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Abstract: A comparative ecological characteristics of the degree of chemical contamination of the soil in the agro-

industrial territories: farms and personal allotments of the Saratov region are present here. The purpose of the 

study was to assess the environmental and hygienic degree of soil contamination, as well as its possible impact 

on the health of the rural population from exposure to chemical contaminants used in agro-industrial 

production. To achieve the goal of the study, the content of the main chemicals, widely used in agriculture, in 

the soil was studied. The distribution of the studied agro-industrial territories was carried out taking into 

account the total indicator of the degree of soil pollution (Z). There were not significant differences between 

personal and private farms. Soil pollution in the Engels, Saratov, Fedorovsky, Balakovo and Marksovsky 

districts of the region was 50-60% due to heavy metals, 15-20% - pesticides, 20-35% - nitrates, oil products, 

benzapyrene. The results of calculating the values of the total hazard indices (THI) and the total carcinogenic 

risk (ICR) for the human body showed the safety of this contamination way for public health, as well as the 

presence of an acceptable individual lifetime level of carcinogenic risk.

1 INTRODUCTION 

The federal law of the Russian Federation "About 

Environmental Protection" regulates the main 

environmental definitions and allows the 

identification of zones of environmental disasters by 

state authorities and local governments. Such 

consequences, requiring decision-making are 

especially pronounced in the field of environmental 

protection in the implementation of activities in the 

field of agriculture. Therefore, in 2019, the 

requirements in the field of environmental protection 

for the use of chemicals in agriculture have been 

expanded. These changes are aimed at complying 

with the rules for the production, storage, 

transportation and use of chemicals used in 

agriculture. Of course, such changes in the law should 

contribute to the adoption of measures to prevent the 
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negative impact of economic and other activities on 

the quality of the environment, the sustainable 

functioning of natural ecological systems and the 

conservation of natural landscapes. The Saratov 

region is a powerful agro-industrial center of the 

middle-lower Volga region and largely determines 

the high chemical load on the environment, and above 

all, soil contamination, which served as the basis for 

these studies (Eliseev, 2022, 2021, 2020). 

2 MATERIALS AND METHODS 

As an object of study, data on the content of chemical 

pollutants in the soil of a number of agro-industrial 

regions of the Saratov region were chosen. At the 

same time, retrospective indicators of the laboratory 

database of the regional system of social and hygienic 
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monitoring of the Center for Hygiene and 

Epidemiology in the Saratov region were used, as 

well as data from joint studies conducted with a 

laboratory "Ecomir" to identify the content of 

chemical contaminants in the soil (petroleum 

products, formaldehyde, nitrates, heavy metals and 

pesticides) for the period from 2010 to 2020. 

Sampling for the detection of chemical pollutants was 

carried out in the summer on the territories of farms 

of agro-industrial complexes, as well as 2–5 km from 

them in the territories of personal subsidiary plots. 

Soil contamination with pollutants was studied 

according to the hygienic standard. To determine the 

content of pesticides in the soil a thin-layer of 

chromatography was used on silica gel analytical 

plates PTSKh-AF-A, manufactured by Sorbfil, made 

of aluminium foil, coated with a working layer of 

micro fractionated silica gel sorbent. If the level of 

organochlorine pesticides in the soil was less, than 

0,05 mg/kg the additional studies were carried out 

using the gas-liquid chromatography method on a 

Khromatek Crystal gas chromatograph with a more 

sensitive electron-capture measuring detector. 

Analytical determination of the content of heavy 

metals (lead, cobalt, arsenic, copper) in the soil was 

carried out on the "IVA-5" analyser, by using 

adsorption stripping voltammetry. The content of 

mercury in the samples under study was determined 

by flameless atomic absorption spectrometry with 

preliminary mineralization of the sample under 

pressure on a RA 915 M analyser with an RP-92 

pyrolytic attachment. The determination of nitrates in 

the soil was carried out by the potentiometric method 

on a Mikon-2 analyser using a laboratory kit based on 

an Expert-001-3(0.1) photometer with ion-selective 

electrodes. To quantify the level of soil contamination 

with oil products and benzapyrene, the method of gas-

liquid chromatography was used. 

The assessment of the danger of soil 

contamination by a complex of elements was carried 

out by the calculation method. The complex indicator 

of soil pollution (Zc) in the observation areas was 

determined by the formula: 

  (1) 

Kci - concentration coefficient of the i-th element 

in the sample with excess MPC; 

n – number of elements. 

 Regional values of element concentrations in the 

soil were used as the background content of chemical 

elements. In the absence of background values, the 

maximum allowable concentration was used. 

The health status of the rural population living in 

the territories of farms and personal allotments of 

agro-industrial regions was studied according to 

statistics for the observation period from 2010 to 

2020. 

The health risks of the rural population from 

potential exposure to soil contaminants were assessed 

in terms of individual carcinogenic risk (CR) and 

population risk (PCR). The calculation of individual 

risk was carried out on the basis of exposure data and 

the carcinogenic potential factor of a particular 

carcinogen. Determination the value of population 

risks, reflecting the additional number of cancers (in 

addition to the background of neoplasms), that can 

occur under the influence of pollutants, was 

determined by the calculation of CR by the 

population in the study population (POP). 

3  RESULTS AND DISCUSSION 

In the field of environmental and hygienic control 

over the state of the human environment, the 

assessment of the sanitary state of the soil remains 

one of the main directions. Waste of various natures 

is one of the main sources of the soil pollution. In this 

regard, annual supervision is carried out over objects 

that are sources of soil pollution in residential areas, 

in the zones of influence of industrial enterprises, 

highways, and agricultural lands. Data on monitoring 

the quality of the sanitary and epidemiological safety 

of the soil, carried out in the agro-industrial territories 

of the Saratov region demonstrates, that the share of 

soil samples exceeding the maximum permissible 

concentrations of chemical pollutants ranged from 

1.1% to 15.2% for the period from 2010 to 2020 

(Kiku,2015). This corresponded to the degree of soil 

pollution in a number of other settlements of Russian 

regions. Nevertheless, soil pollution in large agro-

industrial regions of the Saratov region (Saratov, 

Engels, Balakovo, Marksovsky) in terms of sanitary 

and chemical indicators in 1.5–2 times lower than in 

the well-known Russian industrial regions of the 

Novgorod region (26.38%), Zabaikalsky Territory 

(25.73%), Murmansk (23.96%), Sverdlovsk 

(21.94%), Kirov (20.79%) regions (Nikiforova, 

2021). 

The priority substances of the studied territories 

of the Saratov region, which determine the soil 

pollution of farms, were: nitrates, pesticides, 

especially organochlorine (DDT and HCCH), heavy 

metals (Pb, Cd, As, Hg). 

Thus, the amount of lead and cadmium were 1.4-

2.8 times higher than the maximum permissible 
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concentrations in the territory of the Saratov, Engels, 

Balakovo, Fedorovsky and Marks district. 

The level of arsenic was 1,45-1,9 times ( higher 

than the maximum permissible concentration (5,0 

mg/kg) in the territory of the Engels (3,8+0,6 mg/kg), 

Balakovo (3,2+0,3 mg/kg), Fedorovsky (3,0+0,4 
mg/kg) and Marks (2,9+0,3 mg/kg) district. 

The level of mercury was in 1,8-1,9 times higher 

than the maximum permissible concentration (2,1 

mg/g) in the territory of the Engels (3,8+0,6 mg/kg) 

and Marks (4,1+0,8 mg/kg) district. 

The amount of benzapyrene exceeded the 

allowable concentration in 1.1-3.5 times (0.04±0,03 

mg/kg) in the Saratov (0,07+0,02 mg/kg), Engels 

(0,05+0,01 mg/kg), Balakovo (0,04+0,01 mg/kg), 

Dergachevsky (0,02+0,002 mg/kg) districts. 

The amount of nitrates was higher than the 

maximum permissible concentration (130,0 mg/kg) 

in the territory of the Saratov (136,2±12,6 mg/kg), 

Engels (158,9±18,4 mg/kg), Balakovo (14,6±11,6 

mg/kg), Dergachevsky (178,4±22,2 mg/kg), 

Ershovsky (189,2±29,7 mg/kg), Perelyubsky 

(204,2±44,7 mg/kg), Romanovsky (147,5±10,1 

mg/kg) districts. 

The amount of oil products in the soil of the 

Saratov, Engels, Balakovsky, Dergachevsky, 

Ershovsky and Marksovsky districts of the Saratov 

region exceeded the permissible concentrations by 

1.1-2.5 times and were 2215,82±673,6 mg/kg. 

Concentrations of organochlorine pesticides on 

the territory of all districts of the Saratov region 

exceeded the permissible concentrations in the 1.2-

3.6 times. 

All of the above xenobiotics had a pronounced 

anthropotechnogenic origin, the sources of which 

entered the soil were agricultural or agro-industrial 

enterprises (non-ferrous metallurgy, galvanization, 

carbon fuel combustion, welding processes, as well as 

vehicle emissions. 

Pollutants got into the soil in various ways: from 

the atmosphere in the form of aerosols, which were a 

part of the emissions from industrial enterprises (or 

car exhaust gases), as well as with rain and snow. The 

accumulation of the above toxicants of industrial 

origin in the study areas was largely facilitated by the 

type of soil (soddy-podzolic). In terms of 

composition, these are sandy and sandy loamy (74%) 

and loamy soils (26%), with acidic pH values from 

4.9 to 7.6. 

Heavy metals are strongly sorbed and interact 

with soil humus, forming sparingly soluble 

compounds. Thus, there is a process of accumulation 

of heavy metals in the soil. Along with this, in the soil, 

under the influence of various factors, there is a 

constant migration of substances entering it and their 

transfer to long distances. It is generally accepted that 

the maximum concentrations of pollutants in the soil 

are present at distances up to 5 km from the source of 

pollution, gradually decreasing with distance, and at 

a distance of 15-20 km approaching the background 

level. However, the lack of compliance with the 

regulations for compliance with the sanitary 

protection zones of enterprises in the region leads to 

the fact that pollution sources operate almost without 

restrictions. 

Our comparative study of the average daily 

concentrations of the studied substances in the soil on 

the plots of private farms in rural settlements of the 

region during the study period (for 2018-2020) 

showed that the content of heavy metals and 

benzaperene was identical to the amounts in farm soil 

and in the soil of private farms. The same amounts of 

organochlorine pesticides in the soil were explained 

by their high stability in environmental objects, 

associated with the intensive use of insecticides in 

previous years. 

A significant difference was noted in the content 

of organophosphorus pesticides, nitrates and oil 

products in the soil of farms belonging to large 

agricultural enterprises in comparison with the soil in 

the plots of private farms in rural settlements. 

Chlorpyrifos was found in the soil of both farms 

and private farms, while in the latter its concentration 

was significantly lower (p<0.05). The high content of 

the insecticide chlorpyrifos in the soil of farms was 

explained by the way it was used to control insects 

(locusts) by aerial treatment, especially in 

Perelyubsky, Ershovsky, Dergachevsky districts. 

The intensive use of the herbicide glyphosate by 

farms has not been confirmed in the fight against 

weeds on land plots of private farms. Similarly, farm 

workers in environmentally disadvantaged areas did 

not use the pesticide malathion, in contrast to private 

farms in rural settlements. 

The average total content of nitrates on the land 

plots of private households in rural settlements turned 

out to be lower (741.2±43.4 mg/kg), which was 1.8 

times significantly (p<0.05) less than the average 

total concentrations of the same salts on the farmer's 

fields of farmland - 1335.1±56.5 mg/kg, owned by 

agricultural firms. A similar picture, but even more 

pronounced, was observed with regard to the content 

of oil products in the soil. The average total content 

of oil products in the soil of private farms was 

2990.2±106.4 mg/kg, while in the soil of farms it was 

significantly (p<0.05) 3.4 times higher and reached 

1020.6±965, 5mg/kg. 



The complex indicator of soil pollution (Z) with 

chemicals in the farms of the region was 50-60% 

represented by heavy metals, 15-20% by pesticides, 

the remaining 20-35% were nitrates, oil products and 

benzapyrene. The index Z of soil contamination of 

private farms looked similar in percentage terms. 

The high content of chemical contaminants is 

explained by intensive agricultural activities and the 

presence of working agro-industrial complexes in the 

considered territories (Calori, 2003, Al-Momani, 

2003). 

The study of the general toxic and carcinogenic 

effects of soil chemical pollutants on public health 

was carried out in accordance with the general 

principles of the risk assessment methodology. 

The calculation of the total hazard indices (THI) 

of chemical soil pollutants with chronic intake of 

contaminants for the periods of research (2018-20) as 

a parameter for the assessment of the non-

carcinogenic risk to public health, regardless of the 

territorial location of the surveyed areas and rural 

areas, showed values in the intervals from 0.00006 to 

0.01, which was significantly lower than the values 

of the permissible level of non-carcinogenic effects 

(1.1 - 3.0) and testified to the safety of this pollution 

pathway for public health. 

The results of calculating the values of the total 

carcinogenic risk for the local population under the 

influence of Cd, As, Pb, DDT, HCCH, benzapyrene, 

glyphosate contained in the soil did not exceed 

2.4x10-6 , which indicated an acceptable individual 

lifetime level of carcinogenic risk. The greatest 

contribution to the total individual carcinogenic risk 

was made by heavy metals (60-75%) and 

organochlorine pesticides (up to 96%). 

4 CONCLUSIONS 

1. Studies have shown that the soil of agro-industrial 

regions can accumulate chemical pollutants used in 

agriculture. 

2. Heavy metals, pesticides, nitrates, oil products 

predominate as soil pollutants in agro-industrial 

regions. 

3. The results of calculating the values of the total 

hazard indices and the total total carcinogenic risk for 

the human body living in the studied agro-industrial 

territories testified to the safety of this pollution 

pathway for public health and the presence of an 

acceptable individual lifetime level of carcinogenic 

risk. 
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