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Abstract. This work studies the impact of electromagnetic 

fields on the degradation of agricultural land. During the 

analysis of available sources of information, it was found that in 

the scientific publications by domestic authors, there is no 

mention of such a factor of land degradation as the action of 

electromagnetic fields (EMF) of man-made origin. Numerous 

scientific works by foreign experts present the results of 

experimental studies that confirm the negative impact of 

electromagnetic radiation (EMR) of power lines (PL) on 

agricultural land. The application of mathematical methods of 

modelling the dynamics of the distribution of the number of 

microorganisms or other soil components in the irradiation zone 

of power lines can be the basis for biomonitoring in the system 

of construction technologies to protect agricultural land from 

electromagnetic pollution. The paper presents statistical models 

designed to assess the impact of electromagnetic fields on 

pollution of agricultural land and conduct appropriate 

biomonitoring. The dependence of the number of fungi in the 

soil on the distance to the 110 kV power line at different seasons 

and the dynamics of the intensity of adaptation processes in the 

soil at different distances from the power line (PL) was 

constructed. The methods of regression, variance and cluster 

analysis were used in the development of models, and the 

corresponding elasticity functions were constructed. It is shown 

that the application of modern data processing methods allows 

obtaining additional information even from the already 

published results of work performed by various researchers. 

Keywords: environmental protection technologies, biomonitoring, 

the influence of electromagnetic fields on land degradation, 

statistical models, regression analysis, analysis of variance, 

cluster analysis.  

1. Introduction

The motivation for this publication is to study 

the impact of electromagnetic fields of power lines on 

the degradation of agricultural land. Namely, the use 

of mathematical approaches for processing experimental 

data obtained on the basis of bioindication. 

Agricultural production makes a significant 

contribution to Ukraine's economy. As of 2020, the 

domestic agro-industrial complex employed about 

35 % of all workers in the field of material production, 

which created almost 15 % of gross domestic product 

(Matrosova, 2020). In (Vambol et al., 2021) it was 

noted that the main component of agricultural 
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production, which depends on the quality of products 

available to man, is the soil and its ecological 

condition. Based on the analysis of a number of 

literature sources, it is concluded that the condition of 

agricultural land on a large part of the territory of 

Ukraine is far from ideal, and its quality continues to 

deteriorate. In particular, pollution by radionuclides 

(Sydorenko et al., 2022), pesticides, organic matter 

and heavy metals together leads to the degradation of 

over 13 % of the total arable land. In addition, the 

percentage of land used for solid waste storage is 

growing every year (Storoshchuk et al., 2021; Ziarati 

et al., 2022; Ratushniak et al., 2021). However, almost 

until the end of the twentieth century, researchers paid 

insufficient attention to such a specific source of 

pollution as electromagnetic fields (EMF) of man-

made origin. The situation changed after 1995 when 

the World Health Organization officially introduced 

the concept of “electromagnetic pollution”. Among the 

sources of man-made EMFs, power lines (transmission 

lines) occupy a special place as they cover a large part 

of the earth's surface, and large areas are constantly 

exposed to their radiation. In the course of scientific 

research, including those by Ukrainian scientists, the 

following data were obtained: 

– the zone of electromagnetic pollution in 

Europe already occupies more than 1  % of the total 

area of the continent and is constantly increasing 

(Roshko V. V., Roshko V. H., 2017);  

– power lines, which represent an antenna 

whose length can reach several thousand kilometres, 

emit electromagnetic waves with a frequency of 50 or 

60 Hz. This can affect the population of charged 

particles, changing their energy and pitch angle, which 

leads to their increased eruption from radiation belts 

with unknown consequences for the environment 

(Korepanov et al., 2015).  

In (Cherepnov et al., 2021), the authors 

analyzed a number of specialized scientific papers, 

which considered various theories that explain the 

mechanism of action of EMF on the soil. Here are the 

three most common, namely: the direct action of 

electromagnetic fields, changes in the structure of the 

population of soil microorganisms under the influence 

of EMF, the impact of electromagnetic radiation of 

ultrahigh frequencies (UHF) on the physicochemical 

properties of soils. Despite the different approaches to 

explaining the process of EMF interaction with the 

soil, presented in the works, their authors draw the 

same conclusion: the action of transmission line 

radiation for a long time leads to the degradation of 

soils used in crop production and, above all, their 

varieties such as chernozem (Cherepnov et al., 2021).  

There are objective circumstances that make it 

difficult to study the impact of man-made EMF on 

bioelements of the agrosphere, namely (Bakhareva, 

2016): their complex structure and relatively low rate 

of degradation wave compared to the life expectancy 

of one generation. 

The basic legal document defining the areas 

of environmental monitoring (Postanova Kabinetu 

Ministriv Ukrainy, 1998) provides an exhaustive list of 

parameters controlled by the Ministry of Agrarian 

Policy in monitoring the condition of agricultural soils, 

namely, radiological, agrochemical and toxicological 

parameters, residual pesticides and pesticides. metals. 

That is, there is no monitoring of electromagnetic 

pollution of land. In our opinion, this is a serious 

shortcoming that reduces the objectivity of the results 

of monitoring the processes of degradation of 

agricultural land. It is the presence of this component 

of environmental control and protection technology 

that can solve the problem of optimizing the allocation 

of resources to address environmental security issues.  

To solve this problem, it is advisable to use an 

integrated approach. Monitoring of natural and man-

made EMRs should be carried out using both 

bioindication and traditional control methods. This 

will make it possible to objectively control the 

ecological condition of the soil and take measures to 

neutralize degradation processes. 

During the selection of biological indicators, 

the following requirements are imposed on them 

(Cherepnev et al., 2011):  

– the bioorganism must have a certain level of 

sensitivity to man-made stressors; 

– the response of the bioindicator should 

depend on the level of action; 

– the bioindicator must have visually 

observable morphological (biometric) changes; 

– provide sufficient accuracy and information; 

– be distributed in the relevant region and 

evenly distributed in the control area. 

To implement any monitoring method, it is 

necessary to build its analytical or statistical models 

that describe the response to the stimulus – 

electromagnetic radiation (EMR), the distribution in 

the EMF range of those biological organisms selected 

as a test system. In [(Bakhareva, 2016; Smyrnova et 

al., 2019), the soil is considered as a complex 

ecosystem. In the upper fertile layer, there is a complex 

combination of so-called vibrators: mineral particles, 
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detritus, i.e. dead organic matter of animal and plant 

decay, including waste products at different stages of 

decomposition, as well as many living organisms from 

reducers (fungi, bacteria) to large detritophagous 

(earthworms, molluscs and insects), which form a 

complex food chain and exist using detritus. 

In (Cherepnev et al., 2010), the authors studied 

the effects of EMR on biological objects of different 

levels of the organization and their responses based on 

the analysis of data from more than 480 sources 

published in the last few decades. The results of 

ecological and biochemical monitoring of soil 

composition and activity of catalase enzymes in the 

arable soil layer in the zone of electromagnetic fields 

of power transmission lines are given in (Sarokvasha, 

2006; Shcherbakov 2013), and in (Hapochka, 2013), 

the change in the number of microalgae as a result of 

electromagnetic radiation is considered. However, the 

lack of proper statistical analysis does not make it 

possible to make reasonable conclusions about the 

results of this monitoring. In (Beliuchenko, Melnyk, 

2020), it is noted that there are almost no publications 

in which a comparative analysis of the ecological 

characteristics of soil and root zone of plants is 

conducted based on quantitative indicators with 

subsequent mathematical processing of the results.  

Given the above, the purpose of this work is to 

investigate the impact of electromagnetic fields on the 

degradation of agricultural land. 

The objectives of this work are: 

– construction of statistical models designed to 

assess the impact of electromagnetic fields on land 

pollution; 

– conducting biomonitoring of agricultural lands 

under the influence of EMF power lines. 

The second chapter of this publication will 

provide a mathematical justification for ecological 

– biochemical monitoring of soil composition. On the 

basis of regression analysis, regression equations were 

obtained that describe the corresponding processes. 

Accounting for the influence of several factors is taken 

into account using classical and nonparametric 

analysis of variance. To take into account changes in 

established weather conditions that have an active 

influence on the physicochemical processes in the soil, 

including soil biota, grouping was performed by the 

cluster analysis method. 

In the third chapter, an assessment will be made 

of the overall influence of the factor of distance to the 

power line (row factor) and the area where the 

measurements were taken (column factor). A two-way 

analysis of variance was performed without repetition. 

2. Experimental part 

 

2.1. Materials and methods  

 

To achieve the goal and solve the tasks, the 

methods of regression, variance, and cluster analysis 

were used, and the corresponding elasticity functions 

were constructed. In building mathematical models, 

modern data processing methods described in (Skyena, 

Styven, 2020; Kaplan et al., 2008; Pen R., Pen V., 

2021; Kotliar, 2000) were used. They were used to 

evaluate the results of experiments in the literature. In 

this work, we used the methods of cluster, variance and 

regression analysis in the form in which they are 

implemented in software systems STATGRAPHICS XV. 

I and Atte Stat (Vadzynskyi, 2008; Haidyshev, 2015).  

Cluster analysis is designed to divide the set of 

studied objects and features into homogeneous in a 

certain sense groups or clusters. Methods of regression 

analysis within the work was used to construct 

empirical relationships. In this work, the obtained 

regression equations were used to construct the 

elasticity and instantaneous growth functions.  

 

2.2. Mathematical justification for the use of statistical 

analysis 

 

It is known from (Pen R., Pen V., 2021; Kotliar, 

2000) that the functions of instantaneous growth are 

used to study the dynamics of processes occurring in 

different environments. It is known that for any 

differentiated function y = f (x), its elasticity Ex(y) is 

determined by the formula:   

𝐸𝑥(𝑦) =
𝑦′(𝑥)

𝑦
𝑥.                        (1) 

The function y = f (x) is called elastic, as if the 

elasticity index Ex(y) >11, ie change the argument by 

1  %, the value of the function changes more than 1  %. 

The function y = f (x) is inelastic when the elasticity 

index Ex(y)<1. 

In (Kaplan et al., 2008), it was shown that for a 

function y = f (x) defined on [a, c], a fair relation with 

the name of a divisor of the first kind V (x) is valid, 

namely: 

𝑉(𝑥) = lim
∆𝑥→0

[
𝑓(𝑥 + ∆𝑥)

𝑓(𝑥)
]

1
∆𝑥

= 𝑒𝑥𝑝 [
𝑓′(𝑥)

𝑓(𝑥)
] .    (2) 

Its possible interpretation is as follows: the 

dividend of the first kind is the average growth rate 

over an infinitesimal time interval [t1, t2], t1 < t2;  

 t = t2 – t1 < 1,    0. In (Kotliar, 2000), it was 

shown that the definition of a second-order divisor 
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coincides with the definition of the elasticity of a 

function. The use of these functions makes it possible 

to obtain more detailed estimates of the impact of 

electromagnetic fields on agricultural land pollution 

than the usual regression equations. 

In the statistical analysis of the experimental 

results, there is a need to assess the influence of some 

not quantifiable (qualitative) factor or group of factors 

on the studied random variable. The task of the 

variance analysis is to use the results of observations 

on the studied random variable Y to assess the 

dependence of its mathematical expectation (average) 

on the factors under consideration. This problem is 

solved by comparing the sample variance caused by 

the influence of the qualitative factor (factors) under 

consideration with the sample variance due to random 

causes (the influence of uncontrolled factors in this 

experiment, measurement errors, etc.). If the difference 

between these variances is significant, it is believed 

that the analyzed factor (factors) significantly affects 

the studied random variable (investigated performance 

trait). 

 

2.3. Ecological – biochemical monitoring of soil 

composition  

 

Consider the application of the proposed 

methods for ecological – biochemical monitoring of 

soil composition in the area of high-voltage power 

lines. The change in the number of fungi in the soil, 

depending on the distance to the power line, was 

chosen as a bioindicator. At the same time, there is an 

assumption that in the characteristic size of the area of 

EMF influence, we have the same conditions for the 

development of bioorganisms. Methods for obtaining 

the initial data required for this are described in  

(Pen R., Pe, V., 2021). We consider the variant of the 

dependence of the number of fungi in the soil on the 

distance to the 110 kV power line in different seasons. 

This information is borrowed from (Beliuchenko, 

Melnyk, 2020) and formed in Table 1. A detailed 

analysis of these data revealed two zones that differ in 

the number of fungi: a nearby, not further than 300 m 

from the power line and a remote one, located at a 

distance of more than 300 m from the power line. 

A characteristic feature of the nearby zone  

(L <300 m) is that the process of changing the number 

of fungi is unstable and is found only in the remote 

zone. In the remote zone (L> 300 m), the process of 

changing the number of fungi is stabilized, which 

allows its further analysis using the method of 

regression analysis. 

Table 1  

Dependence of the number of fungi  

in the soil on the distance to the 110 kV power line 

in different seasons  

No. 

Distance to 

110 kV power 

lines (L, m) 

Number of fungi in the soil in 

different seasons 

Autumn 

(Au) 

Spring 

(Sp) 

Summer 

(Su) 

1 Nearby 

zone 

0 40 65 92 

2 10 51 95 100 

3 20 72 125 126 

4 30 71 111 152 

5 40 37 142 106 

6 50 86 181 169 

7 60 79 150 174 

8 70 70 166 168 

9 80 40 101 122 

10 90 38 70 98 

11 100 40 68 92 

12 150 37 65 95 

13 180 40 66 90 

14 240 40 64 91 

15 Remote 

zone 

300 40 68 90 

16 400 36 64 94 

17 500 32 62 106 

18 600 29 54 110 

19 700 28 52 120 

20 800 29 48 128 

21 900 30 51 120 

22 1000 32 62 110 

23 1100 36 68 105 

24 1200 38 71 92 

25 1300 41 74 86 

 

Method of regression analysis. Using this 

approach, we compile regression equations that 

describe the corresponding process of changing the 

number of fungi in this area of the power line in 

different seasons. The regression functions are limited 

to the second-degree order and for each season are 

shown in Table 2. The same table shows the elasticity 

of the number of fungi for different seasons depending 

on the distance from the power line (argument L) 

obtained by relation (1). 
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Table 2 

Regression equations that describe the change in the number of fungi  

in a remote area in different seasons 

Regression equation Elasticity of the regression equation 

QAu = 64.7719 – 0.0836384L + 0.0000543928L2 
𝐸𝐿(𝑄𝐴𝑢) =

2 ∙ 𝐿 ∙ (27 ∙ 𝐿 − 2.09 ∙ 104)

27 ∙ 𝐿2 − 4.18 ∙ 104 ∙ 𝐿 + 3.238595 ∙ 107
 

 

QSp = 112.041 – 0.139633L + 0.0000931131L2 
𝐸𝐿(𝑄𝑆𝑝) =

2 ∙ 𝐿 ∙ (93 ∙ 𝐿 − 6.98 ∙ 104)

93 ∙ 𝐿2 − 1.396 ∙ 105 ∙ 𝐿 + 1.12041 ∙ 108
 

 

QSu = 35.4046 + 0.252843L – 0.000160017L2  𝐸𝐿(𝑄𝑆𝑢) =
8 ∙ 𝐿 ∙ (𝐿 − 790)

4 ∙ 𝐿2 − 6320 ∙ 𝐿 − 8.85115 ∙ 105
 

 

Based on the data given in Table 3, and in 

accordance with works (Lytvyn, 2006; Vadzynskyi, 

2008), the quality of the obtained regression equations 

should be considered satisfactory.  

 

Table 3 

Estimation of the quality of regression  

equations designed to determine the number  

of fungi in a remote zone 

Equation Size 

Pv 

Adjusted coefficient 

of determination,   % 

Correlation 

coefficient 

QAu 110-4 94.5 0.97 

QSp 110-4 80.9 80.9 

QSu 110-4 88.6 88.6 

Analysis of variance. In general, the change in 

the number of fungi depending on the distance from 

the power line is influenced by two factors, which are 

listed in Table 1: distance from the power line (row 

factor) and season (column factor). Classical analysis 

of variance (Vadzynskyi, 2008) and non-parametric 

analysis of variance (Friedman and Freud criteria) in 

the form described in (Haidyshev, 2015) were used to 

statistically study the significance of the combined 

effect of these factors. 

The results of the classical analysis of 

variance are shown in Table 4, and the results of 

the non-parametric analysis of variance are shown 

in Table 5.

 

Table 4 

Results of analysis of variance of the joint influence of distance from power lines and seasons. 

Source of variation SS df MS F Size PV  Fcritical 

Strings 45871.25 24 1911.302 7.211 3.86901E-09 1.746353 

Columns 60205.15 2 30102.57 113.575092 6.31123E-19 3.190727 

Error 12722.19 48 265.0456    

In general 118798.6 74         

 

Table 5 

Results of non-parametric analysis  

of variance of the influence of distance from power 

lines and seasons. 

Type of 

criterion 

Value of 

the 

criterion 

Size PV Number of 

degrees of 

freedom 

Friedman's 

criterion 

7.211 3.8710-9  48 

Quaid's 

criterion 

49.017 49.01710-

12  

48 

This conclusion can be made using the results 

of (Haidyshev, 2015). In the case where statistical 

criteria are used to test the same hypothesis, the 

conclusion about their consistency is made by the ratio: 

PV = 1–  (1 – Pvi),   i = 1, 2, …, k ,         (3)  

where PV is the final value evaluated by relation (3), 

the value of Pvi  corresponds to this value for each of 

the criteria used. For P values given in Tables 4 and 5, 

it is 

PV = 1 – (1 – 3.8610-9) (1 – 6.3110-19)× 

×(1 – 3.8710-9)(1 – 49.0210-12) < 210-9.  
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Based on the fact that the value of PV<<0.05 for 

all criteria used, the conclusion on the statistical 

significance of the joint influence of seasonal factor 

and the factor of distance from the power line on the 

change in the number of fungi should be considered 

consistent with the experimental results. 

 

Table 6 

Results of cluster analysis of the number  

of fungi in the nearby zone 

Cluster 

index 

Distance to 

110 kV 

power lines 
(L, m) 

Number of fungi in the soil 

in different seasons 

Autumn 

(Au) 

Spring 

(Sp) 

Summer 

(Su) 

1 0 40 65 92 

1 10 51 95 100 

2 20 72 125 126 

2 30 71 111 152 

1 40 37 142 106 

2 50 86 181 169 

2 60 79 150 174 

2 70 70 166 168 

1 80 40 101 122 

1 90 38 70 98 

1 100 40 68 92 

1 150 37 65 95 

1 180 40 66 90 

1 240 40 64 91 

1 300 40 68 90 

 

Cluster analysis. It is known that the change of 

seasons is accompanied by changes in steady weather 

conditions, which actively influence physicochemical 

processes in the soil, including soil biota. Accordingly, 

the electrophysical characteristics of the soil and the 

nature of their interaction with the electromagnetic 

fields of power lines change. Therefore, the grouping 

by the method of cluster analysis of the observations 

presented in (Smyrnova et al., 2019) and performed for 

all considered seasons and located in the near zone at 

equal distances from the power lines was performed. 

To do this, each observation shown in Table 1 and 

performed in the near zone, was considered as a 

multidimensional vector, the coordinates of which 

correspond to the observations made in all considered 

seasons.To perform the cluster analysis, the Ward 

method, described in (Kaplan et al., 2008), was chosen. 

The results of the analysis are shown in Table 6.  

Subsequently, the results were obtained 

concerning the average values of the coordinates of the 

objects included in this cluster. The coordinates of the 

centres of the obtained clusters are given in Table 7. 

From this table, it follows that the obtained clusters 

differ significantly in their average values. Analyzing 

this result, we could not identify the reasons that 

caused such a big difference, and we believe that it 

needs further study.   

 

Table 7 

Coordinates of the centres of the obtained clusters 

Cluster 

index 

Coordinates of observations (seasons) 

Autumn 

(Au) 

Spring 

(Sp) 

Summer 

(Su) 

1 40.3 80.4 97.6 

2 75.6 146.6 157.8 

 

3. Results and Discussion 

 

The activity of catalase enzymes can be one of 

the indicators of degradation processes in the soil 

under the influence of electromagnetic radiation from 

power lines. In [16], data on the activity of catalase 

enzymes in forest soils at different levels of the voltage 

of electromagnetic radiation from power lines are 

presented.  

The activity of enzymes was determined 

independently of three indicators:  

P1 – catalase activity in the soil, сm3 О2 1g/2 міn,  

P2 – catalase activity in plant tissues, сm3 О2 

1g/2 міn,  

P3 – the numerical value of ACRG (catalase 

activity plant – soil). 

The numerical values of these indicators  

are presented in Table 8, compiled according to 

(Shcherbakov, 2013).  

 

Table 8 

Dynamics of tension of adaptation processes in soils at different distances from  

the power lines perpendicular to the centre of sagging wires 

Distance from the 

power line, m 

Indicator P1 Indicator P2 Indicator P3 

area 1 area 2 area 3 area 1 area 2 area 3 area 1 area 2 area 3 

0 3.7 3.2 3.9 15.6 20.9 19.7 4.2 6.53 5.1 

30 5.0 4.8 4.4 11.6 20.9 23.7 2.8 4.2 5.4 

60 4.8 7.3 4.0 15.0 19.9 28.1 3.13 2.72 7.1 

1500 6.4 6.4 6.4 22.8 22.8 22.8 3.56 3.56 3.56 
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For each of these indicators, estimates of the 

combined impact of the distance to the power line (row 

factor) and the area where the measurements were 

performed (column factor) were performed. Two-

factor analysis of variance was performed without 

repetitions. The main parameters of this analysis for Pi 

indicators are presented in Table 9. 

Table 10 presents the results of the statistical 

evaluation to test statistical hypotheses about the 

significance of the influence of experimental 

conditions, i. e. the factor of distance to the power line 

(row factor) and the factor of the area where the values 

of each of the studied indicators (column factor) were 

determined.

 

Table 9 

Results of the analysis of variance of the combined effect on the change of the P factor  

of the distance from the power line and the site factor 

Source of variation SS df MS F Size PV  Fcritical 

Indicator P1 

Strings 12.36917 3 4.123056 4.72707 0.050639139 4.757062664 

Columns 1.14 2 0.57 0.653503 0.553649986 5.14325285 

Error 5.233333 6 0.872222    

In general 18.7425 11         

Indicator P2 

Strings 33.96 3 11.32 0.937539 0.478843482 4.757062664 

Columns 110.915 2 55.458 4.593071 0.061675325 5.14325285 

Error 72.445 6 12.074    

In general 217.32 11         

Indicator P3 

Strings 4.582967 3 1.527656 0.844897 0.517501108 4.757062664 

Columns 7.003817 2 3.501908 1.936792 0.224403311 5.14325285 

Error 10.84858 6 1.808097    

In general 22.43537 11         

 

Table 10 

Testing statistical hypotheses about the significance of the influence of experimental conditions 

Indicator Factor F F critical Pv Statistical significance of the influence of the factor 

P1 
Rows 4.727 4.757 0.050 Not specified 

Columns 0.653 5.143 0.55 Does not affect 

P2 
Rows 0.937 4.757 0.478 Does not affect 

Columns 4.593 5.143 0.061 Not specified 

P3 
Rows 0.844 4.757 0.517 Does not affect 

Columns 1.936 5.143 0.224 Does not affect 

 

The obtained data of the analysis of the 

significance of the influence of the factor on some 

positions are uncertain. That is, we must assume that 

the study should be continued because the above 

observational data do not provide a clear answer to the 

question about the impact or non-impact of the studied 

indicators on the results of the experiment. 

4. Conclusions 
 

During the analysis of the available sources of 

information, it was found that in the scientific 

publications by domestic authors, there is no mention 

of such a factor of land degradation as the action of 

EMF of man-made origin. 
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The use of methods of mathematical modelling 

of the dynamics of the distribution of microorganisms 

or other soil components in the irradiation zone of 

power lines can be the basis for biomonitoring in the 

system of technology for the protection of agricultural 

land from electromagnetic pollution. 

The paper presents statistical models designed 

to assess the impact of electromagnetic fields on 

agricultural land pollution and appropriate biomonitoring, 

namely: models of the dependence of the number of 

fungi in the soil on the distance to power lines – 110 

kV in different seasons, the dynamics of the intensity 

of adaptation processes in soils at different distances 

from power lines. 

The methods of regression, variance, and cluster 

analysis were used in the development of models, 

and the corresponding elasticity functions were 

constructed. It is shown that the application of modern 

data processing methods allows obtaining additional 

information even from the already published results of 

the work performed by various researchers.  

In the future, the results of this work can be 

used to build a biomonitoring system based on the 

processing of existing bioindication data. The 

presented algorithm and the obtained functional 

dependencies can serve as an example for conducting 

similar studies of the influence of other static factors 

on land pollution. 
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