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Abstract.  Livers, kidneys and muscles of large herbivorous animals: roe deer (Capreolus capreolus), red deer 
(Cervus elaphus) and fallow deer (Dama dama), collected in northern Poland, were the subject of the 
investigation. Polonium, uranium and plutonium activities were measured using alpha spectrometry along with 
relevant radiochemical procedures. The average concentrations of 210Po ranged between 0.02±0.01 Bq kg-1 ww 
in muscles and 7.15±0.12 Bq kg-1 ww in kidneys. The concentration of 238U ranged widely between 2.49±0.18 
and 69.37±5.45 mBq kg–1 ww. The average concentrations of 239+240Pu ranged between 0.18±0.04 mBq kg-1 
ww in muscle and 2.77±0.60 mBq kg-1 ww in kidneys. Statistical analysis showed that the sampling location, 
sex, age and species did not influence on the radioisotope activities in the analyzed samples. 
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Introduction 
 
Natural polonium and uranium as well as man-made 
plutonium are widespread all over the world, take part in 
geochemical circulation and accumulate in the food 
chain. Forests are vulnerable ecosystems. Areas covered 
in trees are traps for contamination transported in the air 
(Mirosławski et al., 1992). Radionuclides are much more 
persistent in forest ecosystems than in agricultural land 
(Strebl et al., 1996). Their cycling is almost closed. 
Moreover environment conditions favor the transfer of 
radionuclides to plants (Kiefer et al., 1996). 
 210Po is naturally occurring alpha-emitting product 
of the 238U decay chain. 210Po is the important source of 
the internal radiation received by human beings, can be 
either ingested or inhaled by animals (Hill, 1966; 
Bernard, 1979). In mammals 210Po accumulates mainly 
in soft tissues such as liver and kidney (Bernard, 1979).  
Uranium is widely spread in nature, it occurs in over 160 
minerals. Isotopes 234U and 238U occur in the natural 
uranium decay chain; both are alpha emitters of low 
radioactivity and radiotoxicity. In soils, sediments and 
waters metallic uranium corrodes and is transformed into 
U(VI) (Meinrath et al., 2003). Uranium is transported as 
the UO2

2+ ion in a way similar to calcium, with which 
uranium competes (Edmands et al., 2001).  
 The main sources of plutonium in the atmosphere 
are nuclear weapon tests carried out among 1945–1962. 

During this time, about 0.33 PBq 238Pu and 13 PBq 
239+240Pu were released. A high amount of plutonium was 
released also during the Chernobyl accident (Aarkrog, 
1991). Due to the consumption of forest products or 
leaching of radionuclides into groundwater, forests also 
contribute to the internal human dose (Kiefer et al., 1996). 
Plutonium in the environment is mostly connected to soil, 
sediments or suspended matter (Choppin, 1985).  
 The aim of this investigation was to assess the level 
of radioactive contamination of the northern Poland and 
estimate the potential threat for game meat consumers, 
which is of importance because of its economical value.  
 
Material and Methods 
 
Kidney, liver and muscle tissues and organs samples were 
collected from 28 deer (17 specimens of red deer (Cervus 
elaphus), 8 specimens of roe deer (Capreolus capreolus) 
and 3 specimens of fallow deer (Dama dama)) obtained in 
the region of northern Poland (Białystok, Gdańsk, 
Olsztyn, Szczecin, Szczecinek, Toruń). All animal 
carcasses were routinely collected and partly dissected and 
all obtained samples of kidney, liver and muscle were 
used for polonium, uranium and plutonium analysis 
(Skwarzec and Prucnal, 2007; Skwarzec et al., 2010). The 
fresh samples were weighted, homogenized and digested 
using 65% HNO3 with a 209Po (50 mBq), 232U (32.5 mBq) 
and 242Pu (5 mBq) spikes added as a yield tracers. The 
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radiochemical method allows Po, U and Pu 
determination from the same sample (Skwarzec, 1997; 
Skwarzec and Prucnal, 2007; Skwarzec, 2009; Skwarzec 
et al., 2010). After radiochemical preparation, the 
activities of 210Po, 234U, 238U, 238Pu and 239+240Pu 
radionuclides were measured separately using alpha 
spectrometer (Alpha Analyst, Canberra Packard) 
equipped with PIPS detectors. The accuracy and 
precision of the radiochemical method were evaluated 
using IAEA reference materials and estimated at less 
than 10%. 
 
Results and Discussion 
 
210Po 
 
The average results of 210Po measurements in livers, 
kidneys and muscles of deer form northern Poland are 
given in Table 1. The 210Po concentrations in kidneys, 
livers and muscles of deer were independent of age of 
the animals. Polonium does not accumulate during the 
lifetime, it is short-living, and it is removed from body 
constantly. Similarly, there was no relationship observed 
between the accumulation of polonium in tissues and 
organs of deer and sex of the animals. Generally, values 
of 210Po concentrations in tissues and organs for both 
sexes were widely spread. Also concentrations of heavy 
metals such as cadmium, cobalt, copper, nickel and zinc 
in tissues of deer are usually independent of sex of the 
animal (Michalska and Żmudzki, 1992). Polonium is 
accumulated independently in all samples examined; 
there was no relationship between concentration of 
polonium in kidney and liver or muscles. This is the 
result of the fact that the retention of polonium and the 
biological half-times varies between tissues because of 
their physiological features (Blanchard, 1966). The 
difference in food preferences between all three species 
had no significant influence on accumulation of 
polonium. Animals were usually characterized by the 
highest concentration of 210Po in kidneys while the 
lowest in muscles (Skwarzec and Prucnal, 2007). For 
human and others species of animals (caribou or 
reindeer) there were reverse tendency observed. 
Physiology of animals has influence on metabolism of 
polonium, and ruminants are characterized by specific 
physiology. For example, deer have no gall bladder, and 
the bile is the main factor which removes the polonium 
from liver (Bernard, 1979). Concentrations of 210Po in 
tissues of deer were a little bit higher than those found in 
human tissues, especially in the case of kidneys (Hill, 
1966). However, human and deer’s muscle have similar 
levels of polonium. Moreover, the concentrations 
measured in muscles with the mean value of 0.16±0.15 
Bq kg-1 ww is approximately the same that in Polish beef 
(0.10 Bq kg-1 ww), pork (0.09 Bq kg-1 ww) and in meat 
from England and USA (0.11 Bq kg-1 ww) (Pietrzak-Flis 
et al., 1997).  
 

Table 1. The average concentrations of 210Po, 234U, 238U, 
238Pu and 239+240Pu in tissues and organs of deer from 
northern Poland 
 

Isotope 

Tissue, organ average concentration  
(mBq kg–1ww±SD) 

(number of samples) 

Kidney 
(n) 

Liver 
(n) 

Muscle 
(n) 

210Po 1.58±1.14 
(46) 

1.08±1.12 
(46) 

0.16±0.15 
(21) 

234U 16.9±12.7 
(17) 

19.8±19.5 
(6) 

26.8±30.3 
(4) 

238U 19.4±17.9 
(17) 

17.7±16.9 
(6) 

23.6±22.0 
(4) 

238Pu 0.88±0.63 
(18) 

0.36±0.14 
(12) 

0.21±0.05 
(13) 

239+240Pu 1.62±0.89 
(18) 

0.60±0.32 
(12) 

0.56±0.59 
(13) 

 
234U and 238U 
 
The results of 234U and 238U radioactivity measurements in 
livers, kidneys and muscles of deer from northern Poland 
are given in Table 1. Similarly to 210Po, the accumulation 
of 234U and 238U in the deer tissues and organs was 
independent of age and sex of animals. Similarly, there 
was no correlation between the organs or tissues examined 
and the amount of 234U or 238U accumulated (Skwarzec et 
al., 2010). In the stags, the concentration of 238U increased 
in order: muscle < kidney < liver, and in hind in order 
kidney < liver < muscle. The concentrations of uranium in 
tissues of deer from examined area were higher than these 
found in human soft tissues. The human body contains 
about 100 µg of uranium: 7.4 mBq kg–1 in soft tissues and 
150 mBq kg-1 in bones (Meinrath, 2003). The deer’s 
kidneys contained 19.4±17.9 mBq kg–1 ww of 238U and 
16.8±12.7 mBq kg–1 ww of 234U.  
 In Poland the content of 238U in beef is about 5.63 
mBq kg–1 ww. In pork, poultry and eggs the 
concentrations are about 0.62-1.78 mBq kg–1 ww 
(Pietrzak-Flis et al., 1997). These values are similar to the 
minimal values found in tissues and organs of the 
analyzed deer from northern Poland (Skwarzec et al., 
2010). It may denote that wild ruminants could 
accumulate uranium more efficiently than non-ruminants 
and domestic ruminants. It is possible, that the longer food 
retention time in the alimentary tracts of ruminants 
enhances the efficiency of absorption of uranium and 
deteriorates the efficiency of removal, for example, in 
faeces. Wild ruminants also consume more plants with 
high amounts of uranium (i.e., cereal) or mushrooms – 
compared to domestic animals (Pietrzak-Flis et al., 1997). 
The higher content of uranium in the food of wild 
ruminants could result in its higher transfer factors into the 
organism, because when uranium absorption becomes 
more efficient, the high amounts of uranium can handicap 
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kidney function and the efficiency of uranium removal 
with urine (Arruda-Neto et al., 2001).  
 
238Pu and 239+240Pu 
 
The results of 238Pu and 239+240Pu measurements in livers, 
kidneys and muscle deer from northern Poland are 
presented in Table 1. The activities of plutonium in 
many of the analyzed samples were below the detection 
limit. These data are similar or slightly lower than the 
239+240Pu concentrations measured in deer’s bones by 
Mietelski et al. (2000). The Chernobyl plutonium 
contribution varied from 44% to 82% in kidneys, 64–
68% in livers and 91% in muscles indicating the 
significant impact of the Chernobyl accident on the 
northern part of Poland and the plutonium transport in 
the ecosystem (Skwarzec et al., 2010). The big fraction 
of Chernobyl plutonium in the analyzed deer could be 
also caused by its high concentrations in the plants 
which are an important part of the diet of the deer: 
berries (Vaccinium spp.), tree bark or needles 
(Komosińska and Podsiadło, 2002). In leaves of the 
blueberry (V. myrtillus) the 239+240Pu concentrations 
varied from 3.4 to 11 mBq kg-1 dw, in the lingonberry 
(V. vitis-idaea) the concentration was 21.6 mBq kg-1 dw. 
In pine (Pinus sylvestris) and spruce (Picaea excelsa) 
needles the plutonium concentration was higher – 
sometimes over 100 mBq kg-1 dw, spruce bark contained 
208 mBq kg-1 dw of 239+240Pu. In ferns (Athyrium sp). 
from the north-eastern Poland the plutonium 
concentration was even higher than in the spruce and 
equaled 244 mBq kg-1 dw of 239+240Pu (Mietelski et al., 
1993).  
 
Radiation Doses 
 
The total natural radiation exposure in Poland leads to an 
effective dose of about 2.8 mSv year-1, and the 
consumption of game animal meat in Poland is about 
0.08 kg per year, which constitutes 0.12 % of the total 
meat consumption (Jagielak et al., 1998; Czeraszkiewicz, 
2002).  
 
Table 2. Estimated mean annual individual effective 
doses in humans caused by the consumption of 1 kg 
game meat 
 

Mean annual 
effective dose 

(µSv) 

Tissue, organ 

Kidney Liver Muscle 
210Po 1.9 1.3 0.2 
234U 0.83 10–3 0.97 10–3 1.31 10–3 
238U 0.88 10–3 0.78 10–3 1.06 10–3 
238Pu 2.01 10-4 0.83 10-4 0.48 10-4 
239+240Pu 3.99 10-4 1.50 10-4 1.40 10-4 

 

The annual individual effective dose due to ingestion of 
210Po in 1 kg game meat (muscle, liver or kidney) depends 
upon the concentration of the radionuclide (Table 2). The 
effective doses from 1 kg of deer meat were calculated at 
in the case of kidney 1.9 µSv, in the case of liver 1.3 µSv 
and in the case of muscle 0.2 µSv and are generally small 
and equal only 0.0053-0.0007% of the natural radiation 
dose (Table 2). The value of effective dose of 210Po 
ingested by eating game meat is small in comparison to 
the dose received by mushrooms consumers (37 µSv per 
year) (Skwarzec and Jakusik, 2003). 
 Effective dose due to ingestion of 234U and 238U were 
also calculated and presented in Table 2. Assuming that 
game meat corresponds to deer meat, it can be calculated 
that it would be a source of effective dose of 0.78⋅10–3–
1.06⋅10–3 µSv (from decay of 238U) and 0.83⋅10–3–1.31⋅10–

3 µSv (from decay of 234U). The annual individual 
effective dose from 234U and 238U in game meat accounts 
only 1.86⋅10–5% of the total annual effective dose from all 
natural sources in Poland (Jagielak et al., 1998). This 
indicates that the uranium in the tissues of deer from 
northern Poland presents no radiological risk for their 
consumers. 
 Based on the data the annual effective doses for 238Pu 
and 239+240Pu were calculated as well (Table 2). The 
biggest values of effective dose were obtained for kidneys 
while the smallest for muscles. The annual individual 
effective dose would be 0.48⋅10-4–2.01⋅10-4 µSv (from 
238Pu) and 1.40⋅10-4 –3.99⋅10-4 µSv (from 239+240Pu). This 
would yield only 1.71⋅10-6% (muscles) and 7.18⋅10-6% 
(liver and kidney) of the total annual individual effective 
dose from all natural sources (Jagielak et al., 1998). This 
indicates that there is no radiological risk coming from 
plutonium radionuclides contained in deer meat for the 
population. 
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