
Monitoring’2021   

 

 
XV International Scientific Conference “Monitoring of Geological Processes 

and Ecological Condition of the Environment” 

17–19 November 2021, Kyiv, Ukraine 

 

Mon-21-100  

Urban soil pollution in Kyiv determined from magnetic and 
geochemical studies 

*I. Tsiupa (Taras Schevchenko National University of Kyiv), K. Bondar (Taras Schevchenko 
National University of Kyiv), O. Kozionova (Taras Schevchenko National University of Kyiv) 

SUMMARY 

The paper presents the results of integrated magnetic and geochemical studies of the topsoil 

from the city of Kyiv in order to assess pollution with heavy metals.  

The optimal geochemical soil testing network based on the detailed magnetic susceptibility 

map of the topsoil is considered. 

A positive correlation between magnetic susceptibility and the content of certain chemical 

elements in urban soils as well as Pollution Load Index (PLI) has been demonstrated. 
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Introduction. Magnetic method is often used to assess anthropogenic pollution of the top soil in large 
cities. It is known that man-made magnetic particles, in particular, magnetite, maghemite and metallic 
iron are transported by industrial emissions to air basin. In addition to iron, magnetic particles usually 
contain heavy metals (Zn, Pb, Cd, Cu, etc.). The size of these particles is 1…100 μm (Blaha et al., 
2008; Сао et al., 2015; Bondar et al., 2015; 2017; Tsiupa et al., 2017). Being settled on the earth 
surface, they pollute topsoil. 

Method. 810 topsoil samples were taken all over the city of Kyiv (Ukraine). Volume magnetic 
susceptibility k was measured with the Bartington MS2B dual frequency meter (klf at 0.47 and khf at 
4.7 kHz) with a measuring accuracy of 10-5 SI.  The mass specific magnetic susceptibility χ was 
calculated using the dry weight of the sample. Frequency dependence of magnetic susceptibility 
(kfd%) defined as kfd(%)=(klf-khf)/klf ͯ100%. kfd was used as a proxy of relative proportion of the 
superparamagnetic fraction in the total magnetic susceptibility signal. 

For selected samples the concentrations of 22 chemical elements, including heavy metals (HM) was 
measured on STE-1 spectrograph. The gross content of chemical elements in polluted urban soils was 
compared with background values. 

Maps of the spatial distribution of individual heavy metals and magnetic susceptibility in the topsoil 
of Kyiv, were composed using the methods of mathematical statistics by means of GIS. 

Magnetic results. Magnetic susceptibility of the topsoil varies from 1.4 to 5167 *10-8 m3/kg (with a 
median value of 39.35*10-8 m3 / kg), the statistical distribution of χ is close to lognormal, which 
indicates the presence of man-made magnetic particles and the ability of magnetic minerals to create high 
concentrations. The frequency dependence of the magnetic susceptibility varies from 0.02% to 11.23% 
(with a median value of 2.76%). 

Based on the results of determining the magnetic susceptibility χ of the surface layer of soils of the city 
of Kyiv, maps were constructed and zones of magnetic contamination were identified. When 
constructing a map of magnetic susceptibility, the values are divided into groups (strata) multiples of 
the background value χ of soils. Stratometric sampling was used for geochemical study of the samples 
due to the reduction in the volume of determinations and the obtaining of a representative sample of 
values. The division into strata (groups) is made a multiple of the background value of the magnetic 
susceptibility χ. Map of χ of the topsoil reflects saturation with magnetic minerals of man-made origin, 
which get there by the atmosphere (Fig. 1).  

High χ values (280-521*10-8 m3/kg) are observed in the central part of the city, around the powerplant 
210*10-8 m3/ kg), at the industrial zone "Nyvky", Darnytskyi industrial complex and along highways. 
Moderate χ values (10-35*10-8 m3/ kg) are observed on the outskirts of the city, forest parks and residential 
areas. 

The close relationship between χ with kfd (r = -0.55) indicates the predominance of man-made 
processes in the accumulation of iron oxides in the city topsoil.  

Sampling for geochemical analysis. As shown in (Halm et al., 2003; Cao et al., 2015; Yang et al., 
2012; Blaha et al., 2008), detailed maps of magnetic susceptibility allow the targeted selection of the 
optimal number of samples for reliable evaluation of contamination of soils with heavy metals. Such an 
approach allows to reduce cost and time of the research and identify all the basic patterns of pollution 
distribution in the city topsoil.  

The selection criteria are as follows: 1. The sampling points should evenly cover the territory. 2. 
Sampling points must cover all areas with abnormally high values, areas of transition to background 
and areas of background values of magnetic susceptibility. 
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Figure 1 Map of magnetic soil pollution in Kyiv. 

Heavy metals content and correlation with χ. Gross content of Ni, Cu, Zn, Pb in city soils appeared to 
show 10-16 times higher values comparing to background chernozem. Content of Cr, Sc and Sn is 3-4 
times higher. These elements comprise main pollutants of the city environment. 

The presence of a statistical relationship is considered proven if the Pearson correlation coefficient (r) 
between two data sets exceeds the critical value for the selected level of significance p. Data samples 
contain 106 pairs of values, so at p <0.01 the critical value of r is 0.256. The critical value is exceeded 
by the correlation coefficients between χ and Ni (0.348), Sn (0.39), Pb (0.37), Cu (0.37), Zn (0.33) at 
a significance level of p = 0.01. These elements were used in calculation of PLI. 

Pollution Load Index. To determine the cumulative effect of soil pollutants, the Pollution load index 
(PLI) was calculated (Fig.2). The content of elements: Ni, Sn, Pb, Cu, Zn was used to calculate the 
PLI. 

The Pollution Load Index is calculated as the geometric mean of the concentration coefficients n of 

metals, where the Kс of the i-th metal is the concentration coefficient of the chemical element relative 

to its background content (Tomlinson et al., 1980): 
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PLI = 5√Кс (Ni) * Кс (Sn) * Кс (Pb) * Кс (Cu) * Кс (Zn). 

 

Figure 2 Map of geochemical soil pollution in the city of Kyiv by pollution Load Index (PLI). 

The accumulation rate of PLI contamination shows how many times the concentration of pollutants in 
the soil exceeds the background. According to the standards of HM soil contamination assessments 
(Korobkin et al., 2003; Valkov et al., 2004) an ecological situation can be considered successful, when 
the content of elements relative to the regional background of the bulk form in soils is 1-2; 
satisfactory - 2-4; pre-crisis 4-5; crisis 5-6; catastrophic> 6. 

The correlation coefficient between χ and PLI is r = 0.437 (significance level p <0.01), which 
indicates the statistical significance of the results. 

Most of the city is moderately polluted. 60% of the points fall into a satisfactory environmental 
situation with values of 1 <PLI<3, for these selection points are characterized by values of χ more 
than 100*10-8 m3/kg and exceeding the values of heavy metals to 2-4 background values.  

21% of sampling points belong to the crisis ecological situation (3 <PLI<6.15), all of them are 
characterized by values of χ more than 400*10-8 m3/kg and a significant excess of the background 
value of HM (Ni, Sn, Zn, Pb, Cu) in 3-15 times. Local areas of pollution are due to the location of a 
number of industrial facilities. Pollution zones are confined to the enterprises of electric power, 
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metalworking and mechanical engineering. The most polluted areas were found in the north-western 
part of the city (Sviatoshynskyi district (industrial areas Nyvky), part of Podilskyi and Obolonskyi 
districts (Podilsko-Kurenivska industrial zone), the eastern part of Kyiv, the southern part (Darnytskyi 
industrial area), and in Desnianskyi district near Thermal Power Plant - 6.  

Only 9% of PLI samples can be attributed to uncontaminated areas, which are characterized by low 
values of χ up to 60*10-8 m3 /kg, and HM, respectively, background values. Clean unpolluted areas are 
observed in the northern part of the city (Pushcha Voditsa). 

Conclusions 

The magnetic methods used to study the soil cover have shown high efficiency in the study of 
anthropogenic pollution of urban areas.  

A positive correlation was established between the magnetic susceptibility of Kyiv soils and the 
content of Ni, Sn, Pb, Cu and Zn as well as the PLI contamination accumulation index.  
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