
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

The specificity of production and processing of agricultural raw materials
in the radioactively contaminated territory (by the example of Chernobyl
Nuclear Power Plant accident)
To cite this article: A I Dutov et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 640 062020

 

View the article online for updates and enhancements.

This content was downloaded from IP address 188.170.217.49 on 15/04/2021 at 09:47

https://doi.org/10.1088/1755-1315/640/6/062020
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvSaTbogusY-NC1paPRg5cgqWhsA6SkSy-B_X_UrK8VKCU2MLBRJ4GLc_WEF7vOjBvVUbW72wXBrtBS7SdbDitO0sKdChvcho6p-YEmmUeXHCFM2V1UP8KWnS_dlKUWTGpGKGt0fjTHTYdpqmiORwN-sIVESWyZYARujX7ko27FbSIYdMHU-PqNeYBpUvemH6R50vZmyq8Qic2_UsrLS44pEjIaHuQV6qtVk7clrl1XiVmlxHA0mZpLG6wkEXa-XombsJMCOQlJXrjQzKlVemxr&sig=Cg0ArKJSzODgaxs5X9O3&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/240/cfp.cgi%3Futm_source%3DIOPJournals%26utm_medium%3DPDFCover%26utm_campaign%3D240AbstractExtended%26utm_content%3DExtendedDeadline


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

P2ARM 2020
IOP Conf. Series: Earth and Environmental Science 640 (2021) 062020

IOP Publishing
doi:10.1088/1755-1315/640/6/062020

1

The specificity of production and processing of agricultural 
raw materials in the radioactively contaminated territory (by 
the example of Chernobyl Nuclear Power Plant accident) 

 

A I Dutov1, V Y Rodionov1 and L A Puzanova2 

 
1 Institute for Retraining and Advanced Training of Agribusiness Personnel of 
Belgorod State Agricultural University named after V.Y. Gorin, 16, Vavilov str., 
Maisky village, Belgorod district, Belgorod region, 308503, Russia

 
 

2 
Belgorod State National Research University, 85, Pobeda str., Belgorod, 308015, 

Russia 
 
Email: Dutov_bsau@mail.ru 

Abstract. The article presents data on the specifics of production and processing of 
agricultural raw materials in a radioactively contaminated area. It is shown that in the remote 
period of development of the radio ecological situation after the Chernobyl accident, the total 
radiation dose of the population (95%) is still formed due to the consumption of crops in 
polluted territories. For this reason, in addition to economic feasibility, the technical 
specification for the production and processing of agricultural raw materials should clearly 
define environmental aspects, which include reducing the individual effective dose of radiation 
to the population by ensuring guaranteed radio ecological safety of agricultural products and 
raw materials, and collective - by reducing the consumption of radionuclide from the crop. 
Deep processing of agricultural raw materials is the most effective in the conditions of 
radioactively contaminated territory. 

1.  Introduction 
After the localization of natural and man-made accidents and disasters, contaminated soil remains the 
main source of further long-term environmental pollution. The main routes of contamination in 
human’s body are the production and consumption of agricultural raw materials in these territories. 
The Chernobyl accident that in its scale and consequences is considered an unprecedented disaster of 
the twentieth century, is no exception [1-3]. More than 145 000 m2 of the territory with a density of 
more than 37 kBq / m2 were polluted only in the Ukraine, the Russian Federation and the Republic of 
Belarus. In various zones of radioactive contamination, there were about five thousand localities, 
where more than five million people lived permanently [4-6]. 

Systematizing the dynamics of the radiation situation and the direction of anti-radiation measures, 
it is conventionally accepted to allocate early, intermediate and remote phases of their development, 
which in turn also have separate periods [7-9]. 

The remote phase is the longest. It can last tens or even hundreds of years. Radio cesium is one of 
the most biologically significant pollutants and determines the degree of radiation risk for the 
population [10-12]. The initial way of incorporating the radionuclide in trophic migration chains is 
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their root penetration into plants. Thus, agricultural raw materials that are produced in a radioactively 
contaminated area make the main contribution to the formation of the radiation dose of the population 
[13-15]. 

Therefore, the investigation of specificity of production and processing of agricultural raw 
materials in the radioactively contaminated territory (by the example of Chernobyl NPP accident) as 
one of the main directions the radiation dose of the population to safe levels is a prerequisite for 
further recovery of industrial and social infrastructure radionuclide’s contaminated area, that is 
extremely important and urgent task. 

2.  Materials and methods 
The Investigation of the specificity of production and processing of agricultural raw materials in the 
radioactively contaminated territory (on the example of Chernobyl NPP accident) were carried out in 5 
most contaminated regions of the Ukraine (Volyn, Zhytomyr, Rivne, Kyiv and Chernihiv).  

The content of 137Cs in soil and plant samples were determined by spectrometric method on 
gamma spectrometry equipment with semiconductor detectors GEM-30185, Ge (Li), GMX Series 
«EG & G ORTEC» with multi-channel analyzer ADCAM - 300. Sampling and sample preparation for 
analysis was carried out by conventional methods with specific of researches in Agricultural 
Radiology. For evaluation of 137Cs accumulation in crops by different contamination densities of soil 
we used transfer factor (TF) of radio cesium from soil to plants – content of the radionuclide in the 
plant for contamination of soil, which is equal to one (Bq /kg air-dry weight of plant) / (kBq/m2 soil).   

3.  The study of the specificity of production and processing of agricultural raw materials in the 
radioactively contaminated territory (by the example of Chernobyl NPP accident) 
For investigation of the significance and criticality various aspects in formation of irradiation doses to 
population in the late period of development of the radiation situation it was appropriate to study its 
structure. The generalized data presented in Figure 1 shows that the dose of exposure of the 
inhabitants of critical settlements by 80-95% is determined by the internal irradiation of radioactive 
cesium coming to the body with food. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Structure of formation the radiation doses to population in the north-western regions of 
Polessye contaminated after the Chernobyl NPP accident. 
1 - <0, 1% - internal exposure caused by inhalation of radio nuclides from the air; 
2 - <2% - internal exposure from radio nuclides coming from drinking water; 
3 – 5 - 20% - external gamma radiation; 
4 - 80-95% - internal exposure from radio nuclides coming from food. 
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The proportion of external gamma irradiation ranges from 5-20%. The contribution of other ways 
of forming the total radiation dose (from radio nuclides entering the human body with drinking water 
and their inhalation) is negligible and does not exceed 2.5%. 

Thus the most critical  way of interring the 137Cs to the men`s organism and forming radiation 
doses in the remote period after Chernobyl NPP accident is the food, particularly the agricultural 
products and agricultural raw materials that were produced in contaminated areas.  

Given that external radiation in the remote period after the Chernobyl disaster has stabilized and 
will be determined, first of all, by natural processes (primarily by the physical decay of 137Cs), the 
priority for overcoming the consequences of the Chernobyl disaster should be a series of measures 
aimed at growing and consumption person with radiological clean food. In this regard, special 
attention should be paid to agricultural products and agricultural raw materials in which the 
radionuclide content exceeded, or potentially could exceed the allowable levels. 

The specificity of production and processing of agricultural raw materials in the radioactively 
contaminated territoury should take into account the potential ability of plants to accumulate 
radionuclides in the commodity par of the crops. According to the data presented in Figure 2, field 
crops can be divided into three groups depending on their potential ability to accumulate 137Cs. 
 

 

Figure 2. The relative accumulation of 137Cs in field crops harvest, % from corn. 
 
The minimal 137Cs accumulation in the harvest was found in case of corn. The radionuclide 
accumulation factor in grains of this plant species was 0.07 (Bq•kg-1) / (kBq•m-2). The maximum 
radiocaesium concentration within the group of grain cereals was in oat grains. The concentration of 
137Cs in oat grains was 5 times higher than that of corn.  
The group of plants with potentially low ability to accumulate 137Cs also includes potatoes. The 
radiocaesium accumulation factor in its tubers is intermediate between spring wheat and barley, but is 
71% higher than that for corn. The group of groat cultures was characterized with higher potential 
accumulation of radiocaesium. Thus, the 137Cs concentration in millet was nearly the same as in winter 
rye, but three times lower than in buckwheat (Figure 1). However, the maximum accumulation of 
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137Cs is typical of group of grain legumes. In particular, in pea plants the radiocaesium concentration 
was 13 times higher as that compared to corn. 

The specificity of agricultural processing also have an important role in reducing the specific 
activity of radionuclides in end products.  

For different methods of grain processing, the distribution of activity between the source 
products is different. Long-term data on the decrease in the specific activity of 137Cs in the process 
of technological processing of cereals for flour, feed and cereals are presented in table 1. 

For various methods of grain processing, the distribution of activity between the source and final 
products is different. These changes in specific activity of 137Cs in the process of technological 
processing of cereals for flour, feed and cereals are presented in table 1. 

 
Table 1. The transition of 137Cs from the grain in products of technological processing 

Processed 
product  

Share of the final product  
from the mass of input raw materials, % 

Reduction of 
specific activity 137Cs, times 

Grinding grain into flour 
Premium 40–45 1,4–1,7 
Grade I 75–80 1,3–1,6 
Grade II  80–85 1,1–1,3 
Waste material 15–60 0,60–0,80 
Processing for mixed fodder 
Mixed fodder  96–97 1,1–1,3 
Waste material 3–4 0,20–0,55 
Processing of buckwheat 
Unground 75–80 2,7–5,0 
Сhopping groats 20–25 0,20–0,25 
 

The most effective way to reduce the specific activity of radiocesium in the final product is to grind 
the grain into Premium flour, which gives a reduction factor of 1.7 times. A slightly smaller amount of 
radioactive caesium-137 passes into grade 1 flour. At the same time, this type of grain processing can 
also be attributed to measures that reduce the activity of the final product and recommend its using in a 
radioactively contaminated territory. A positive effect occurs after processing the grain into grade 2 
flour. But it will be much smaller. 

The concentration of 137Cs in mixed fodder after appropriate technological processing of grain does 
not significantly decrease, while in the waste that can also be used for feeding livestock in private 
farms of the population increases 2-4 times. 

Buckwheat is a widespread culture in agriculture and occupies a significant place in the diet of the 
population of the regions contaminated after the Chernobyl accident. At the same time buckwheat 
belongs to the group of the most accumulating 137Cs from soil. The results of long-term research, 
shown in table 1, can significantly (up to 5 times) reduce the content of the radionuclide in final 
product (unground). It should also be noted that severe restriction in the radionuclides content in bread 
and bakery requires mandatory monitoring of radionuclide content in agricultural raw materials and 
final products of its processing. 

4.  Conclusion 
In the remote period of the radio ecological situation development after the Chernobyl accident up to 
95% of the total population exposure dose is still formed due to consumption of agricultural harvested 
in contaminated areas. On this reason, in addition to economic feasibility, the specification for the 
production and processing of agricultural raw materials should have clearly defined environmental 
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aspects, which include reducing the individual effective dose to the population by ensuring guaranteed 
radio ecological safety agricultural products and raw materials, and collective - by reducing the 
consumption of radionuclides from the crop. Deep processing of agricultural raw materials, mandatory 
monitoring of the content of 137Cs in agricultural raw materials and their final products of processing 
is one of the most effective anti-radiation measures in the contaminated area. 
 
References 
[1] USSR State Committee on the Utilization of  Atomic Energy 1986 The Accident at the Chernobyl 

NPP and its Consequences Post Accident Review Meeting 25 – 29 August 1986 (Vienna:  
IAEA) рр 8-25 

[2] Abagyan A 1986 Information on the Chernobyl accident and its consequences prepared for the 
IAEA  Atomic energy 61 (5) 301-320 

[3] Fesenko S, Alexakhin R and Balonov 2007 An extended critical review of twenty years of 
countermeasures used in agriculture after the Chernobyl accident Science of The Total 
Environment  383 (1) 1-24 

[4] IAEA International Atomic Energy Agency 2006 Environmental consequences of the Chernobyl 
accident and their remediation: twenty years of experience Report of the UN Chernobyl Forum 
Expert Group “Environment” (EGE). (Vienna, IAEA) 

[5] Sivintsev Yu and  Khrulev A 1995 Evaluation of the radioactive release during the accident in 
1986 at the 4th unit of the Chernobyl nuclear power plant  Atomic energy 78 (6) 403- 412 

[6] 1998 Atlas of contamination of Europe by cesium after the Chernobyl accident (Luxemburg, EUR 
16733, CG-NA-16-733-29) 

[7] 2016 Russian national report: 30 years of the Chernobyl accident. Results and prospects of 
overcoming its consequences in Russia. 1986-2016  (Moscow Academ-Print)   

[8] 2016 National report of the Republic of Belarus: 30 years after the Chernobyl accident: results 
and prospects for overcoming the consequences (Minsk: Ministry of Emergency Situations of 
the Republic of Belarus)  

[9] 2016 Thirty Years of the Chernobyl Accident: Radiological and Medical Consequences: National 
Report of Ukraine (Kiev) 

[10] Talerko N 2005 Mesoscale modelling of radioactive contamination formation in Ukraine caused 
by the Chernobyl accident  Journal of Environmental Radioactivity 78 311 - 329  

[11] Hirose K 2012 Fukushima Dai-ichi nuclear power plant accident: summary of regional 
radioactive deposition monitoring results  J. Environ. Radioact. 111 13–17 

[12] Dutov A 2015 Radiation and environmental aspects of the contaminated lands using in the remote 
period after the Chernobyl accident Agroecological journal 1 115-120 

[13] Prister B, Baryakhtar V and Perepelyatnikova L 2003 Experimental Substantiation and 
Parameterization of the Model Des cribing 137Cs and 90Sr Behavior in a Soil-Plant System 
Env. Science and Pollution Research 1 126 – 136 

[14] Zubets M, Pister B, Aleksakhin R, Bogdevich I and Kashparov V 2011 Actual problems and tasks 
of scientific support of agricultural production in the radioactive contamination after the 
Chernobyl nuclear power plant accident zone  Agroekologicheskiy zhurnal 1 5-20 

[15] Dutov A and Abidov S 2015 Radiation-ecological approaches of  rational using the contaminated 
lands for the production of safe agricultural products Balanced Nature Management 1 89 - 93  


