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Introduction

The contamination of the environment with toxic substances, including heavy 
metals, is one of the most serious ecological problems nowadays. The main 
sources of environmental pollution in industrialized cities are transport and 
industry. The road traffic complex is one of the most important components 
of the Russian economy; however, it has a negative impact on urban soils. An 
integrated approach to the study of all kinds of pollution is essential, as well 
as taking into account the degree to which various pollution sources influence 
functioning of natural and anthropogenic landscapes.

Material and methods

The soil sampling was carried out at six points: three in the area of 
Kashirskoye Shosse (Highway), as control points (background soils) we used 
one plot of sod podzolic soil on the territory of the Losiny Ostrov National 
Park in Moscow and one plot in s. Dumchino in Orel region, where we used 
gray forest soils, typical of this area, with different levels of exposure to the 
human activity.

The main sources of soil contamination in a city are industrial enterprises, 
around which areas of air and soil pollution are formed, as almost all types of 
industries are characterized by high atmospheric emissions of gases – carbon 
monoxide, nitrogen dioxide and suspended particulate matter. Also territories 
adjacent to major transport facilities are heavily polluted.

Results and discussion

The content of heavy metals in soils of cities and other settlements is higher 
than in arable soils. The lowest levels of total coefficient of chemical pollution 
(Zc) for heavy metals are registered in the territory of natural landscapes 
(Zc = 4), in urban areas it is 11.2 (V.I. Savich and others, 2012).

A considerable amount of heavy metals (Cd, Cu, Zn, Pb) comes from 
vehicles. Water-soluble forms of heavy metals come with rainwater, in solid 
aerosols heavy metals are in the form of different chemical compounds – 
sulfates of Zn, Pb, oxides of Zn, Pb, Cd, sulfides of Cu, Zn, Pb, Fe.

Heavy metals penetrate soil in the form of water and air migrants, and 
brought by waste.

To assess the nature of the heavy metal accumulation in urban soils, 
test sites were laid – plots located at different distances from the pollution 

source – emissions from vehicles on Kashirskoye Shosse (Highway) in Moscow, 
with sampling the soil in a layer of 0–20 cm. In the examined samples we 
measured the total content of heavy metals Cd, Cu, Cr, Ni, Pb, Zn and the 
amount of their mobile forms (Table 1).

The content of heavy metals in the urban soils, exposed to anthropogenic 
influence, is higher than in the soils of the background territory. The total 
content of cadmium near the highway was 1.7 times higher than the content 
of cadmium in the background soil. The copper content was 2.2 times higher 
than the amount of copper in the park area. It was established that the total 
content of almost all the metals under study in the urban soils exceeded their 
total amount in the background soils, for example, the content of chromium 
was 4.2 times higher, of zinc – 2.2 times, of nickel – 1.64 times, and the 
amount of lead was equal to the total content of lead in the background soil. 
Since the concentration coefficient reflects the intensity of the contamination, 
the pollution level of these urban soils is assessed as weak for cadmium, 
copper, zinc, and as medium for chromium (Table 2).

At a distance of 50 meters from the highway, the natural decrease in 
total amounts of all the examined heavy metals was registered. The total 
content of cadmium decreased by 13.04% compared to the content of 
cadmium in close proximity to the highway, but it was still 1.43 times higher 
than the concentration of cadmium in the background soils. The total content 
of copper decreased by almost 65.5% compared to the amount of copper in 
the urban soil near the highway and by 25% in comparison with the total 
content of copper in the background soil. The content of chromium, nickel, 
lead and zinc in comparison with the total amount of these metals in the 
urban soil near the highway decreased, respectively, by 32.76%, 54.07%, 
68.69%, and 66.45%. If we compare the total amount of chromium, nickel, 
lead and zinc to their content in the background soil, it may be noted that the 
total content of these metals in the urban soil is higher than the amount of 
the specified heavy metals in the background soil only regarding chromium 
and nickel by 1.92 times and 1.11 times, respectively. The total content of zinc 
and lead was 0.32 times and 0.74 times lower than the total amount of these 
metals in the background soil.

The correlation between the distance from the source of pollution 
and the total content of heavy metals is inconsistent and ambiguous. It was 
established that the amount of all the examined heavy metals was higher 
compared to the background soil, almost by 1.79 times for cadmium, by 
2.59 times for copper, by 2.66 times for chromium, by 1.5 times for nickel, 
by 2.38 times for zinc, and only the total amount of lead was higher than the 
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content of this element in the background soil by 1.1 times. However, if we 
compare the total content of heavy metals in the urban soil in close proximity 
to the highway and the urban soil at a distance of 300 m from the highway, it 
becomes evident that the changes in the heavy metal content do not follow 
a set pattern. Thus, in the urban soil more distant from the highway there is 
an increase in total amounts of cadmium by 8.7%, copper by 19.74%, lead 
by 1.01%, and zinc by 7.6%. The content of nickel, chromium in the urban 
soil farther away from the highway decreased in comparison with the total 
content of these metals in the urban soil near the pollution source by 8.62% 
and 36.4%, respectively.

The obtained results are confirmed by the total coefficient of pollution; 
its value dropped to 4.27 in the urban soil at a distance of 50 m from the 
highway, and then increased to 6.98 in the urban soil most distant from the 
highway.

The change in the total content of heavy metals in urban soils located at 
different distances from the source of pollution – the highway is caused by the 
peculiarities of pollutant penetration through aeration and vehicle emissions, 
the state of the soil-absorbing complex, the organic matter content, changes 

in the pH of the soil and its grain size distribution, primarily the content of 
physical clay particles.

In order to give an objective assessment of the influence of traffic 
on the soil pollution with heavy metals, we conducted research into the 
accumulation intensity of the total contents of heavy metals and their mobile 
forms in light gray forest soils at different distances from the slag heap.

The total content of the investigated heavy metals decreased on 
the test sites located farther away from the slag heap. At a distance of 
20 meters from the slag heap the quantitative content of heavy metals in 
the anthropogenically disturbed soil layer 0–20 cm changed, for example, 
the total amount of lead was higher than the amount of this metal in the 
humus layer of the soil at a distance of 300 meters from the slag heap, by 
15.13%.The total content of cadmium in the soils in close proximity to 
the slag heap increased by 21.88% compared with its content in the soils 
located at a  greater distance from the heap. The total amount of metals 
such as copper, zinc and nickel in the soil near the slag heap was higher 
than the content of these metals in the soil at a distance of 300 m by 1.3; 
1.25; 1.53 times, respectively. The total content of chromium in the test soil 

Table 1	 The content of heavy metals in urban soils (0–20 cm) in mg/kg
Distance Elements

Cd Сu Сr Ni Рb Zn

Kashirskoye Shosse (Highway)

The total content

5 m 2.3 19.25 20.9 17.4 19.8 76.3 7.85

50 m 2.0 6.65 9.6 11.7 6.2 25.6 4.27

300 m 2.5 23.05 13.3 15.9 20.6 82.1 6.98

Mobile forms

5 m 1.3 1.2 1.1 1.3 1.8 15.7 4.55

% of the total content 56.5 6.23 5.26 7.47 9.09 29.58

50 m 1.0 0.30 0.90 0.60 0.9 7.6 2.80

% of the total content 50.0 4.51 9.38 5.13 14.52 29.69

300 m 1.5 1.5 1.2 1.5 2.1 19.6 5.06

% of the total content 60.0 6.51 9.02 9.43 10.19 23.87

Losiny Ostrov, Moscow

The total content

Background soils 1.4 8.90 5.0 10.60 19.50 34.50

Mobile forms

0.70 1.00 0.84 1.40 1.60 7.50

% of the total content 50.0 11.24 16.8 13.21 8.21 21.74

The slag heap in s. Dumchino, Mtsensk District, Orel Region

The total content

20 m 0.64 95.47 19.76 69.76 10.84 149.85 3.63

300 m 0.50 75.05 19.21 45.63 9.20 122.35 3.15

Mobile forms

20 m 0.29 1.76 0.30 3.87 0.75 4.17 1.97

% of the total content 45.31 1.84 1.52 5.55 6.92 2.78

300 m 0.23 2.16 0.18 3.49 0.68 3.87 1.95

% of the total content 46.0 2.88 0.94 7.65 7.39 3.16
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at a distance of 20 meters and 300 meters from the slag heap was almost 
the same and varied between 19.76 mg/kg and 19.21 mg/kg. The value 
of the total pollution coefficient Zc  with heavy metals in the gray forest 
soils varied from 3.63 at a distance of 20 m from the slag heap to 3.15 
at a distance of 300 m, which characterizes the medium degree of soil 
contamination.

It is obvious that some toxicants may either increase or weaken 
the effect of each other on the object under study. In most cases, in actual 
practice a mixture of substances is to some extent less effective than the sum 
of the effects of all these substances, and is more effective than any of these 
substances taken separately.

The influence of heavy metals depends not only on their total content, 
but primarily, on the amount of water-soluble and mobile forms of heavy 
metals.

The research has shown that in case of the soil contamination with 
heavy metals their total content increases in the urban soils (Table 2).

The results presented here clearly demonstrate that the mobility of 
metals depends not only on the initial total amounts but also on the individual 
characteristics of these metals and on the properties of the soil environment.

In the urban soils located in close proximity to the highway, the 
maximum number of mobile forms of heavy metals is registered for 
cadmium – 56.5% of the total content, for zinc – 20.58% and for lead – 9.1%. 
In comparison with the background soil, the number of mobile forms of these 
heavy metals increased by 1.86 times for cadmium, by 2.09 times for zinc and 
by 1.13 times for lead.

The percentage of mobile forms of metals such as chromium, copper 
and nickel was 5.26%, 6.23% and 7.47% of the total content of these heavy 
metals, respectively. The amount of mobile forms of chromium, copper and 
nickel compared to their content in the background soil increased by 1.31, 
13.23 and 0.93 times, respectively.

At a greater distance from the source of pollution (50 m) the number 
of mobile forms of heavy metals is sharply reduced in comparison with the 
content of mobile heavy metals in the urban soils close to the highway.

Thus, the content of mobile cadmium decreased by 23.08%, copper – 
by 75%, zinc – by 51.6%, nickel – by 53.85%, lead – by 50%, chromium – by 
18.2% in comparison with the amount of mobile forms of these metals in the 
urban soils near the highway.

In comparison with the background soil, the amount of mobile metal 
increased 1.43 times for cadmium, 1.07 times for chromium and 1.01 times 
for zinc. The content of mobile forms of copper, nickel and lead decreased 
compared to the amount of mobile forms of these heavy metals in the 
background soil, 0.3 and 0.56 times, respectively.

Of interest are the data on the mobility of the metals under study from 
their original total content in the urban soil located at a distance of 50 m from 
the highway. The soil conditions of this research object turned out to be most 
favourable for the mobility of cadmium – 50.0% of the total content, zinc – 
29.69% and lead – 14.52%; the mobility of zinc, lead and chromium was 
higher than in the urban soil near the source of pollution, as for copper and 
nickel, the mobility decreased.

With increasing distance from the source of contamination, as it was 
established, not only the total content of heavy metals was higher but also 
the amount of their mobile forms and the degree of the mobility of heavy 
metals. For example, the amount of mobile cadmium was 60% of the total 
content of this element in the urban soil at a distance of 300 m from the 
highway, it was higher than the amount of cadmium in the urban soil near 
the highway by 15.39% and higher than the amount of cadmium in the urban 
soil at a distance of 50 m from the highway by 50%.

The amount of mobile zinc was 23.87% of the total content in this 
type of urban soils and the mobility increased by 24.84% compared to the 
amount of zinc in the urban soil near the highway. It can be concluded that 
the properties of the urban soil located farther from the highway were more 
favourable for the accumulation of the absolute numbers of mobile forms 
of cadmium, copper, chromium, nickel, lead and zinc, and for the increase 
in the degree of their mobility. In comparison with the background soil the 
amount of mobile cadmium increased 2.14 times, of copper – 1.5 times, of 
chromium – 1.43 times, of nickel – 1.1 times, of lead – 1.31 times and zinc – 
2.61 times.

The proportion of metals extracted from the sample using the 
ammonium acetate buffer pH = 4.8 decreases for the urban soils near the 
highway Zn > Pb > Cd = Ni > Cu > Cr; for the urban soils at a distance of 
50 meters it is Zn > Cd > Cr= Pb > Ni > Cu, and for the urban soil at the 
farthest distance from the highway the proportion of metals decreases in the 
row Zn > Pb > Cd = Cu = Ni > Cr.

The coefficient of the total accumulation of mobile forms of heavy 
metals in the urban soils was 4.55 in close proximity to the highway, 2.8 at 
a distance of 50 m from the highway and 5.06 at the greatest distance from 
the highway.

The data on the accumulation of mobile forms of heavy metals in the 
gray forest soils at different distances from the pollution source is also of 
interest.

The largest amount of mobile forms of the examined metals was found 
in the layer 0–20 cm of the gray forest soil at a distance of 20 meters from 
the slag heap; and in the soil at a distance of 300 meters from the heap 
a natural decrease in the absolute numbers of mobile metals was observed, 
the only exception was the data on the contents of mobile copper, its amount 
increased by 0.34 mg/kg. However, the degree of mobility of the heavy 
metals under study became higher with increasing distance from the source 
of contamination. The highest percentage of mobile forms was detected for 
cadmium 45.31–46.0%, for lead – 6.92–7.39%, nickel – 5.55–7.65%.

In the background soil the highest percentage of mobile forms of heavy 
metals was registered for cadmium – 50% of the total content, zinc – 21.74%, 
chromium – 16.8%, nickel – 13.21, copper – 11.24%, lead – 8.21.

The proportion of the mobile forms of heavy metals in the gray forest 
soil decreases in the row Zn > Cu > Ni > Cr > Pb > Cd, and in the sod podzolic 
soil in the row Zn > Pb > Ni > Cu > Cr > Cd.

Thus, in case of soil contamination with heavy metals their mobility 
can both increase and decrease. When the concentration of heavy metals 
rises to the level of precipitation or the formation of stable complexes, the 
mobility of heavy metals decreases. However, there may be situations when 
the concentration of heavy metals in the solution rises and the conditions are 
created to increase the solubility of the formed precipitation, and the mobility 
of heavy metals increases.

Conclusions:

1.	 The content of heavy metals in the urban soils, exposed to anthropogenic 
influence, is higher than in the soils of the background territory. The total 
amount of cadmium near the highway was 1.7 times higher than the 
total content of cadmium in the background soil. The content of copper 
was 2.2 times higher than the amount of copper in the park territory. 
It was established that the total content of almost all the metals under 
study was higher in the urban soils than in the background soils, for 
chromium it was 4.2 times higher, for zinc and copper – 2.2, for cadmium 
1.7, for nickel 1.64, the content of lead was the same. The level of the 
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total contamination is estimated as low for cadmium, copper, zinc, and as 
medium for chromium. 

2.	 The correlation between the distance from the source of pollution and the 
total content of the examined heavy metals is not consistent. A higher 
amount of all the metals under study was detected in the urban soils 
in comparison with the background soils, for cadmium it was almost 
1.79 times higher, for copper – 2.59 times, for chromium – 2.66 times, 
for nickel – 1.5 times, for zinc – 2.38 times, and only the total content of 
lead was 1.1 times higher.

3.	 The change in the total content of heavy metals in the urban soils near 
the highway and at a distance of 300 m from the highway is inconsistent. 
For example, it was established that the total amounts of some metals 
are higher in the urban soil located farther from the highway, the content 
of cadmium increased by 8.7%, of copper – by 19.74%, of lead – by 
1.01%, of zinc – by 7.6%. The content of nickel and chromium in the soil 
located farther from the highway decreased in comparison with the total 
amount of these metals in close proximity to the source of pollution by 
8.62% and 36.4%, respectively.

4.	 The total content of the examined heavy metals decreased with 
increasing distance of test sites from the slag heap. At a distance of 20 m 
from the heap there was a change in the amount of heavy metals in the 
anthropogenically disturbed layer of soil 0–20 cm: the total content of 
lead was by 15.13% higher than the amount of this metal in the humus 
layer of soil at a distance of 300 m from the heap. The total content of 
cadmium in the soils located in close proximity to the slag heap increased 
by 21.88% in comparison with its amount in the soil located farther. The 
total content of such metals as copper, zinc, nickel in the soils near the 
slag heap was 1.3 times, 1.25 times, 1.53 times higher than the content 
of these metals at a distance of 300 m from the heap.

5.	 It was registered that, with increasing distance from the source of 
contamination, not only the total content of heavy metals increased but 
also the content of their mobile forms and the degree of heavy metal 
mobility. For example, the amount of mobile cadmium was 60% of the 
total content of this element in the urban soil at a distance of 300 m from 
the highway, and it was higher than the content of mobile cadmium in 
the urban soil near the source of pollution by 15.39% and higher than the 
amount of cadmium at a distance of 50 m from the highway by 50%.

6.	 The highest content of the mobile forms of the examined heavy metals 
was detected in the layer 0–20 cm of the gray forest soil at a distance of 
20 meters from the slag heap, as for the soil at a distance of 300 meters 
from the heap; the natural decrease in the absolute content of mobile 
metals was registered. However, the degree of mobility of the investigated 
metals grew with increasing distance from the source of contamination. 
The highest percentage of mobile forms was detected for cadmium 
45.31–46.0%, for lead it was 6.92–7.39%, for nickel it was 5.55–7.65%.

7.	 The proportion of metals extracted from the sample using ammonium 
acetate buffer with рН = 4.8 decreases for the urban soil near the highway 
Zn > Pb > Cd = Ni > Cu > Cr; for the urban soil at a distance of 50 m that 

is Zn > Cd > Cr = Pb > Ni > Cu, for the urban soil located farthest from 
the highway Zn > Pb > Cd = Cu = Ni > Cr, and in the background sod 
podzolic soil Zn > Pb > Ni > Cu > Cr > Cd. The proportion of the mobile 
forms of heavy metals for the gray forest soil decreases in the row Zn > 
Cu > Ni > Cr > Pb > Cd.
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