
General Methodology for Assessing the Content 

of Artificial Radionuclides in Livestock Products 

Produced in Areas Polluted by Nuclear Tests 

Doctoral (PhD) thesis 

 

University of Pannonia 

 

Doctoral School of Chemical Engineering and 

Material Sciences 

 

 

Zhanat Baigazinov 

MSc in biology 

 

Supervisor: 

Dr. Tibor Kovács (Ph.D) 

Co-supervisor: 

Dr. Norbert Kávási 

 

 

 

 

 

 
Department of Radiochemistry and Radioecology, Research 

Centre for Biochemical, Environmental and Chemical 

Engineering  

 

Veszprém 2024



Introduction 
 

The Semipalatinsk Test Site (STS) in northeastern Kazakhstan, 

active from 1949 to 1989, was one of the most significant nuclear 

testing grounds of the Soviet Union. Covering approximately 18,300 

square kilometers, it witnessed 456 nuclear tests, leading to extensive 

radioactive contamination. Despite the site's closure, unauthorized 

agricultural activities have continued, raising concerns about the transfer 

of radionuclides like 
137

Cs, 
90

Sr, 
239+240

Pu, and 
241

Am into livestock 

products consumed by local populations. This dissertation aims to assess 

the content and transfer parameters of these radionuclides in livestock 

and poultry products, providing essential data for evaluating the risks 

associated with consuming contaminated foodstuffs. By focusing on the 

unique environmental conditions and contamination sources at the STS, 

this research contributes to the development of predictive models and 

guidelines for safe agricultural practices in contaminated areas, 

ultimately supporting public health and safety in regions affected by 

nuclear activities. 

 

 

 

 

Aim 

 

The aim of this work is to develop a methodology for assessing 

the transfer of artificial radionuclides into livestock products from 

contaminated areas. To this end, I have investigated the relevant transfer 

parameters for key radionuclides in livestock and poultry. Finally, by 

analyzing these findings, I propose a comprehensive approach for 

evaluating the radiological safety of animal-derived food products in 

nuclear-affected regions. 



Materials and methods 

 

The study was conducted at the STS using horses and broilers 

as experimental subjects. Animals were divided into groups and fed 

contaminated soil and feed, with radionuclide levels of 137Cs, 90Sr, 

239+240Pu, and 241Am monitored. Tissue samples were collected and 

analyzed using gamma spectrometry and radiochemical techniques to 

determine radionuclide concentrations. Control samples were also taken 

from uncontaminated areas. The experimental setup aimed to simulate 

real-world conditions of radionuclide exposure in livestock, providing 

data on the transfer and accumulation of radionuclides in animal tissues 

and food products. 

 

Results 

 

The results of this study focused on assessing the transfer of 

artificial radionuclides, specifically 
137

Cs, 
90

Sr, 
239+240

Pu, and 
241

Am, into 

livestock and poultry products from contaminated areas at the STS.  

The experiments conducted on horses revealed that 

radionuclide transfer varies with age; younger animals, such as yearling 

fillies, exhibited higher transfer rates for 
137

Cs and 
90

Sr compared to 

adults. This indicates an age-dependent accumulation pattern, with 

potential implications for the safety of consuming products from 

younger livestock. 

In addition, the study demonstrated that the radionuclide 

transfer into fetal tissues was significant, particularly for 
239+240

Pu and 
241

Am. This finding highlights the potential risks for offspring born to 

animals grazing in contaminated areas, emphasizing the importance of 

monitoring prenatal exposure in assessing long-term health impacts on 

livestock populations. 

Broiler studies showed that the accumulation dynamics of 
137

Cs 

and 
241

Am differ across tissues, with muscle, liver, and bone displaying 

distinct patterns. The muscle tissue showed relatively lower 



accumulation of 
241

Am, while the liver and bones had higher 

concentrations, suggesting that certain tissues may pose greater risks for 

human consumption. 

The study also assessed the impact of long-term exposure to 

contaminated feed. Results indicated that radionuclide accumulation in 

broilers stabilizes over time, with a plateau in 
137

Cs and 
241

Am levels 

observed after several weeks. This suggests that initial exposure levels 

are crucial in determining long-term accumulation, and continuous 

exposure may not lead to proportionally higher radionuclide content in 

tissues. 

Finally, the data gathered from these experiments were used to 

refine predictive models for assessing radiological safety in livestock 

products. These models take into account the variability in radionuclide 

transfer across different species, ages, and tissue types, providing a more 

comprehensive framework for evaluating the risks associated with 

consuming animal products from contaminated areas. 



Theses of the PhD Dissertation 

 

Thesis 1.:Radionuclide Transfer and Retention: My studies 

highlight that the transfer of 
241

Am, 
137

Cs, 
90

Sr, and 
239+240

Pu to animal 

tissues varies significantly depending on the source of contamination 

(soil vs. contaminated feed). For horses, the highest transfer coefficients 

(Ff) were observed in the liver of mares fed leachate-contaminated feed, 

with values reaching (72±22) ×10
5
 d kg

-1
 FW for 

241
Am and (31.8±8) 

×10
5
 d kg

-1
 FW for 

239+240
Pu. In fillies, the highest value for 

137
Cs was 

35.3×10
-3

 d kg
-1

 FW, while for 
90

Sr, the highest was recorded in the ribs, 

reaching (720±144)×10
-3

 d kg
-1

 FW. These findings include pioneering 

data for 
241

Am and 
239+240

Pu transfer coefficients in horsemeat at the 

STS, marking the first such reports both locally and globally. The IAEA 

handbook (2010) does not provide transfer coefficient values for horses, 

making this study a significant contribution to the understanding of 

actinide transfer in livestock. 

Thesis 2.:Transfer Parameters: The transfer parameters of 

radionuclides 
137

Cs and 
90

Sr into the organs and tissues of yearling fillies 

were found to be higher than in adults by up to 1.6 and 3.6 times, 

respectively. However, I have found that age does not appear to 

significantly affect the accumulation of 
239+240

Pu and 
241

Am in horse 

tissues. In broilers, the Transfer Coefficient for 
137

Cs in muscle from the 

grass meal diet was significantly higher at (192.9±25.8) ×10^-2 d kg
-1

 

FW, compared to (18.8±4.6) ×10
-2

 d kg
-1

 FW from soil contamination. 

For 
241

Am, the Transfer Coefficient in muscle was (1.1±0.95) ×10
-4

 d 

kg
-1

 FW. 

Thesis 3.:Dynamics of Accumulation: I have identified for the 

first time the accumulation dynamics of 
137

Cs and 
241

Am in boilers using 

contaminated feed from the STS territory. The study observed dynamic 

equilibrium stages for 
137

Cs in broilers' muscle by the 30
th

 day and in 

their liver and bone by the 14
th

 day of feeding. For 
241

Am, the muscle 

reached equilibrium immediately, while the liver and bone took longer 

to stabilize, with significant accumulation over the study period.



 

Thesis 4.:Excretion Dynamics: I have identified for the first 

time the excretion dynamics of 
137

Cs and 
241

Am in boilers using 

contaminated feed from the STS territory. The excretion of 
137

Cs from 

broiler muscle, liver, and bone followed an exponential decay, 

characterized by an initial rapid phase followed by a slower  phase. The 

majority of 
137

Cs was excreted within the first week. Specific equations 

were used to model the excretion kinetics for each organ. By the 70th 

day, 20-50% of the initial 
241

Am concentration remained in the liver, 

while approximately 35% persisted in the bone, demonstrating a more 

stable retention in bone compared to a gradual decline in the liver. 

Thesis 5.:Soil as a Contamination Source: In areas with ground 

nuclear test epicenters, such as the STS, I have found that soil directly 

serves as a significant source of radionuclide contamination in livestock 

products, which pathway should be incorporated into international best 

practices. Updated data indicate that for horse meat, soil is the dominant 

source of 
239+240

Pu and 
241

Am, contributing 92.8% and 93.2%, 

respectively, while the contribution from forage is substantially lower at 

7.2% and 6.8%. Conversely, 
137

Cs contamination in horse meat is 

primarily from forage (87.2%), with soil contributing only 12.8%. For 
90

Sr, the distribution is more balanced, with 57.0% from soil and 43.0% 

from forage. 

Thesis 6.:Food Safety Implications: The findings provide 

critical data for estimating internal radiation doses from the 

consumption of livestock products in regions impacted by nuclear tests. 

I have identified that the high retention of 
241

Am in bone tissue and 

liver, in particular, poses a potential long-term risk to consumers, 

emphasizing the importance of monitoring and mitigating contamination 

in nuclear-affected regions. 
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