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Abstract. The main cause of polyelement pollution of farm lands is related to the long-distance transport of 

pollutants from sources of heavy metal emissions into the atmosphere. There are different conditions for 

polyelement contamination of land in the differentiated wind field of the Ryazan region. This depends on the 

intensity and direction of the air-technogenic flow of pollutants. Therefore, it is possible to establish the risk 

categories of polyelement contamination of agricultural land. Basically, the land farms of the Ryazan region can 

be classified as a high risk of polyelement pollution priority pollutants – zinc, lead, copper. Soil genetic features 

of chernozems, gray forest soils, sod-podzolic soils, alluvial soils do not affect the risk of polyelement 

contamination, which is more dependent on the wind flow of pollutants. Agricultural land is contaminated with 

cadmium, which should also be taken into account to assess the risk. It is possible to use the methodology of 

“applied information economy” for creating a conceptual model of accounting for the risk of multi-element 

contamination of agricultural land. This allows to quantify non-economic factors in the presence of risks and 

uncertainties. The following non-economic risk factors were identified: 1 – changes in the content of priority 

pollutants in soils, such as zinc, copper, lead; 2 – changes in the content of accompanying pollutants in soils, for 

example, cadmium; 3 – changes in the quality of land due to pollution; 4 – changes in the soil quality due to 

pollution. Under the influence of these environmental factors there is a loss of land value. Further, the Fermi 

method and the Monte Carlo method should be used in analytical modelling of investment risk due to 

contamination of agricultural land with heavy metals. After a set of sufficient statistics probabilistic distribution 

for the indicator of land value, which allows to establish the most likely change in the value of the land with 

polyelement soil pollution, is calculated. 
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Introduction 

Soil contamination by inorganic and organic toxicants continues to increase widely as a result of 

different reasons, including pollutant emissions into the atmosphere [1-4]. There is an understanding 

of the risk of soil pollution by heavy metals and its effects on humans, living organisms and the 

environment [5-7]. The global environmental problem is the pollution of soils with heavy metals, 

which necessitates the application of significant means for remediation of contaminated soils to 

prevent pollutants from entering food [8-9]. The high biological availability of metals entering the soil 

due to industrial activities is a potential hazard to the existence of living organisms [10]. 

A topical issue of the regional economy is the expansion of the real estate market by increasing 

the turnover of land and attracting investment. Assessment of the market or investment value of real 

estate objects assumes that the participants of the transaction are well aware of the subject of the 

transaction. 

Agricultural land is an important part of the real estate fund in the Ryazan region. Many 

agricultural lands are influenced by long-distance atmospheric transport of pollutants, including heavy 

metals-zinc (Zn), cadmium (Cd), lead (Pb), copper (Cu) - which have toxic and carcinogenic effects. 

Pollution due to thermal power plants, metallurgy enterprises, machine-building, oil refinery, road. 

State regulation measures are applied to substances that pollute the environment [11]. 

The parties to the transactions are interested in obtaining full information on the degree of risk of 

soil contamination of agricultural land by heavy metals, therefore, in investment projects it is 

necessary to take into account such environmental risks. The spatial distribution of heavy metal 

contamination of agricultural land in the Ryazan region is uneven, depending on the location of the 

sources of air pollution and the direction of prevailing winds [12]. 

Therefore, for investment purposes, environmental risks should be ranked according to the degree 

of the risk of heavy metal contamination of agricultural soils on the basis of the probability of 

atmospheric-technogenic pollutants. The aim of the work is to create a conceptual model of 
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accounting for environmental risk in investment projects related to the use of agricultural land under 

the influence of large-scale and uneven pollution with heavy metals. 

First, the objectives of the work relate to the consideration of the degree of potential danger of soil 

contamination of agricultural land due to long-distance wind transport of heavy metals in the Ryazan 

region. Secondly, the objectives of the work include justification of the analytical model of accounting 

for environmental risk as a factor in the cost of land. The scientific novelty of the work lies in the 

methodological improvement of land assessment taking into account the environmental risk caused by 

atmospheric and anthropogenic pollution of soils of agricultural lands with heavy metals-Zn, Cd, Cu, 

Pb. The proposed concept takes into account the possibility of causing damage to soils and, 

consequently, damage to real estate of individuals and legal entities, based on the regional specifics of 

the spread of this negative environmental impact. 

Materials and methods 

For the research we have chosen all soil types widespread in the Ryazan region. These are sod-

podzolic soils, gray forest soils, chernozems, alluvial soils. The most typical agricultural uses of land 

with these soils were also taken into account. Therefore, it was necessary to survey the land of 

43 farms. The objects are located throughout the Ryazan region, so they experience different effects of 

long-range atmospheric transport of heavy metals, including cross-border transport of pollutants from 

the neighboring regions – Moscow and Tula. 

Wind field in the Ryazan region is differentiated by the intensity of polyelement transfer of 

polluting substances, as established by Tobratov S. A. [12, p. 304]. In the wind field, this author 

identified: 1) predominant trajectories of air transport pollutants, diagnosed by most of the studied 

elements; 2) secondary trajectories of air migration of pollutants detected by a limited number of 

studied elements; 3) manifestation of the impact of emission sources located in the territory of 

adjacent regions.  

We took into account these features of the wind field and the transport of pollutants in assessing 

the degree of danger of soil contamination by heavy metals in the studied objects. 

In the soils of 33 farms the total contents of zinc, lead, copper were evaluated. Samples were 

taken over the entire soil profile after 10 cm. In the soils of the rest 10 farms, these three chemical 

elements and cadmium were taken into account. The samples were taken from soil genetic horizons. 

The average content of each pollutant in the soil profile was established in the soils. Then total 

(polyelement) soil pollution was estimated. To this end, the degree of soil contamination with heavy 

metals was determined by the indicator Zc [13]. 

Zc – total pollution index – is calculated taking into account the concentrations of gross forms of 

heavy metals in the upper soil horizon according to the formula (1):  

 Zc = Σ (KCi + ... + KCn) – (n –1), (1) 

where n – number of substances to be determined;  

 KCi – concentration coefficient of the i-th pollution component.  

KC is determined according to the formula (2): 

 KC = Ci / CBi , (2) 

where Ci – actual content of the i-th pollution component in the soil, mg·kg
-1

; 

 CBi – regional background of the i-th pollution component in the soil, mg·kg
-1

. 

The Zc index is used without a dimension. 

The calculations used the regional background content of heavy metals in the soil, which was 

established by us earlier [14]: CBCd – 0.18 mg·kg
-1

, CBCu – 27.0 mg·kg
-1

, CBPb – 12.0 mg·kg
-1

, CBZn – 

35.0 mg·kg
-1

. 

The proposed analytical model is based on the methodology of “applied information economy” 

[15], which allows to quantify non-economic factors in the presence of risks and uncertainties. The 

main approaches used are the Fermi method [16] and the Monte Carlo method [17]. The Fermi method 

(or Fermi problem) implies decomposition of the influencing factors into elementary components and 
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the assessment of their inherent uncertainties, making justified assumptions about quantities and their 

variance or lower and upper bounds. However, instead of making assumptions, we use the Monte 

Carlo method for numerical simulation of the possible outcomes. Numerical simulation is performed 

using a random number generator. Thus, a set of numerical experiments replaces a set of assumptions. 

Results and discussion 

According to the results of the soil survey, there are four risk categories of polyelement 

contamination with heavy metals – zinc, copper, lead – in the differentiated wind field of the Ryazan 

region.  

The first risk category – the conditionally zero risk category – includes soils with Zc of less than 

1. These soils are located outside the trajectories of the main streams of atmospheric transport of 

pollutants and are unpolluted. The second risk category – low risk category – is characterized by soils 

with Zc of less than 2. These soils have a weak atmospheric and technogenic impact, so their pollution 

is negligible. The third risk category – medium risk category – includes soils with the Zc index less 

than 3. They are affected by secondary trajectories of air migration of pollutants, which increases the 

level of risk. The fourth category – high risk category – includes soils located in the areas of 

predominant air transport trajectories of pollutants, as well as those influenced by transboundary 

pollutant transport. Therefore, here the risk is the highest, Zc has values from 3 to 7. The differences 

between the established risk categories should be considered significant because their confidence 

intervals of Zc average values do not intersect, as it can be seen from Table 1. 

Table 1 

Risk categories of polyelement soil contamination with Zn, Cu, Pb  

Risk category Zc average mean Root-mean-square deviation 

I < 1.0 0.0 

II 1.4 0.3 

III 2.4 0.4 

IV 5.0 1.0 

It was found that most of the farms have a high risk of soil contamination with heavy metals – 

zinc, copper, lead. This was noted in 23 farms out of 33 surveyed. Soils of 6 farms have the medium 

risk category. Yet, in 4 farms the low category of risk is noted. Only 1 farm located in the National 

Park “Meshchera” has unpolluted soil.  

All of the examined genetic types of soils are contaminated with heavy metals to a considerable 

extent in long-distance transfer of pollutants. This applies to chernozems, gray forest soils, sod-

podzolic soils, alluvial soils surveyed in 43 farms according to the set values of Zc. Table 2 shows the 

results of the distribution for farms by the risk categories of polyelement soil contamination with Zn, 

Cu, Pb taking into account the soil types. Obviously, the fourth category – high risk – prevails in all 

types of soils for the farms surveyed. 

Table 2 

Risk of polyelement contamination with Zn, Cu, Pb for different soil types in farms 

Risk category 
Farms with 

chernozems, % 

Farms with 

gray forest 

soils, % 

Farms with 

sod-podzolic 

soils, % 

Farms with 

alluvial soils, % 

I 30.0 25.0 18.0 33.0 

II 10.0 0.0 18.0 0.0 

III 0.0 31.0 9.0 0.0 

IV 60.0 44.0 55.0 67.0 

Soil contamination with cadmium significantly increases the risk category due to increased Zc. It 

is established for 9 of the 10 farms. The exception is 1 farm located in the National Park “Meschera”. 

The comparison results are shown in Table 3. This applies to the set values of Zc(Zn, Cu, Pb) – 

polyelement soil contamination with Zn, Cu, Pb - and Zc(Zn, Cu, Pb, Cd) – polyelement soil 

contamination with Zn, Cu, Pb and Cd – in the 10 farms. 
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Table 3 

Influence of soil contamination with cadmium on Zc in the farms 

Farms Zc(Zn, Cu, Pb) Zc(Zn, Cu, Pb, Cd) 

1 0.2 2.0 

2 0.1 3.3 

3 0.0 0.7 

4 0.0 0.6 

5 0.3 1.2 

6 0.2 1.2 

7 0.1 0.7 

8 0.0 0.6 

9 0.0 0.0 

10 0.5 2.5 

Modern economic methodology allows us to quantify the possible changes in economic 

indicators, provided that they depend on a variety of non-economic factors, including the probabilistic 

nature. The need for such methodology fully manifested under polyelemental contamination of soil, 

since in this case, changes the value of the lands due to the decline of the soil quality. In this situation, 

many of the main factors affecting the cost of land are of non-economic nature, namely: the ecological 

state of the environment, the quality of life of the population, the ability to provide environmental 

services, etc. 

One of the ultimate goals of the ongoing research is the construction of analytical models to 

estimate changes in the value of land at air-technogenic migration of pollutants and the contamination 

of soils with heavy metals.  

We highlight the main natural factors of Fi, changing with long-range transport of pollutants:  

1. changes in the content of priority pollutants in soils – zinc, copper, lead, Fpp;  

2. change in the content of the soil related pollutants, for example, cadmium, FCd;  

3. change of the land quality, Flq;  

4. change of the soil quality, Fsq. 

These factors affect various aspects of Ai economic activity in the study area. First, the Fpp and FCd 

factors affect the direct cost of agricultural land use, as they affect environmental safety and the cost of 

production. Secondly, the Flq factor creates conditions for recovery of damage due to land 

contamination with chemicals [18]. The third factor Fsq determines the compensation of harm caused 

to soil as an object of protection of the environment [19].  

Further, it is necessary to quantify the dependence Ai(Fj), taking into account the probabilistic 

nature of this dependence: a change in Fj entails a change in Ai in the interval (Amin, Amax), with a 

probability distribution of z. 

Each change in the aspect of life/activity Ai, in turn, leads to a change in the value of the land, C, 

according to the formula (3): 

 C = ∑i Ai·Ki,  (3) 

where Ki – coefficients.  

The values (Amin, Amax), Ki and probability distribution of z can be quantified from the results of 

polyelement soil contamination in typical farms exposed to different risks in the differentiated wind 

field in the region. 

Further, the methodology for calculation of C is numerical simulation using Monte Carlo. The 

possible changes of Fj for the land plot are enumerated and randomly, taking into account the 

probability distribution of z, the changes of Ai are compared, which are then translated into the value 

of Cn for each numerical experiment with the number n. After a set of sufficient statistics, the 

probability distribution for C is calculated to determine the most likely change in the value of the land 

plot under polyelement soil contamination. 
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A similar conceptual approach for probabilistic environmental risk assessment is proposed by 

Keith Hayes [20], i.e. the risk is considered as the probability of loss measured by the loss distribution 

function. In turn, losses occur due to state changes, what the society is worried about. Since losses 

depend on the risk factors, these factors need to be put together and taken into account. 

We also believe that the risk is associated with the loss of condition or quality of something. In 

our study, this loss is due to adverse changes in the soil quality due to polyelement contamination. 

Therefore it is necessary to consider the factors in this loss. As such factors, we have chosen soil 

contamination with zinc, lead, copper, cadmium in farms, taking into account the differentiated wind 

field in the region. However, we offer another mathematical solution for environmental risk 

assessment, which is based on the methodology of “applied information economy” and therefore more 

adapted to the objectives of investment projects. 

Conclusions 

1. It is possible to distinguish different categories of risk of polyelement contamination of soils and 

lands in the conditions of the differentiated wind field. The risk category depends on the direction 

and intensity of long-distance atmospheric-technogenic transport of pollutants. 

2. A significant spread of farms with a high risk of polyelement soil contamination is the result of 

long-distance atmospheric-technogenic transport of zinc, copper, lead in the Ryazan region. 

3. The risk category of polyelement contamination of soils with zinc, copper, lead does not depend 

on the genetic characteristics of chernozems, gray forest soils, sod-podzolic soils, alluvial soils in 

the Ryazan region. The most important is the effect of wind transport of pollutants. Almost all 

soils are at high risk of polyelement contamination. 

4. In determining the degree of risk in addition to the priority pollutants – zinc, copper, lead – we 

should take into account the high risk of soil contamination with cadmium. This is a common type 

of chemical pollution of soil and land in the Ryazan region. 

5. Loss of the soil and land quality depends on the risk of polyelement contamination. This leads to a 

decrease in the value of land. Taking into account non-economic risk factors, i.e. factors of soil 

and land pollution by heavy metals during long-range atmospheric transport of pollutants, is the 

main concept of building an analytical model of investment risk. The most probable change in the 

value of the land plot at polyelement soil pollution can be established by analytical and numerical 

modelling based on the application of the Fermi method and the Monte Carlo method. 

Acknowledgements 

The authors express their gratitude to Tobratov Sergey A. for assistance in the work. 

References 

[1] Bolan N.S., Adriano D.C., Mahimairaja S. Distribution and bioavailability of trace elements in 

livestock and poultry manure byproducts. Critical Reviews in Environmental Science and 

Technology, vol. 34, iss. 3, 2004, pp. 291-338.  

[2] Mclaughlin M.J., Parker D.R., Clarke J.M. Metals and micronutrients-food safety issues. Field 

Crops Research, vol. 60, iss. 1-2, 1999, pp. 143-163. 

[3] Mench M., Lepp N., Bert V., Schwitzguébel J.P., Gawronski S.W., Schoder P., Vangronsveld J. 

Successes and limitations of phytotechnologies at field scale: outcomes, assessment and Outlook 

from COST action 859. Journal of Soils and Sediments, vol. 10, iss. 6, 2010, pp. 1039-1070. 

[4] Chibuike G.U., Obiora S.C. Heavy Metal Polluted Soils: Effect on Plants and Bioremediation 

Methods. Applied and Environmental Soil Science. Volume 2014, Article ID 752708, 12 pages. 

[online] [20.04.2019]. Available at: http://dx. doi. org/10. 1155/2014/752708 

Accessedon16/06/2016. 

[5] Khan S., Cao Q., Zheng Y.M., Huang Y.Z., Zhu Y.G. Health risks of heavy metals in 

contaminated soils and food crops irrigated with wastewater in Beijing, China. Environmental 

Pollution, vol.152, no.3, 2008, pp.686-692. 

[6] Zhang M.K., Liu Z.Y., Wang H. Use of single extraction methods to predict bioavailability of 

heavy metals in polluted soils to rice. Communications in Soil Science and Plant Analysis, vol. 41 

(7), 2010, pp. 820-831.  



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 22.-24.05.2019. 

 

773 

[7] Lu Y., Song S., Wang R., Liu Z., Meng J., Sweetman A.J., Jenkins A., Ferrier R.C., Li H., Luo 

W., Wang T. Impacts of soil and water pollution on food safety and health risks in China. 

Environment International, vol. 77, 2015, pp. 5-15. 

[8] Zhang X., Wang H., He L., Lu K., Sarmah A., Li J., Bolan N.S., Pei J., Huang H. Using biochar 

for remediation of soils contaminated with heavy metals and organic pollutants. Environmental 

Pollution And Risk Assessments, vol. 20, iss. 12, 2013, pp. 8472-8483. 

[9] Weber O., Scholz R.W, Bühlmann R., Grasmuck D. Risk Perception of Heavy Metal Soil 

Contamination and Attitudes toward Decontamination Strategies. Risk Analysis,vol.21, 2001, 

pp. 967-977. 

[10] Tordoff G.M., Baker A.J.M., Willis A.J. Current approaches to the revegetation and reclamation 

of metalliferous mine wastes. Chemosphere, vol. 41, iss. 1-2, 2000, pp. 219-228.  

[11] Распоряжение Правительства РФ от 8 июля 2015 г. N 1316-р «Об утверждении перечня 

загрязняющих веществ, в отношении которых применяются меры государственного 

регулирования в области охраны окружающей среды» (the Order of the Government of the 

Russian Federation of July 8, 2015 N 1316-p “ about the approval of the list of pollutants 

concerning which measures of state regulation in the field of environmental protection are 

applied”). [online] [26.03.2019]. Available at: https://base.garant.ru/71126758/. (In Russian). 

[12] Кривцов В.А. и др. Природный потенциал ландшафтов Рязанской области (Natural potential 

of landscapes of the Ryazan region). Рязань: Ryaz. St. Univ., 2011. 768 p. (In Russian). 

[13] Гигиеническая оценка качества почвы населенных мест. Методические указания МУ 

2.1.7.730-99. Минздрав России. Москва-1999. (Hygienic assessment of soil quality in populated 

areas. Methodical instructions MI 2.1.7.730-99. Ministry Of Health. Moscow-1999). [online] 

[26.03.2019]. Available at: http://files.stroyinf.ru/Data1/6/6862/#i201185. (In Russian). 

[14] Мажайский Ю.А. и др. Агроэкология техногенно загрязненных ландшафтов (Agroecology 

of technogenically polluted landscapes). Смоленск: Маджента, 2003. 384 p. (In Russian). 

[15] Hubbard D.W. How to Measure Anything: Finding the Value of “Intangibles” in Business, John 

Wiley & Sons, Inc., 2014, 2nd ed. [online] [26.03.2019]. Available at: 

http://bookre.org/reader?file = 1092969. 

[16] Weinstein L., Adam John A., Guesstimation: Solving the World’s Problems on the Back of a 

Cocktail Napkin. Princeton and Oxford: Princeton University Press, 2008. 320 p. 

[17] Kroese Dirk P., Brereton Tim, Taimre Thomas, Botev Zdravko I. Why the Monte Carlo method is 

so important today. WIREs Computational Statistics, vol. 6, iss. 6, 2014, pp. 386-392. 

doi:10.1002/wics.1314.  

[18] Письмо Министерства охраны окружающей среды и природных ресурсов Российской 

Федерации от 27 декабря 1993 года № 04-25, Комитета российской Федерации по 

земельным ресурсам и землеустройству от 27 декабря 1993 года № 61-5678 «О порядке 

определения размеров ущерба от загрязнения земель химическими веществами» (Letter of 

the Ministry of environmental protection and natural resources of the Russian Federation from 

December 27, 1993 No. 04-25, the Russian Federation Committee on land resources and land 

management dated December 27, 1993 No. 61-5678 “About the order of determination of the 

amount of damage from land pollution with chemical substances»). [online] [26.03.2019]. 

Available athttp://docs.cntd.ru/document/9033369. (In Russian). 

[19] Приказ Министерства природных ресурсов и экологии Российской Федерации от 8 июля 

2010 года № 238 «Об утверждении Методики исчисления размера вреда, причиненного 

почвам как объекту охраны окружающей среды» (с изменениями на 11 июля 2018 года) (the 

Order of the Ministry of natural resources and ecology of the Russian Federation of July 8, 2010 

№ 238 “ on approval of the Methodology for calculating the amount of damage caused to soils as 

an object of environmental protection” (as amended on 11 July 2018)). [online] [26.03.2019]. 

Available at: http://docs.cntd.ru/document/902227668. (In Russian). 

[20] Hayes, Keith R. Stakeholder engagement within probabilistic risk assessment. Environmental 

release of engineered pests, October 2016, Slide: 5 of 12. [online] [26.03.2019]. Available at: 

https://research.ncsu.edu/ges/files/2016/06/Hayes-Stakeholders_gene_drive_risk_v1.pdf. 

 


