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ABSTRACT 
The method of genetic algorithms was used to determine the biological 
half-life of 137Cs  in cow milk after the accident in Chernobyl. 
Methodologically genetic algorithms are based on the fact that natural 
processes tend to optimize themselves and therefore this method should 
be more efficient in providing optimal solutions in the modeling of radio 
ecological and environmental events. The calculated biological half-life of 
137Cs in milk is (32 ± 3) days and transfer coefficient from grass to milk is 
(0.019 ± 0.005).  

 
 

INTRODUCTION 
  
 Milk is an essential component of human diet and plays an important 
role in the transfer of radionuclides from the environment to man. 
Therefore, radionuclides released in reactor accidents are rapidly 
transported from cow forage to milk - usually two or three days after the 
accident.  

The measurements performed on the samples from the farm in our 
country shortly after the accident in Chernobyl in 1986 offered an 
opportunity to investigate the excretion of some biologically important 
radionuclides in milk of the cows fed with the fresh green mass highly 
contaminated with fission products. We wanted to determine biological 
half-life of 137Cs in the milk, after the Chernobyl accident, based on a two 
compartment linear system model for predicting the transport of 
radionuclides from pasture to milk.  

A two-compartment linear systems model for predicting the 
transport of  radionuclides from pasture to milk was used (1, 2). The 
pasture (grass) and milk are represented as separate compartments of a 
linear systems model.   

The time dependence of the concentration of the radionuclide in 
milk Am can be described by the equations : 

 



tgoggtgogg
mom e

AIf
e

AIf
AA 12

1212

λλ

λλλλ
−−

−
−








−

+=      (1) 

where  
Ag0 is the initial concentrations of the radionuclide in grass, 
Am0 is the initial concentrations of the radionuclide in milk,  
fg is the fraction of radioactivity ingested by the cow, transferred 

from grass to milk,   
Ig is the rate of ingestion of pasture grass by cow, 
λ1 is the effective decay constant for radionuclide in  grass,  
λ2 is the effective decay constant for radionuclide in  milk. 

 
In order to fit the experimental results, the parameters fi, Aio, λi 

were determined by the method of genetic algorithms.  
 

THE GENETIC ALGORITHMS 
 

Genetic algorithms have been developed as optimization search 
algorithms based on the mechanics of natural selection and genetics (3). 
Genetic algorithms operate on populations of strings. The strings are 
referred to as chromosomes and the length of the chromosome is given by 
the number of parameters used in the model.  

This method is one of optimization methods that imitate natural 
selection mechanisms and we have applied it on a two-compartment linear 
system model. Model parameters are represented by an array of real 
numbers. Genetic algorithms operate on set of such arrays (populations).  

The method appeared to be quite simple, involving only random 
number generation, string copies, and partial string exchanges. Also, it 
doesn′t require the definitions of initial conditions. Reproduction, 
crossover and mutation are applied to successive string population to 
create new string population. A model parameter estimation is performed 
by minimizing square differences between fitting function and 
experimental data (2).  

 
 

RESULTS  AND DISCUSSION 
 
Milk samples were collected at many milk farms located near 

Belgrade. The animals were fed with the meal composed of contaminated 
green mass from the pasture and of uncontaminated hay collected in 1985.   
 Milk samples from morning and evening milking were collected daily 
and composite monthly samples were analyzed. The cattle feed samples 
(grass, clover and hay) were collected twice a year (in the spring and in 
the autumn). 

The activity concentrations of the radionuclides in milk, green mass 
and hay was determined on a HP Ge detector (ORTEC relative efficiency 35 
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%) by standard gamma spectrometry. The standard error of the method 
was 10 % on the average. 

The activity of the radionuclides in grass, clover and hay is 
presented in table 1. 
 
Table 1: 137Cs activity in the gras, clover and hay in the Republic of Serbia 

in 1986 
 

Samples Average values 
(Bq/kg) 

Ranges 
(Bq/kg) 

Grass  685 ± 600 25-1800 

Clover 28 ± 21 11- 71 

Hay  570 ± 480 17-1150 
The standard methods didn′t give the satisfactory agreement 

between the calculated and the  measured 137Cs activities in milk. So, two 
compartment pasture-milk  model (Eq. 1) was fit to the experimental data 
applying the method of genetic algorithm. The experimental results and 
fitted curve for 137Cs activity in milk are presented in Fig. 1. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: 137Cs activity in milk in Belgrade in 1986 
 
 



As the method of genetic algorithms is a statistical one, the results 
are statistically scattered around the mean value, with a certain 
uncertainty. In our case it is about  15 %. 

The calculated biological half-life of 137Cs in milk is (32 ± 3) days. 
This value agree with the literature data (4). Calculated transfer 
coefficient from grass to milk is (0.019 ± 0.005) and this value agree with 
the literature data (5). 

 
 

CONCLUSIONS 
 
 In order to develop an efficient method to determine biological half 
lives of  137Cs in milk after the Chernobyl accident, we used the method of 
genetic algorithms as an optimization method involving the mechanisms of 
nature selection. The method appeared to be quite simple, involving only 
random number generation, string copies, and partial string exchanges. 
Also, it  doesn′t require the definitions of initial conditions. Thus 
calculated, the values of  the biological half-lives of 137Cs correspond  with 
the values obtained by other methods, but this method is simple and the 
level of uncertainty is lower. 
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