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Abstract: Ordinary chernozems in the Azov Plain have a low background 

content of mobile zinc compounds, a sufficient supply with copper and an 

increased content of lead compounds. This specificity of the regional 

microelement composition is due to the high carbonate content in the soil 

profiles, the natural enrichment of littoral geochemical landscapes and the 

effect of the significant sources of microelement emission (Mariupol 

metallurgical enterprises, Novocherkassk regional power station, etc.). 

The high buffer capacity of soils in the Azov region significantly 

mitigates the negative effects of pollution. 
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Introduction 

Soil is the main source of trace elements for plants 

both as micronutrients and pollutants. The origin of trace 

elements influences their behavior in soils and therefore 

controls to some extent their bioavailability. The 

distribution and speciation of the trace elements of 

anthropogenic origin are affected as a result of various 

pedogenic processes, among which the fixation by clay 

minerals and binding/complexing by Soil Organic Matter 

(SOM) play a crucial role (Kabata-Pendias, 2004). 

The microelement composition of ordinary 

chernozems was developed under the nonpercolative 

water conditions with weakened leaching and enhanced 

biogenic accumulation. This was favored by the 

shallow occurrence of carbonates (near the surface or 

within the upper humus horizon) in the soil profile, 

which decreases the supply of the soil with mobile 

microelements. The distribution of elements in the 

ordinary chernozem is related to the homogeneous 

particle size distribution in its profile; therefore, the 

total microelement composition relatively little 

changes and the accumulation maximums are confined 

to the humus-accumulative and calcareous horizons 

(Satrio et al., 2009; Alshaebi  et al., 2009). 

The soil-climatic conditions in the Azov-Low Don 

region favor the development of vegeculture, horticulture 

and viticulture (Minkina et al., 2010) and the near 

coastal markets ensure the increased economic 

attractiveness of these agrarian branches. However, the 

saturation of the region with industrial objects 

significantly affected the microelement composition of the 

soil and plant cover and created ecological and 

toxicological risks (Heryati  et al., 2011; Minkina et al., 

2012). There are a large number of sites worldwide polluted 

with trace elements as a result of human activities. By the 

volume of industrial emissions, Mariupol (Ukrain) (330-

380 thousand t) and Novocherkassk (Russia) (90-110 

thousand t) are among the most significant pollution 

sources not only for the Azov region, but also for the 

entire Ukraine and Russia. 

The degree of soil contamination is determined by 

the distance from the sources of pollutant emissions, the 

prevailing wind diagram and the soils properties 

including such as organic matter, oxides as well as soil 

structure and profile development (Kabata-Pendias, 2004; 

Mehes-Smith et al., 2013; Minkina et al., 2012; 2013). 

Due to the high adsorption capacity and weakly alkaline 

reaction, the chernozems of the Azov and Low Don 

regions are characterized by the increased resistance to 

technogenic pollution and are capable to retain significant 

amounts of microelements (Satrio et al., 2009).  

The aim of the work was to determine the contents of 

anthropogenically caused microelements in the 
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chernozems of the Azov and Low Don regions for the 

objective assessment of the pollution areas and the 

prediction of their potential expansion.  

Materials and Methods 

The studies covered the affected zones near the 
Novocherkassk Power Station (NPS) in Rostov region 
(Russia), “Azovstal” metallurgical enterprises and 
“Markokhim” coking enterprises (Mariupol, Ukrain) and 
“Azovkabel” power cable manufacturer, “AZMOL” 
lubricant manufacturer (Berdyansk, Ukrain) (Fig. 1).  

The objects of study were Ordinary or Calcic 

Chernozems, ID 14-2 (FAO, 1988), prevail in the soil cover 

of the sloping Azov Plain spread from the Donetsk Range 

to the Azov Sea and the lower course of the Don River. The 

parent rocks of these soils predominantly consist of 

carbonate loess-like clays and loams, 6 to 50 m thick, of 

glaciofluvial, alluvial and alluvial-deluvial origin containing 

4 to 17% CaCO3. These soils have silty clay loamy and 

sandy clay textures (50-66% physical clay, 28-41% clay). 

The content of humus in the upper horizon is 3.8-4.7%; the 

actual acidity varies from pH 7.2 to pH 8.0. They were also 

characterized by low a Cation Exchange Capacity (CEC), 

namely, 10 mmol (+)/100 g soil. 

To obtain representative data, soil samples were 

taken from the test plots no less than 2500 m
2
 in area in 

accordance with the prevailing wind direction. Areas 

with similar topographies and soil covers not subjected 

to agrotechnical operations during the past 10-15 years 

were selected as sampling sites. All sampling sites were 

located no closer than 100 m to buildings and roads. A 

composite sample of 600 g was formed from three 200-g 

point samples taken from each soil horizon. The 

procedures of sampling and sample preparation to 

analysis were performed according to the standards 

methods (GOST 17.4.3.01-83; GOST 17.4.4.02-84). 

The mobile compounds of HM were analyzed by using 

the 1 N ammonium acetate buffer (NH4Ac) pH 4.8 (soil: 

solution ratio 1: 10, extraction time 18 h) (Minkina et al., 

2008). Their concentrations in the extracts were 

determined with Atomic Absorption Spectrophotometry 

(AAS). The allowed deviation AAS methods for 

elements determination in soil is not more than 10-15%. 

Analytical quality of measurements was controlled by 

analyzing reference standard soil sample "Chernozem" 

№ 29107. Duplicates and reagent blanks were also used 

as a part of the quality control. 

The results of chemical analysis correspond to the 

mean of three replicates. Descriptive data analysis, 

comprising minimum value, mean value, maximum 

value and standard deviation, was carried out with 

EXCEL 2010. Data mean were calculated using 

Microsoft EXCEL. Statistical significance of the 

differences among means was determined by Fisher LSD 

test. Differences were considered not significant at 

values of p>0.05. 

 

 
 

Fig. 1. Map of the Azov and Low Don regions showing areas of sampling 
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Results  

Mobile microelements concentrations in soil and 
horizons near Mariupol and Berdyansk (Ukrain) are 
summarized in Table 1 and Fig. 2. 

The urban background of mobile microelements in 

Mariupol was two-three-fold above the background of 

most typical soils. The urbanized background in 

Berdyansk was lower than in Mariupol for the mobile 

forms of most microelements and slightly higher for Zn 

and Pb. However, the high concentration coefficients of 

Zn are related to its low natural content in soils, such that 

even the six-fold excess can be considered as 

physiologically favorable and not hazardous. 

The direct effect of the NPS is traced to a distance of 
25 km along the wind rose and the smoke plume is 
clearly traced to the city of Khar’kov (Ukrain). The bulk 
of pollutants settle within 5 km from the pollution source 
along the general direction. A gradual decrease in the 
content of microelements was then observed, down to 
the near-background level on the most remote areas. 

In the polluted soils, the portion of the metal mobile 
form increases appreciably. In the soils of the plots 
located at short distances from the NPS, the portions of 
mobile Cu, Pb and Zn compounds increase by 2.7, 2.5 
and 3.8 times, respectively (Table 2). The occurring 
changes are mainly directed toward an increase in the 
portion of more mobile metal compounds with 
increasing the long-term accumulation of metals.  

 

 
 

Fig. 2. Distribution of mobile Zn, Cu and Pb forms in the profile of ordinary chernozem (Berdyansk region) 
 
Table 1. Background contents of mobile microelements in the suburban zone, ppm 

Statistical parameters Zn Cd Ni Co Fe Mn Pb Cu 

Mariupol 
Minimum 0.55 0.15 1.55 0.90 1.50 3.70 1.25 0.30 
Maximum 1.25 0.25 2.30 1.70 3.00 18.0 3.12 0.48 
Mean 0.83 0.19 1.88 1.33 2.39 8.72 2.11 0.38 
Standard deviation 0.07 0.01 0.08 0.08 0.13 1.37 0.23 0.02 
Berdyansk 
Minimum 0.45 0.08 0.25 0.35 2.00 6.75 0.25 0.25 
Maximum 1.58 0.25 2.30 2.15 4.00 23.0 3.88 0.95 
Mean 0.80 0.19 1.08 1.40 2.66 12.6 1.62 0.51 
Standard deviation 0.11 0.02 0.19 0.20 0.18 1.87 0.47 0.07 

 
Table 2. Contents of the metal mobile forms in the soil at different distances from the Novocherkassk power station (North-Western 

direction), ppm 

Distance from the NPS (km) Zn Cu Pb 
1.2 25.0 3.5 6.4 
1.6 16.5 4.7 6.7 
2.0 13.0 4.0 4.7 
5.0 14.0 3.2 3.0 
15.0 2.1 1.0 1.0 
20.0 1.4 0.7 3.1 
LSD0.05 2.7 0.2 0.7 
MPC (TsINAO, 1992) 23.0 3.0 6.0 
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Discussion 

Because of the natural and agrogenic variability of 

microelements in the soils, their pollution is usually 

identified at shorter distances and significantly depends 

on the height of emission tubes, especially for Pb. A 

regional feature of ordinary chernozems is the high 

content of microelements due to the enrichment of the 

parent rocks and the low mobility the elements restricted 

by the presence of carbonates in the soils. This is 

primarily true for such an essential microelement as Zn. 

The content of exchangeable and mobile Zn compounds 

in the plow layer of chernozems is of 0.1–0.6 mg kg
−1

 (in 

gardens and vineyards, to 1-2 mg kg
−1

) and does not 

change significantly with time (Minkina et al., 2010; 

Fateev and Pashchenko, 2003; AL-Rajhi, 2014).  

The background content of Cu in the regional soils of 

different geochemical landscapes varies from 21 to 60 

mg kg
−1

. This content of the metal is within the normal 

regulation of plant and animal functions (Fateev and 

Pashchenko, 2003; Minkina et al., 2013). These values 

are close to the background content of Cu in 

chernozems, which varies from 21 to 30 mg kg
−1

 

(according to different data) and its clarke value for soils 

(20 mg kg
−1

) but exceed the regional estimates for the 

element content obtained more than 37-45 years ago 

(Minkina et al., 2012). The content of the Cu mobile 

form does not exceed 2% of its total content (Table 1). 

Under the vineyards, the content of the mobile metal in 

the soils abruptly increases to 13 mg kg
−1

, which is due to 

the application of copper-containing fungicides. A clear 

tendency of increasing the copper content in the upper 

humus-accumulative horizon is observed throughout the 

soil profile, which is related to the close affinity of this 

biophilic element to soil organic matter (Fig. 1).  

The content of lead in ordinary chernozems of the 

studied region varies within the range from 8 to 78 mg 

kg
−1

, the mean value being 21-22 mg kg
−1

, which 

exceeds the clarke value (10 mg kg
−1

) and the 

background content of the element (12 mg kg
−1

) for the 

chernozems of the former USSR. The observed excess 

lead content in the recent soils can be due to the 

anthropogenic factors: the variation range of lead content in 

chernozems was 3.7-23.7 mg kg
−1

 in 1957 (Minkina et al., 

2010). However, this also can be a regional feature related 

to the natural enrichment of coastal landscapes, because 

even at a significant distance (more than 20 km) from the 

pollution sources in Berdyansk and Mariupol (Ukrain), the 

total content of lead was 30-40 mg kg
−1

 soil and that of its 

mobile forms reached 3-4 mg kg
−1

 soil (Table 1). The 

percentage of exchangeable lead in the background 

chernozems is 1.4–5% of its total content, which 

significantly exceeds the relative contents of 

exchangeable Cu and Zn forms (<1%). The size of the 

Pb
2+

 ion is closest to that of the Ca
2+

 ion (the ionic 

radiuses are 1.3-1.2 for Pb
2+

 and 1.2-1.1 for Ca
2+

); 

therefore, their contents in the exchangeable form exceed 

those of the other metals under study. The local abrupt 

increases in the contents of mobile lead forms are noted 

within rice-growing farms in the close vicinity of 

highways and industrial objects. 

Conclusion 

Ordinary chernozems in the Azov Plain and the Low 

Don region have the low background contents of mobile 

zinc compounds, the sufficient supply of copper and the 

increased content of lead compounds. This regional 

specificity of microelement composition is related to the 

high carbonate content in the soil profile, the natural 

enrichment of the coastal geochemical landscapes and 

the technogenic emission of microelements. 

The common urbanized background was established 

due to the accumulation of biophilic elements was revealed. 

Our studies revealed a clear confinement of soil cover 

pollution to the industrial areas of the above-mentioned 

enterprises and the overlapping of the technogenic 

dispersion areas from different emission sources.  

The effect of the most important sources of pollutions 

(Mariupol metallurgical enterprises, Novocherkassk 

regional power station) on the microelement composition 

of the soil was clearly traced to distances of 20-25 km. 

Two-three-fold excess over the background level is 

typical for the 5 km zone around the emission sources. 
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