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Introduction 
Artificial radionuclides originating from nuclear 

explosions and nuclear facilities can reach the human body 

through numerous pathways once released into the environment. 

To track their migration in natural ecosystems, we need so-called 

dispersion models. Food chain models can be applied to examine 

the interactions between these substances and the elements of the 

biosphere. Due to the statistical nature of the physical-chemical 

processes describing dispersion and the varying degrees of 

conservatism among the parameters used in modelling, the 

results of model calculations are characterized by significant 

uncertainty. 

 

Objectives 
The aim of this work is to review and compare the dose 

calculation (food chain) models/recommendations found in 

available domestic and international publications.  

Sensitivity analysis of the parameters used in the 

calculations. Development of an analytical method for 

determining site-specific bioaccumulation factor(s) and 

development of a dose calculation food chain model, which can 

be integrated into a graphical software. 
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Experimental Part (Materials and Methods) 
 

In the literature review section, I present the relevant 

literature related to my original objectives. In the experimental 

part, I apply this knowledge to solve a specific problem. My 

work does not include modeling atmospheric dispersion or 

external radiation exposure. I primarily focus on modeling and 

determining the radiation exposure of the human body from the 

food chain.  

The impact of the uncertainty of the parameters used for 

estimation is overestimated several times in order to protect the 

population and the environment during the determination of 

radiation exposure. Thus, it is necessary to examine how changes 

in the parameters belonging to the formulas affect the results. 

This can be determined by testing the sensitivity of the 

parameters. 

I have identified a total of 15 different input parameters 

required for determining radiation exposure from the food chain, 

of which different values can be found in the available databases. 

Based on the results of statistical (partial correlation analysis and 

regression analysis) and analytical sensitivity analysis methods, 

I have determined that the parameters with a great influence on 

the result are the deposition rate (Dc) and the bioaccumulation 

factors (Ft-n, Fn-á). The values of the former differ within an order 
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of magnitude in the case of wet and dry fallout, but with good 

adjustment, the difference can be eliminated. In the case of 

bioaccumulation factors, this is more difficult to solve, because 

in the case of different soil and plant types, as well as animal 

diversity, the existence of site-specific data is essential, as this is 

the main source of the several orders of magnitude differences. 

I present in detail the applicability of neutron activation 

analysis and gamma spectrometry for determining stable cesium 

and stroncium in environmental samples (soil, plants, and animal 

origin). The method can be applied reliably with a low detection 

limit, a small sample amount (<1g), minimal sample preparation, 

and in a non-destructive manner. Based on the results presented 

in the dissertation, I verified that the bioaccumulation factors of 

stable cesium (133Cs) and stroncium (84Sr) correlate with those 

of radiocesium (137Cs) and radiostroncium (90Sr), making them 

suitable as input parameters for model calculations.  

Based on my results, I developed a user-friendly, 

platform-independent software that implements a model for 

determining the radiation exposure from the food chain. Thanks 

to the method based on the remeasurement of stable elements 

that I developed, it is possible to achieve more accurate results 

in the model calculations.  
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THESIS OF THE DOCTORAL (PHD) DISSERTATION 
 

Thesis 1 

 

I have examined, compared, and reviewed various dose 

calculation models used in domestic and international guidelines 

and software. Through sensitivity analysis methods, I have 

analysed the input parameters that have a significant impact on 

the result and verified the importance of site-specific 

bioaccumulation factors. 

 

Thesis 2 

 

For the most significant input parameters (transfer 

factors), I have developed a low-detection-limit analytical 

method (using Neutron Activation Analysis and gamma 

spectrometry for small sample analysis) to determine stable 

elements. This allows for the determination of site-specific data 

for caesium and strontium in a potential accident scenario. I have 

also verified that this method can be used to survey areas that are 

not contaminated (areas with undetectable levels of radioactive 

elements). 
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Thesis 3 

 

Using the models included in international 

recommendations and considering various accident and 

environmental factors, I have created a platform-independent 

software with a graphical interface and a model implemented in 

the corresponding code. With its help, the extent of radiation 

exposure resulting from the food chain following a given 

accident situation can be modelled on a site-specific basis. I 

recommend the software for estimating the impact of various 

radiation exposure events on the internal radiation exposure of 

the population.  
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