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SUMMARY           

We analyzed heavy metals content and magnetic susceptibility (χ) of urban soils sampled in 
Chernivtsi city (Ukraine). 

Χ vary from 10*10-8 to 1286*10-8 m3/kg with a median value of 66*10-8 m3/kg. In 20 % of 
samples χ exceeds the median value three times or more, indicating that the soil is 
contaminated with iron dust and magnetic particulate matter derived from anthropogenic 
aerosols.  

It was found that the priority pollutants of urban soils are Pb and Zn, the content of which 
exceeds the critical concentrations in the vast majority of samples. 

The maps were composed, showing spatial distribution of χ and Pollution Load Index (PLI), 
calculated by three metals (Zn, Pb, and Cu).  

For 51 % of the samples, the PLI value indicates no contamination, for 35 % – moderate 
contamination level, 14 % – very strong soil contamination. 
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Introduction 
 
The increase of anthropogenic emissions to the atmosphere contributes to long-term pollution of 

urban soil, which is an important system-forming component of urban environment. Estimation of the 
negative impact of anthropogenic soil pollution in urban areas is an urgent task for today. Among the 
most harmful to the environment and human health is soil contamination with heavy metals (Guthrie, 
1995; Xie et al., 1997; Hanesch and Scholger, 2002, Muxworthy et al., 2002; Sukhorada et al., 2004, 
Jelenska et al., 2004). 

Magnetic susceptibility (χ) could serve a proxy for anthropogenic loading on the topsoil in urban 
areas. χ is a measure of concentration of magnetic minerals in the soil. The increase of χ found in the 
urban soils, is caused by particulate matter of a size of <10 μm (PM10) emitted into the air by vehicles 
and industrial enterprises. Solid aerosol magnetic particles adsorb heavy metals on their surface 
(Vodyanitskiy, Dobrovolskiy, 1998; Spassov et al., 2000; Matasova et al., 2001;, Sukhorada et al., 
2005). 

 
Methods 
 
Soils were sampled in accordance with the procedure described in requirements (Regional report, 

2017) in the framework of long-term control of heavy metal pollution carried out by the Central 
Emergency Service of Ukraine. In the city of Chernivtsi, 55 soil samples were collected at the areas 
adjacent to Khotynska and Holovna streets, which run through the entire city and capture the part of the 
industrial facilities. 
 

Concentrations of heavy metals (Cd, Mn, Cu, Ni, Pb, Zn) in the soil samples were determined using 
method of atomic emission (STE-1 spectrograph, laboratory of the Central Geophysical Observatory) 
and atomic absorption spectral analysis (atomic absorption spectrophotometer C-115, Yuri Fedkovych 
Chernivtsi National University). 

Magnetic susceptibility was measured on soil samples using Bartington MS2 susceptibility meter 
with MS2B Dual Frequency Sensor at two frequencies of 470 Hz (kLF) and 4700 Hz (kНF). 

Frequency dependence of magnetic susceptibility (kfd) was calculated as  
kfd= (kLF – kHF)/ kLF *100% . 

 
Results and discussion 
Due to the neutral pH of urban soils, it can be expected that heavy metals are involved in relatively 

stable compounds with low migration ability, which can be stored in the soil for a long time (Bondar et 
al., 2020). 

 
The content of heavy metals (Cd, Mn, Cu, Ni, Pb, Zn). Heavy metals mainly accumulate in the 

upper humus horizon. In general, the depth of penetration of heavy metals into the topsoil does not 
exceed 20 cm. Among studied metals, zinc (0–25 cm) is characterized by the highest migration ability. 
Lead most often accumulates in the upper surface layer of soil (0–2.5 cm). According to the World 
Health Organization, the most dangerous heavy metals out of the six studied are cadmium, zinc and 
lead. These metals belong to the first class of danger. The second class of danger includes copper and 
nickel, and the third – manganese. 

 
Most samples from the city of Chernivtsi are characterized by a significant overriding of 

concentrations of highly toxic substances – lead and zinc, compared to their maximal permissible 
concentrations in soils (MPCPb = 32 mg / kg, MPCZn = 100 mg / kg). Thus, in 36 % of  samples lead 
content did not exceed the MPC, in 27% of samples - slightly exceeded, in 49 % – a significant 
increasing of lead concentration observed. A similar behavoir was observed for Zinc, its concentration 
only in 10 samples laid within the normal range, for the rest - greatly overrided the MPC (Fig. 1).  
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Positive correlation between the concentrations of lead and zinc was found in samples with a very 

high concentration of these metals. 
 

It was shown that, in general, the soils of the industrial zone of Chernivtsi are not contaminated with 
cadmium. Only 7 % of the studied samples showed cadmium concentrations above the MPC. Only 2% 
of them, in turn, were significantly higher than the cadmium MPC. 

 
Cd Zn Pb 

Maximal permissible 
concentration 1 mg/kg 

Maximal permissible 
concentration 100 mg/kg 

Maximal permissible 
concentration 32 mg/kg 

   
 

Figure 1 The heavy metals content in soil samples of the city of Chernivtsi  
 

Sample №15, taken at 11 Zavodska Street near the Chernivtsi-Pivnichna railway station, has shown 
maximal values. The content (C ) of the studied metals in it (except of zinc) significantly override the 
MPC. Thus, for C (Cd) = 2.5 MPC, C (Mn) = 0.48 MPC; C (Cu) = 5.53 MPC; C (Ni) = 1.13 MPC; C 
(Pb) = 30.84 MPC; C (Zn) = 7.87 MPC. 

 
Magnetic properties. The magnetic susceptibility of urban soils varies from 10×10-8 to 1286×10-8 

m3/kg with a median value of 66×10-m3/kg. High values of χ were measured near enterprises and 
railway depots and stations. 

The average value of kfd for the samples taken in the industrial zone of Chernivtsi was 5.5 %, the 
median was 5.3 %. Moreover, for 24 samples kfd  varied in the range of 0.0–5.0 %, for 20 samples in the 
range of 5.0–8.0 % and for 11–  exceeded 8.0 %. 

Analyzing the correlations of χ with lead and zinc, we can contend that the increase in the 
concentration of Pb, Zn and Cu is accompanied by an increase in concentration of magnetic minerals in 
the multidomain state. 

 
Calculation of Pollution Load Index (PLI) 
The territory of sampling is dominated by meadow soils on deluvial and alluvial deposits (Soil Map 

of Ukraine, n.r.; Soils of Ukraine, n.r.), which has natural background contents of Pb – 61 mg / kg, Zn – 
124 mg / kg, Cu – 31 mg / kg (Fateev, 2003). 

Background concentrations are often used for estimation of the contamination of certain areas with 
toxic compounds near the MPC. Comparing the background concentrations of heavy metals with the 
MPC, we note that the background zinc content is close to the MPC, and the background lead content is 
twice the MPC (!).This indicates the imperfection of environmental assessments of soils based on MPC. 
Without going into the question of the need to revise the maximum concentration limits of heavy metals 
in soils, we note only that modern European national standards are based on background concentrations 
of elements in the soil (Rubezhniak, 2018). The most widely used for urban areas is the Pollution Load 
Index (PLI) proposed by Tomlinson (Tomlinson et al., 1980). 
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In this work three metals – zinc, lead, and copper were used for PLI calculations. 
The correlation coefficient of PLI with χ is 0.88. According to our results, the average value of PLI is 

2.7, and the median is 0.97. For 51 % of the samples, the PLI values were less than one, indicating the 
absence of contamination, for 35 % – was in the range 1.0–3.0, for 11 % PLI was 3.0-6.0 and only for 
3.6 % exceeded 6.0 (PLI values of 14 and 10 revealed heavily contaminated soils). 

Based on the obtained results, we composed a map of PLI distribution (Fig. 2). The map shows that 
the soils of railway areas are the most contaminated with heavy metals and require some measures to 
reduce their toxicity. 
 

 
Figure 2 Schematic map of the Pollution load index of Chernivtsi 

 
Conclusions 
 
The priority soil contaminants in the city of Chernivtsi are Pb and Zn, the content of which override 

the maximal permissible concentration in the vast majority of samples. 
The current distribution of heavy metals in urban soils of Chernivtsi is the result of long-term 

activity of chemical industry and the immediate vicinity of polluted areas with the railway and busy city 
highways. In addition, the industrial zone in which the vast majority of samples were taken is located in 
the Prut River valley, hypsometrically below the main part of the city. This may also be the reason for 
increase of heavy metals content. 
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The obtained data indicate the necessity for time monitoring of anthropogenic pollution of surface 
sediments in the city of Chernivtsi. The pollution load index, calculated by Zinc, Lead and Copper, 
showed strong positive correlation with magnetic susceptibility. Therefore, it is possible to use the 
magnetic method to expressly assess the pollution of the territories with these three elements. Their 
contents correspond to variations in magnetic fraction that accumulates in the surface sediments of the 
city. Airborne magnetite contains both adsorbed and structurally bound heavy metals ions, and is the 
main source of anthropogenic soil pollution. 
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