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The study area 
The East Ural Radioactive Trace (EURT) 
is a result of the accident at the Russian 
Production Association Mayak in 1957 
(so-called Kyshtym accident).  
 
Among the long-lived radionuclides, 
90Sr was the primary contaminant. In 
1967, the EURT area was contaminated 
again with radioactive sediments from 
the shores of Lake Karachay, which was 
used by the PA Mayak for dumping 
liquid radioactive waste. The primary 
contaminant was 137Cs.  
 
Investigations of the spatial and vertical 
distribution of 90Sr, 137Cs and 239, 240Pu 
in the soils of the Eastern Ural 
Radioactive Trace (EURT) and 
accumulation of these radionuclides by 
plants were carried out in 2009− 2015. 
  
Figure 1. 



 

 

Research purposes 
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1) estimation of the heterogeneity of the soil contamination  
by 90Sr, 137Cs and 239Pu,240Pu within the EURT central axis;  
 

2) investigation of the variability of radionuclides accumulation 
by plants of different taxonomic groups growing within 
central axis of the EURT.  

 
 



 

 

Material and methods 
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The reference sites were selected in the main types of ecosystems at different distances 
from the epicenter of the accident (see Table 1). Samples of soils were collected by layers 
with a thickness of 5-10 cm to a depth of 50 cm, taking into account the area. We also 
taken of samples of the above-ground mass of the dominant species of plants. 
 
90Sr and 239,240Pu from the soil and plant samples were isolated radiochemically. 
Measurement of β-activity of the samples was carried out on the radiometer "UMF-2000" 
(Russia) with a lower detection limit of 0.2 Bq. Determination of Pu isotopes was carried 
out on a multichannel α-spectrometer "Ortec" (USA). The lower limit of the determination 
was 0.01 Bq. The 137Cs content was determined on gamma spectrometer Ortec (USA), 
with a detection limit of 0.1 Bq. All the data were calculated for air-dry weight. 
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The EURT is characterized by mosaic and uneven distribution of radionuclides. In general, the 
spatial distribution of radionuclides in the soil cover of the EURT territory is characterized by a 
regular decrease of the contamination levels with increasing distance from the accident 
epicenter in accordance with the exponential function. The maximum of 90Sr contamination 
density in the soils on the trace axis reach 70,000 kBq/m2, 137Cs - 1500 kBq/m2 and 239,240Pu - 
170 kBq/m2. 

 

 

Distribution of radionuclides in the soils of the central EURT axis 
depende on the distance from the accident epicenter 
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Distribution of radionuclides along 
the vertical soil profile is not even. 
After 60 years have passed since 
the accident 93-95% 90Sr, 95-98% 
137Cs and 80-92% 239,240Pu located 
in the upper soil layer (thickness 0-
20 cm) in meadow and forest 
ecosystems, respectively.  
 
At the bottom of the soil profile 
radionuclide content decreases 
and reaches a minimum value at a 
depth of 50 cm.  
 

 
Vertical distribution of radionuclides in soils 

(a) meadow and (b) forest ecosystems,% of 
content in soil profile 
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Accumulation of radionuclides by Urtica dioica L. in the 
EURT gradient 

The concentration of radionuclides in the above-ground mass of plants growing on the EURT 
territory increases with the level of soil contamination and it is well approximated by a 
power function. Such a change in the specific activity of radionuclides is observed both for 
individual plant species and for large taxonomic groups. 
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Taxonomic groups: 1 – herbaceous plants; 2 - woody plants; 3 - moss; 4 - lichens. 

 

 

Accumulation of radionuclides by plant of different 
taxonomic groups in the EURT gradient 

At the EURT gradient contamination, the range of 90Sr concentrations for representatives of 
different taxonomic groups is a narrow corridor with a scope of values in order of magnitude. An 
increased accumulation of 137Cs by mosses and lichens was noted in comparison with vascular 
plants. Within the taxa, the accumulation capacity of different species can vary greatly. It was 
shown that species specificity determines slightly more than half of the variability of 90Sr 
accumulation. 
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1. The inventory of radionuclides in the EURT soils is reduced with the distance from the 

accident epicenter in accordance with the exponential function. 
 

2. Sixty years after the accident, 93-95% 90Sr, 95-98% 137Cs and 80-92% 239,240Pu are located 
in the upper layer (0-20 cm) of automorphic soils. 
 

3. The concentration of radionuclides in the above-ground mass of plants growing on the 
EURT territory increases with the level of soil contamination and is well approximated by 
a power function. 
 

4. In each taxonomic group, the accumulation of radionuclides is determined by the specific 
features of the plant species. 

Conclusion 
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