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Abstract

Lead (Pb) is commonly found in food and is characterised as a contaminant. Although the 
concentration of Pb in the environment has been significantly reduced as a consequence of the 
elimination of leaded petrol and the adoption of other measures in recent decades, contamination 
with lead ammunition still remains an unregulated source of Pb in wild game. Wild game meat 
may be one of the dominant sources of human exposure to lead, especially for those consuming 
large amounts of game. In the years 2009–2011, the average Pb content detected in the Czech 
Republic was 3.80 mg·kg-1 (median 0.01 mg·kg-1) in the meat of wild game mammals and 0.63 
mg·kg-1 (median 0.03 mg·kg-1) in the meat of game birds.

Lead, human exposure, wild game meat

Introduction

Food is the main source of human exposure to Pb (Pb). Pb accumulates in the body and 
has a serious effect on the developing central nervous system in small children. There is 
no recommended tolerable intake, and similarly there is no evidence for a safe threshold 
for a number of critical effects on the health. Legislative measures have gradually led to 
a reduction in exposure by eliminating the use of Pb in paint, tin cans, water pipes and 
petrol. However, in view of the long half-life for the elimination of Pb from the body, the 
chronic toxicity of Pb arouses the greatest fears in the assessment of the potential risk to 
human health (EFSA 2012). Metalloproteins and peptides containing Pb are transported 
in the blood to soft tissues and the bones where they accumulate with age. Pb is excreted 
primarily in the urine and faeces; half-lives for the elimination of Pb are approximately 30 
days from the blood and between 10 and 30 years from the bones (Rabinowitz 1991). 
The International Agency for Research on Cancer (IARC) classified inorganic Pb as  
a probable carcinogen for man (group 2A) in 2006 (EFSA 2012). In 2010, the European 
Food Safety Authority’s (EFSA) Panel on Contaminants in the Food Chain came to the 
conclusion that the provisional tolerable weekly intake (PTWI) of 25 μg·kg-1 body weight, 
stipulated by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) in 1986 
and approved by the European Commission’s Scientific Committee on Food (SCF) in 1990, 
is no longer appropriate. The reason for this is the fact that no evidence has been submitted 
for a threshold for a number of critical points, including developmental neurotoxicity and 
nephrotoxicity in adults, and the fact that it would no longer be appropriate to derive PTWIs. 
This conclusion was confirmed by JECFA in 2010, and concerns were also expressed 
regarding the potential of effecting the neurological development of infants, children and 
the foetuses of pregnant women at current levels of exposure to Pb (EFSA 2012).

Commission Regulation (EC) No. 1881/2006 stipulates a maximum limit (ML) for the 
content of Pb in the meat (with the exception of offal) of cattle, sheep, pigs and poultry of 
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0.1 mg·kg-1 of fresh weight. This limit is, however, not explicitly given for game animals. 
Nevertheless, the Pb content in game must be evaluated from the viewpoint of consumer 
protection. The traditional method of hunting wild game has, for a number of centuries, 
been its killing with a Pb projectile or an encased projectile with a Pb core. Pb shot has 
long been used for this purpose, particularly in view of the appropriate properties of Pb 
such as its easy formability (casting, pressing), its high density (11.34 g·cm-3) and, thereby, 
its acceleration and consequent high degree of wounding of live targets hit, including its 
further wounding and shattering effect on impact with hard tissue and its scattering into 
soft tissues. Leaving residues in soft parts of hunted game, is problematic in the light 
of toxicological knowledge of the effect of Pb on the health of consumers of game as it 
increases the overall level of exposure to Pb. This problem may, however, be overcome, 
at least in part.

The aim of this study was to evaluate the Pb content in the meat of the main species 
of game animals hunted in the Czech Republic and to draw attention to one potentially 
significant source of Pb exposure. It also aimed to propose measures to reduce Pb exposure 
from game within the framework of risk management.

Materials and Methods

Samples of muscle tissue from hunted game were taken at random by veterinary inspectors in the years  
2009–2011 as part of the National Monitoring of Residues and Contaminants in accordance with Council Directive 
No. 96/23/EC. Homogenised samples were analysed for Pb content following prior microwave decomposition 
with concentrated nitric acid. The analysis itself was performed by the atomic absorption spectroscopy (AAS) 
method with a graphite cuvette and by the inductively coupled plasma/mass spectrometry (ICP/MS) method. The 
limit of quantitation (LOQ) was 0.01 mg·kg-1 in both methods. The samples were ranked according to the FoodEx 
version 1 food classification system and expressed as level 2 and 3 aggregations (EFSA 2010a). The results for 
the Pb content comprised the corresponding random selections of the data set which were processed by basic 
statistical analysis for these selections.

Results and Discussion

The results for the Pb content in the muscle tissue of hunted game are widely scattered 
around the average and median values. The values of averages and the 95th percentile 
(P95) and standard deviations (SD) indicate considerably asymmetrical distribution and 
considerable variability in the measured values. Statistical estimates of these parameters 
are given in Table 1 and Fig. 1.

40

Game species n <= LOQ [%] Average Median Max P5 P95 SD

Red deer 57 57.9 2.040 0.010 54.80 0.010 7.573 9.926
Mouflon 5 20.0 0.053 0.015 0.19 0.010 0.190 0.077
Roe deer 36 44.4 15.756 0.016 514.00 0.010 48.000 85.785
Wild boar 84 54.8 1.038 0.010 22.20 0.010 4.670 3.739
Hare 21 66.7 0.017 0.010 0.08 0.010 0.050 0.017
*Game mammals 203 48.8 3.800 0.010 514.00 0.010 4.440 36.599
Pheasant 65 44.6 0.708 0.017 14.60 0.010 3.040 2.298
Duck 60 21.7 0.546 0.067 9.89 0.010 2.280 1.442
*Game birds 125 33.1 0.625 0.030 14.60 0.010 2.850 1.922
*Game total 328 41.0 2.584 0.015 514.00 0.010 4.060 28.788

Table 1. The muscle tissue samples of hunted game tested for Pb content (mg·kg-1) in the Czech Republic in the years 2009–2011 

n = number of samples; LOQ = limit of quantitation; P5 = 5th percentile; P95 = 95th percentile; Max = maximum; SD = standard 
deviation; *FoodEx level 2, others level 3 



The average values do not represent the “ordinary” content of Pb in the analysed samples 
and, thereby, in game consumed. According to theoretical hypotheses, the content of Pb in 
the muscle tissue of a game animal uncontaminated by shot cannot be expected to exceed 
the ML value of 0.1 mg·kg-1 stipulated for the meat of other species of food animal. This 
hypothesis is supported by the median values which are lower than the ML by a factor of 
one for Pb and also by the relatively large number of results beneath the limit of quantitation 
(LOQ). In contrast, the values for the maximum Pb content (Max) in samples testify to 
additional contamination associated, in all probability, with lead shot and not with natural 
contamination through the food chain, though this cannot be ruled out entirely without 
knowledge of other parameters. The wide range of Pb content in samples of game can be 
explained by the uneven distribution of Pb in the tissue of shot animals and the presence 
(or absence) of fragments of shot in any individual analysed sample.

The presence of small fragments of shot that cannot be removed is the cause of the high Pb 
content in the edible tissue of game animals and this represents a certain risk of excessive Pb 
intake in the consumer, particularly in consumers of large amounts of game and in children. 
Our results are comparable with the results collected in 14 EU member states (including the 
Czech Republic) and Norway in 2003–2009 and assessed by the EFSA from the viewpoint 
of Pb content in foodstuffs and assessment of the exposure of the population to Pb in foods. 
A total of 2 521 samples of game meat were included in our study. The average concentration 
of Pb in the meat of all game was 3.153 mg·kg-1 (UB – upper bound of concentration), the 
maximum value 867.0 mg·kg-1, the median 0.0200 mg·kg-1 (EFSA 2010b). Our evaluation 
gave a rather lower total average Pb concentration of 2.584 mg·kg-1, a maximum value of 
514.00 mg·kg-1 and a median of 0.015 mg·kg-1. 
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Fig. 1. A comparison of median values of Pb content in the muscle tissue of game animals in the Czech Republic 
in the years 2009–2011 (fields demarcating the 25th and 75th percentiles, perpendiculars demarcating the 5th and 
95th percentiles)



Conclusions

There would seem to be a justification for using the limit of 0.1 mg·kg-1 given in 
Commission Regulation (EC) No. 1881/2006 for the meat of other species of food animals 
when ruling on the health safety of game placed on the market from the viewpoint of Pb 
content. High values for the Pb content are not, in all likelihood, the result of contamination 
of game through the food chain, but the result of contamination by lead shot. It is, for this 
reason, necessary to take a great care in removing damaged tissues by shot and thereby 
reducing overall intake of Pb from consumed game, and to apply legislative rules to ensure 
that damaged tissue by shot is obligatorily condemned. Such a solution corresponds to 
increasing demands for the protection and health safety of consumers who traditionally 
consider game to be more nutritious than comparable products from animals raised for 
food.
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