to protect consumers. Member states 
should implement steps to ensure that the limits set by 
Directive no. 737/90 / EEC (2000) for placing the game 
meat, wild berries, mushrooms, and predatory lake fish to 
the market, are respected. At the same time it recommends 
to warn the inhabitants of affected regions on the health 
risks resulting from contaminated food consumption. 
Member States are asked to prepare for the European 
Commission and other EU Member States a feedback on 
the implementation of this Directive. 
 Wild boar muscles contamination is mainly due to the 
consumption of the underground fruiting bodies of the 
mushroom genus of Elaphomyces sp. (E.granulatus  - deer 
truffle, hart's truffles) (Hohmann and Huckschlag, 2005; 
Dvořák et al., 2010). The highest 137Cs specific activity of 
4,743 Bq.kg-1 was detected in the mushroom fruiting 
bodies in the area of Šabrava, while the other components 
of the food chain of feral pigs do not exceed few tens of 
Bq.kg-1 (Dvořák et al., 2010). The results of stomach 
content analysis showed the considerable importance of 
additional feeding and beechnuts in the food of boars 
while rootlets and sprouts were less important, and the 
importance of animal components was minimal. 
Mushrooms were not identified in any stomach, probably 
due to their relatively high digestibility in boars. 
Furthermore, the following food components of boars 
manifested the 137Cs specific activities higher then MDA 
in the samples tested: 16 Bq.kg-1 in meadow earthworms, 
200 Bq.kg-1 in rootlets at the Šabrava location, and finally 
4,743 Bq.kg-1 and 2,858 Bq.kg-1 in Elaphomyces 
granulatus fruiting bodies. The fruiting bodies were not 
found in the boar stomach as other mushrooms, however, 
they were found in the marginal areas around the rooted 
locations. We may assume that this mushroom with a 
vegetation season from September to April is searched and 
consumed by boars, similarly as e.g. the truffles in France. 
For example, considering the high activity of  
4,743 Bq.kg-1 measured in one sample and taking into 
account the high mushroom digestibility in boars, the 
specific activity of chyme can be estimated to about  
237 Bq.kg-1 only due to the intake of the mushroom when 
5% intake in 1 kg of the stomach content was taken into 
account. For monogastric animals, the radiocaesium 
resorption can reach up to 100% while excretion is about 
25%, which would mean a daily growth of specific 
activities of 21 Bq.kg-1 in the net muscle weight of 25 kg 
(for a boar life weight of 100 kg and food consumption of 
3 kg daily). However, such chyme usually does not consist 
only of the fruiting bodies of the above mentioned 
mushroom and other components with the specific 
activities below MDA. The following example based on 
our results (muscle sample with the specific activities of 
4,743 Bq.kg-1, soil elements 173 Bq.kg-1, rootlets 200 
Bq.kg-1, earthworms 16 Bq.kg-1, all at the Šabrava 
location) shows the importance of other 137Cs sources. The 
proved presence of soil, earthworms, rootlets and other 
components increases the 137Cs activity in the stomach 
content. In case of food consumption of 3 kg.day-1 at the 
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Šabrava location with the individual contributions, i.e. 5% 
fruiting body of Elaphomyces granulatus (total 711 Bq), 
5% soil elements (26 Bq), 20% rootlets (120 Bq), 2% 
earthworms (1 Bq) and other components with the specific 
activities below MDA, the total activity of the stomach 
content would be 858 Bq.day-1. For the stomach content of 
1 kg, this means the specific activity of 286 Bq.kg-1. The 
daily increase of the specific activity in muscle would be 
26 Bq.kg-1. However, the increase due to other 
components in the food chain is only 5 Bq.kg-1, i.e. an 
increase by 25%. Elaphomyces granulatus is mainly found 
in soils with high content of humus, especially in sandy 
pine and spruce forests. It grows under the ground and 
appears on the ground surface usually due to wild game 
(wild boar) activity. The main period of the fungi growth 
is from September to April. This is the time when animals 
have limited access to food sources. In Slovakia, the 
occurrence of this fungus is very rare, and is mainly 
present in protected landscape areas, where hunting is not 
allowed. Compared to the situation in livestock, limited 
possibility of protective measures implementation 
represents the biggest problem of 137Cs contamination in 
game. The only possible solution remains to check each 
hunted animal individually. One possibility of preventing 
the game contamination is the supplementary feeding. 
 The use of alternative food sources as prevention, may 
result in reduced consumption of natural food, including 
Elaphomyces granulatus, to cover organism energy needs. 
Slovakia has so far monitored very limited number of 
hunted animals. The value of 137Cs samples activity 
collected are still very low (Beňová et al., 2014), what is 
consistent with our results. 
 
CONCLUSION 
 In recent years, the wild game meat is more frequently 
present on menus of variety of restaurants and is becoming 
very popular in consumers.  Despite the fact Slovakia is 
closer to Chernobyl as Czech Republic and Germany, the 
137Cs activity measured was very low and far below the 
permitted limit. The measurement results show, that 137Cs 
contamination levels of game in Slovakia are so low, that 
they do not represent an increased health risk for humans. 
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