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Introduction

Contamination of soil and plants by heavy metals adversely ef-
fects growth and development of plants, water purging prop-
erties and food safety (Ksenofontov et al., 2016; Ksenofontov, 
Goncharenko, 2016). We collected soil samples for further 
quantification of heavy metal concentration in road-side, indus-
trial, and residential areas of Moscow and Bolshoye Dumchino 
village (Orel region) to evaluate the spatial variations in heavy 
metal soil contamination connected to urbanization and local 
land utilization (Fritz, 2017). Soil carbon sequestration plays 
an important role in mitigating the anthropogenic increases in 
atmospheric carbon dioxide concentrations (Kuznetsova et al., 
2019).

Biodiversity increases the stability of ecosystem function-
ing. This is the most frequent pattern in the field of ecosystem 
functioning, which has been evaluated generally at the com-
munity scale (Pershin et al., 2020).

We found the highest content of heavy metals in the soil of 
the wayside green belts and the lowest at a large distance from 
the sources of contamination (Ksenofontov et al., 2016). Heavy 
metal content of all the studied soil samples was positively cor-
related (Ksenofontov et al., 2017). Heavy metals are chemical 
elements with density exceeding 5 g/cm3 and atomic weight 
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of more than 40 g/mol (Arinushkina, 1970). Accumulation of 
heavy metals in the soil increases their mobility because of pen-
etration into deeper layers of soil covering, contamination of 
vegetation, suppression of biota, and increase of heavy metal 
content in subsoil waters (Ksenofontov et al., 2016; Ksenofon-
tov, Starostin, 2016).

Territories of large cities contribute significantly to the 
amount of heavy metals in the environment (Ksenofontov et 
al., 2016). Metal plants are characterized by an area of maxi-
mum concentration of heavy metals with 5 km radius around 
the source of contamination and expanded areas of high heavy 
metals’ concentrations reaching 20 to 50 km from the urban 
sources of contamination (Ksenofontov et al., 2016). Despite 
reduction in aerial emissions of industrial metal plants and de-
crease in the amount of contaminating substances getting into 
the soil by air, such emissions are reaching high levels espe-
cially in the industrial Asian countries, the USA, and Canada 
(Arkharov et al., 2016).

In the process of urbanization anthropogenic activities 
bring greater amount of contaminating substances into urban 
environment thus increasing the concentration of heavy metal 
contaminants in the soil (Bednova et al., 2018; Stepanova et 
al., 2020 a,b); Ksenofontov et al., 2016). Studies show obvious 
correlation between heavy metal content and distance from the 
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source of soil contamination on highway shoulders and around 
slag dumps (Ksenofontov et al., 2017).

The authors suggest the most effective methods of planting 
trees and shrubs for soil phytoremediation in order to rehabili-
tate soil covering (Ksenofontov  et al., 2017).

Unregulated wastewater discharge and drainage flow from 
farmlands leads to contamination of rivers, water reservoirs, 
and irrigated lands (Ksenofontov et al., 2016; Ksenofontov, 
2019; Kozodaev et al., 2019a). The expediency of mixing sew-
age sludge compost with soil and using it in seed plats to grow 
shrubs, trees, and ornamental plants was proven (Ksenofontov 
et al., 2016; Ksenofontov, 2018; Ksenofontov, Goncharenko, 
2018; Kozodaev et al., 2019b).

It is noteworthy that slag dumps contaminate the environ-
ment with heavy metals, which leads to negative ecological 
consequences for physical and chemical soil properties (Kse-
nofontov et al., 2017; Stepanova et al., 2019a,c). Heavy metals 
directly influence the reaction of soil medium because of in-
teraction between heavy metal compounds and water (Novák 
et al., 2020). In practice, this leads to decrease in pH because 
heavy metal compounds are hydrolytically acid (Ksenofontov 
et al., 2016). Thus, elevation specific land management strate-
gies that improve these SQ indicators need to be emphasized 
(Abera, Assen, 2019).

Decrease of heavy metals content in soils is connected to 
their uniform penetration to the depth of 25 to 27 cm because 
of increase in infiltration of water and mineralization of organ-
ic substance (Ksenofontov et al., 2016). Scientists proved that 
the main elements contaminating the urbanozem in the inves-
tigated roadside territories are Zn, Pb, Cu, Co, Cd. It should be 
noted that measures to detoxicate soil must be well thought-
out considering special types of commercial, soil-geographical, 
geobotanical, and agricultural planning (Ksenofontov et al., 
2017). Accelerated soil erosion is a problem resulting from 
inappropriate land management, which affects both the pres-
ence of organic matter and the soil structure. The tool for elimi-
nation of negative impacts on soil can be its sustainable use 
(Stepanova et al., 2020a). This requires the use of an accurate 
system to improve its condition (Petlušová et al., 2020).

As a result of the succession, ecosystems gradually adapt to 
various anthropogenically transformed conditions followed by 
forming specific soils in line with urbanized conditions (Bed-
nova et al., 2018). 

Researchers took soil samples at a depth of 0 to 20 cm in 
order to evaluate urban soil contamination in Moscow in 2015. 
They also determined heavy metals, benzopyrene, and petro-
leum products’ content, pH value of water-salt extract, organic 
substances’ content, amount of dried residue, and major min-
eral elements (P2О5, K2О, NO3, NH4). It is noteworthy that the 
data obtained is similar to the results of ecological monitoring 
in 2013. At the same time, they noticed significant alkaliniza-
tion of urbanozem with deicing chemicals (Stepanova et al., 
2020b).

Increase in heavy metal concentration enhances inhibitory 
effect, which correlates with duration of heavy metals’ impact 
on metabolic processes in soils, microorganisms, plants, ani-
mals, and humans (Stepanova et al., 2020a,b). It was proven 
that actinomycetes—able to act as symbiotes of invertebrates 
living in soil—are similarly distributed by numerical strength 
in soil samples. This tightly correlates with food chain ties in 

microbial community and also with the phenomena of metabi-
osis and protocooperation in the process of decay of incoming 
organic substances in soils (Stepanova et al., 2019b,c). Some 
scientists (Ksenofontov, Goncharenko, 2016) prove that heavy 
metals’ toxicity in soils can be entirely explained by inhibiting 
many soil enzymes.

Analysis of scientific publications also shows that parame-
ters of biochemical activities of soils and response of organisms 
living in soils are used as characteristics of soils contaminated 
with toxic substances. The results of the study were presented 
in the form of tables that can be used in landscape and envi-
ronmental practice (Falt’an et al., 2017). It should be noted 
that it is now becoming very important to monitor the health 
of the population living in polluted areas, so it is necessary to 
improve the ecological state of the environment. For example, 
the population of Vladimir and Orel regions, the influence of 
environmental factors on the formation of health of the adult 
population, and the health of school-age children, from the 
point of view of the annual dynamics of morbidity of the cir-
culatory system and some associated diseases (Stepanova et al., 
2019a,b). Factors affecting the state of contaminated territories, 
in turn, affect human health. The effect of industrial waste and 
motor vehicle emissions on the geochemical features and envi-
ronmental sustainability of soil, plants, surface water and the 
atmosphere in the study area is shown (Stepanova et al., 2019c; 
Stepanova, Pisareva, 2019). The differential criterion of prima-
ry pathology of the circulatory system should be considered 
as an indicator that integrally reflects the degree of adaptation 
of the population to environmental conditions and is suitable 
for constructing short-term prognostic estimates (Trifonova, 
Shirkin, 2015).

Material and research methods

The first study object is situated in Bolshoye Dumchino vil-
lage (Mtsensk district, Orel region, Russia). The village is sep-
arated from Moscow by 294 km and from the town of Orel, 
the regional center, by 45 km. This territory belongs to the 
Podmokrinskoye rural settlement with population of 1200. Mt-
sensk district is situated in the north-eastern part of the Orel 
region and occupies more than 1.7 thousand square km. It bor-
ders Zalegoschensky, Novosilsky, and Korsakovsky districts of 
Orel region, and Chernsky district of Tula region.

Soils of Mtsensk district are represented mainly by dark 
gray forest soils and gray forest soils. The district has moderate-
ly continental climate. The district is characterized by moderate 
winter temperatures (between –3 and –15 °C) and moderate 
summer temperatures (between 14 and 25 °C). Winter lasts for 
approximately 5 months. Summer is rather warm and long, it 
lasts for approximately 4 months. Average annual precipitation 
in Mtsensk district 546 mm. Average air humidity in cold time 
of year is 85%, in summer—more than 70%. Wind speed and 
pattern influences the dispersal of polluting substances com-
ing from different sources differently. Average monthly wind 
speeds reach more than 4 m/sec.

Soil and plant degradation comes from slag dumps of the 
industrial enterprise «Mcenskij Litejnyj Zavod» (Mtsensk).

Continuous monitoring sites (CMSs) at different distances 
from a slug dump (50, 150, 300, 450 m) were chosen as a study 
object. The soil was  medium-power gray forest soil, medium 
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clay-and-sand loess soil, medium-humic typical gley soil.
CMSs in the immediate proximity of M-2 highway were 

chosen for ecological evaluation of the extent of soil pollution. 
This territory stretches along the village and field protected 
from the road by roadside trees. Test plots have low power 
clay-and-sand gray forest soil. Control sections were made in 
CMSs at the nature reserve near the pond, at the tilled area 
near the park, and at the car-park.

The second study object is Moscow, the capital of Rus-
sia, city with federal status. It is situated in the center of the 
East European Plain, in-between rivers Oka and Volga, at the 
junction of Smolensk–Moscow Upland (in the West), Mos-
cow-Oka Upland (in the East), and Meshchera Lowlands (in 
the South-East). The territory of the city is 2561.5 km² (as of 
2019), approximately 900 km² is situated inside the Moscow 
ring highway.

Population of Moscow is 12,615,279. It is worth noting that 
Moscow is one of the ten most populous cities in the world 
and the largest Russian-speaking city in the world. It has GPS 
coordinates 55.753215, 37.622504. The Moscow city has mod-
erately continental climate with distinct seasons. Winter (up 
to 4 months a year) can have short periods of strong frosts (up 
to −25…−30 °C). Thaws (between –5 and −10 °C) are often 
possible in December and January with temperatures going to 
0 °C and higher (between 5 and 9 °C). Summer (temperatures 
higher than 20–30 °C) lasts around 3.5 months. The average 
yearly wind speed is 2.3 m/sec. The average yearly air humid-
ity is 77%. In recent years, the yearly amount of precipitation 
in Moscow is 700 mm. Most of it comes in summer.

Initially, Moscow soils were soddy podzolic. They were 
transformed in the process of intensive anthropogenic impact. 
Their structure, composition, and functioning mode changed 
physical and chemical properties of urbanozems. It is worth 
noting that the soils in Moscow are formed artificially with 
fill up ground in the process of reorganizing parks, boule-
vards, and other recreational areas. So, the soils in the city are 
mainly soddy podzolic (55.9% of all territory), swamp-pod-
zolic (19.2% of all territory), grey forest (8.2% of all territory). 
Today urbanozems are the prevalent soils in Moscow. These 
soils have anthropogenic horizons with high level of heavy 
metal contamination, incorrect profile structure, inconsist-
ent occurrence of horizons, prevalence of organic substances, 
construction, and household rubbish.

In recent years, a characteristic decrease in depth of humic 
soil in the range of 2–4 cm was observed. We showed the pos-
sibility of using invertebrates as bioindicators because micro-
arthropods react to changes in the environment sharply.

Our work is aimed at studying the state of the soil in the 
megapolis and the small settlement, which exist under differ-
ent man-made burdens. To achieve this aim, we evaluated the 
numerical strength of soil micro- and mesofauna.

We studied the soils (2013–2015) in different territories of 
Moscow (along the Moscow ring highway, park belt of «Los-
iny ostrov» national park) and the small settlement (Bolshoye 
Dumchino village), which were constantly exposed to the var-
ious man-made burdens (highway and transportation com-
plex and  emissions from industrial enterprises; dump slag of 
aluminum casting, respectively). Soil samples were gathered 
in June (2013–2015) during the dry season in order to prevent 
fluviraption of the potentially toxic metals by rain and floods. 

Six study points were selected in Moscow, three of which were 
at the distance of  5, 50, and 300 m from the Moscow ring 
highway. Each soil sample was drawn from five subsamples 
(0–20 cm) using palette-knife and mixing samples by sifting 
through 2 mm nylon net. The soil was dried by air and stored 
in polyethylene bags for further research. Soddy podzolic soil 
(Umbric Albeluvisols) park belt of «Losiny ostrov» (natural 
area of preferential protection) was used as a background 
(control). Points in the small settlement (light gray forest soil) 
were selected at the distance of 20 and 300 m from the source 
in contamination (dump slag). Soil samples in the megapo-
lis and small settlement research points were gathered from 
the top 0–20 cm of humic-eluvial horizon. Soil samples were 
taken to the laboratory and stored at 4–5 °C until used in the 
analysis. Search for toxic metals was conducted using atomic 
absorption spectrometer (PG990 model). Precision specified 
under double measurements was ±5% for all the selected met-
als. In order to evaluate potential danger of contaminating 
soil with toxic metals based on soil samples we determined 
the sum of concentration coefficient (Zc) for the studied toxic 
metals.

Counting of different groups of microorganisms was per-
formed by plating soil suspension on solid medium: meat-
and-peptone agar (MPA, ammonifier), starch-and-ammonia 
agar (SAA, bacteria and actinomycetes, using mineral nitro-
gen), Czapek’s medium (microfungus) on Getchinson medi-
um (cellulose-decomposing microorganisms). Desorption of 
microorganisms from soil particles was performed by grind-
ing soil lot with water. Soil suspension in water was shaken 
(nutator, 15 min) and a series of dilutions was prepared. Inoc-
ulation on nutriculture medium was repeated five times. Af-
ter incubation of platings, we counted colony-forming units 
(CFU) of the microorganisms. Mineralization rate of the soil’s 
organic substance was calculated as relation of the number 
of bacteria grown on SAA to the number of bacteria on CFU. 
The number of microorganisms (CFU/g) was calculated per 
one gram of dry soil.

For calculating microarthropode (representatives of mi-
crofauna) in gray forest soil (at the distance of 20 and 300 
m from the source of contamination), we selected twelve soil 
samples (5 cm3 in volume each) from 0–5 cm and 5–10 cm 
layers over an area of 10 to 100 cm2. The samples were elected 
in Tullgren funnel. The number and standing population of 
earthworms in gray forest soil (distance 20 and 300 m) were 
determined using the method of soil digging (0–20 cm dig-
ging) over an area of 1 m2. We used linear regression analysis 
in order to decrease the size and possible sampling errors, and 
show correlation between the contents of heavy metals in the 
soil and microorganisms. We also performed analysis using 
Statistica statistical software.

Results and discussion

The investigated humic horizons—urbanozems and light-gray 
forest soil at 20 m distance from slag—are characterized as 
highly humous, unlike low humous background soddy pod-
zolic soil with humus content of 1.27% and light-gray forest 
soil at 300 m distance from the slag dump. All the investigated 
urbanozems are neutral environment compared with back-
ground soddy podzolic soil and light-gray forest soil near the 
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slag dump (Table 1).
The studied urban soils are characterized by high degree 

of saturation with bases, 91.2–96.5%, compared with very low 
saturation with the bases of soddy podzolic soil humus ho-
rizon. It is noteworthy that slag dump impact on the small 
settlement’s light-gray forest soil causes significant decrease 
in  saturation with bases and forms strongly acid environ-
ment. As distance from the slag dump increases, saturation 
with bases also rises to 88.7% but soil acidity goes down to 
pHKCL 5.4.

Soil microorganisms

The total number of microorganisms in test points at differ-
ent distances from the Moscow loop highway varied between 
3.58×107 and 5.71×107 CFU/g. It was found that the number 
of ammonifying bacteria in the investigated urbanozems var-
ied between 1.49 and 2.80×107 CFU/g of the absolutely dry 
soil. At the same time, the number of bacteria of this group 
at larger distances from the highway was 2 times higher than 
in the immediate vicinity of the Moscow loop highway (5 
m). At the test point 50 m from the Moscow loop highway, 
the number of ammonifying bacteria grew almost 1.5 times 
and reached 2.26×107 CFU/g. Similar picture exists for ami-
noautotrophic group. The total number of aminoautotrophs 
in urbanozems in immediate vicinity from the Moscow loop 
highway reached 2.05×107 CFU/g.

As sampling distances from the highway increase to 50 
m, the number of aminoautotrophs grew to 2.60×107 CFU/g. 
The highest number of aminoautotrophs in urbanozems was 
found at the distance of 300 m from the highway and reached 
2.85×107 CFU/g of the absolutely dry soil. The maximum 
number of aminoautotrophic bacteria was found in urba-
nozems at 50 m distance from the highway (2.26×107 CFU/g). 
The smallest numbers of bacteria of this group was found 
in the test point in the immediate vicinity of the highway − 
1.13×107 CFU/g.

There are interesting results concerning changes in 
the number of actinomycetes in the physiological amino-
autotrophic group. The greatest number of actinomycetes 
was found in the samples collected in the third point at the 
distance of up to 300 m from the Moscow loop highway − 
0.98×107 CFU/g.

Point of 
investigation 
number

Distance from sources 
of contamination, m

Humus, % pHKCL Cation exchange 
capacity (CAC), 
mmol/(eq)/100 g

Degree of Saturation of 
Soils with Bases, %

Moscow (urbanozem, soddy podzolic soil (background))
1 5 2.84 6.9 10.04 96.5
2 50 3.37 6.37 14.61 91.2
3 300 3.39 7.1 9.4 95.4
4 Background soil 1.27 4.75 12.0 26.3

Bolshoye Dumchino village (anthropogenically affected light-gray forest soil)
5 20 2.8 4.5 6.6 45.5
6 300 1.8 5.4 10.1 88.7

Table 1. Chemical properties of investigated soils (0–20 cm) in the megapolis and small settlement under man-made burden.

The smallest number of actinomycetes was found in urba-
nozems at 50 m distance from the Moscow loop highway.

Numerical strength of fungal flora varied depending on the 
distance from the source of contamination − the highway; the 
highest number of colony forming units of fungal flora was found 
at the greatest distance from the highway − 4.91×105 CFU/g. The 
number of cellulose decomposing microorganisms was the low-
est in the immediate vicinity of the highway − 1.1×105 CFU/g, 
which was almost 5 times lower than the count of fungal flora 
in urbanozems most distant from the highway. The number of 
actinomycetes varied from 1.3×105 CFU/g in the immediate vi-
cinity of the highway to 2.41×105 CFU/g at the greatest distance 
from the highway. The number of actinomycetes in the soils at 
the test point 50 m away from the highway dropped drastically. 
It was 2.5 times lower than the number of cellulose decompos-
ing actinomycetes in urbanozems most distant from the highway 
(Table 2).

Table 2 shows that not only the total number of microorgan-
isms but also the proportion of different ecology trophic groups 
changes in the humus horizon of the background soil. For exam-
ple, the number of ammonifiers, aminoautotrophs, actinomycet-
es, and also the number of bacteria using mineral nitrogen forms 
on SAA is lower than the respective numbers of urbanozems.

The total number of soil microorganisms at 20 m distance 
from the dump reached 0.72×107 CFU/g; at 300 m distance − 
rose almost 2 times and reached 1.4×107 CFU/g. It is worth not-
ing that the total number of microorganisms in gray forest soil 
(20 and 300 m) was almost 4.9 and 2.9 times lower, respectively, 
than values for urbanozem in the city of Moscow.

It was also found that the number of ammonifiers and ami-
noautotrophs in the soil at the distance of 300 m from the slag 
dump rose almost 2–2.5 times compared with the values at 20 m 
distance. Those values were recorded for megapolis urbanozems 
too. At 300 m distance from the dump, the number of denitri-
fying bacteria and aminoautotrophs rose to 1.29×107 CFU/g, 
which was 2.5 times higher compared with respective figures 
near the slag dump. It is worth noting that the low number of 
denitrifiers in the megapolis urbanozem and in the faulted light-
gray forest soil is due to the lack of mineral nitrogen and weak 
enrichment of the soil with humus, respectively.

Mineralization rate tended to rise along with increase of an-
thropogenic burden on the soil. It was 2.39 units near the slag 
dump and 2.91 units at the larger distance.
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We found that changes in the total number of microorgan-
isms and the value of mineralization rate in the investigated 
urbanozems and light-gray forest soils depended on heavy 
metal contamination level. Soil heavy metal contamination is 
evaluated as a relation of the actual contaminator content in 
the soil to the amount of the background content (Table 3).

The study showed that the changes in the value of aggre-
gate accrual factor of the investigated heavy metals—Cd, Pb, 
Zn, Cu, Cr, Ni both in total and mobile forms in urbanozems 
and light-gray forest soils—caused appropriate changes in the 
total number of microorganisms and mineralization rate re-
flecting relation of bacteria grown on SAA to bacteria grow-
ing on MPA.

High level of mobility compared with original total con-
tent of heavy metals: Cd - 45–60%, Zn - 2.8–29.7%, Pb - 6.9–
14.5%, significantly impacted the changes in microbiota of 
the investigated urbanozems. High level of mobility of heavy 
metals significantly influences the changes in microbiota of 
the investigated urbanozems. The number of microorganisms 
in the investigated soils in the near vicinity of the highway 
dropped by 37.4%, and in the soils at 50 m distance from the 
highway, the number of microorganisms decreased by 14.1%. 
Impact of the slag dump on the number of microorganisms 
in the humus layer of light-gray forest soil was evident in the 
increase in the total number of microorganisms at the greater 
distance between the investigated object and the source of 
contamination. So, at the high aggregate accrual factor of 
heavy metals’ (total content) value (43.1 at 20 m and 5.4 at 
300 m) and their mobile forms (9.6 at 20 m and 6.1 at 300 m) 
in anthropogenically modified light-gray forest soil on the test 

Distance, m

Number of microorganisms

Kmin* 

107 CFU/g 105 CFU/g 107 CFU/g

MPA

SAA Cellulose-decomposing on  
Getchinson medium Fungus on  

Czapek’s 
medium

total
amounttotal

amount

among them
total

amount
among them 

actinomycetesbacteria actinomycetes

Moscow loop highway

5 1.49
+0.02

2.05
+0.01

1.13
+0.02

0.92
+0.06

1.33
+0.07

1.31
+0.04

1.12
+0.02 3.58 1.38

50 2.26
+0.07

2.60
+0.09

2.26
+0.03

0.33
+0.20

0.94
+0.05

0.90
+0.04

0.55
+0.06 4.88 1.15

300 2.80
+0.19

2.85
+0.11

1.87
+0.34

0.98
+0.03

2.42
+0.06

2.41
+0.10

4.91
+0.43 5.72 1.02

Background 
(reference soil)

0.93
+0.02

1.09
+0.01

0.81
+0.03

0.29
+0.05

0.12
+0.01

0.09
+0.02

3.12
+0.02 2.06 1.17

Bolshoye Dumchino village

20 0.21
+0.02

0.50
+0.03

0.39
+0.07

0.12
+0.01

0.28
+0.02

0.25
+0.03 0.05 0.72 2.39

300 0.44
+0.01

1.29
+0.01

1.03
+0.03

0.26
+0.01

1.6
+0.06

1.55
+0.04 0.11 1.4 2.91

Table 2. Microbiological activity anthropogenically modified urbanozems near the Moscow loop highway and light-gray forest soil in 
Bolshoye Dumchino village.

*Note: Kmin – mineralization rate.

Along with changes in the number of microorganisms, 
we noted qualitative differences in the composition of physi-
ological trophic groups of the investigated microorganisms. 
The number of ammonifying microorganisms in the soil grew 
2 times at 300 m distance from the slag dump compared with 
the immediate vicinity of the slag dump. The low level of mi-
croorganisms using organic forms of nitrogen in the imme-
diate vicinity of the slag dump is caused by low soil humus 
content. The number of microorganisms using mineral forms 
of nitrogen significantly exceeds the total number of microor-
ganisms  using the organic forms of nitrogen in the immedi-
ate vicinity of the slag dump. The percent of bacteria in the 
total group of ammonifiers reached 77–80% in the immediate 
vicinity of the slag dump, while the percent of actinomycetes 
was only 20–23%.

It was found that Pb (200 mg/kg), Zn (500 mg/kg), and Cd 
(5 mg/kg) content in the soil lead to lowering of activity of de-
hydrogenase and invertase. Their total inactivation occurred 
after twofold increase in the above concentrations.

Our studies showed that the activity of protease, catalase, 
invertase, and urease in the soil contaminated with heavy 
metals decreased by 41, 64, 54, and 53%, respectively, com-
pared with the uncontaminated soil.

So it was shown that the elevated concentration of con-
taminating substances near highways, including temperature 
changes in those places, lead to lowering of proteolytic, urea-
sic, catalasic, and invertasic activities of the soil. The most 
«sensitive» ferments for chemical toxicants impact were cata-
lase (reductive-oxidative), urease (hydrolytic, nitrogenous 
metabolism), and invertase.
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Distance from 
sources 

of contamination, 
m

Aggregate accrual 
factor of heavy 

metals Zc, mg/kg
Mobility of heavy metals, % Total count of 

microorganisms, 
107CFU/g

Kmin

total 
form

mobile 
form

Cd Pb Zn Cu Cr Ni
Moscow (Moscow loop highway, urbanozem)

5 7.8 4.5 56.5 9.1 20.6 5.3 5.3 7.5 3.6 1.4
50 4.3 2.8 50.0 14.5 29.7 9.4 9.4 5.1 4.9 1.2
300 7.0 5.1 60.0 10.2 23.9 9.0 9.0 9.4 5.7 1.0
Background 
(control soil) 1.0 1.0 50.0 8.2 21.7 11.2 16.8 13.2 2.1 1.2

Bolshoye Dumchino village (slag dump, light-gray forest soil)
20 43.1 9.6 45.3 6.9 2. 8 1.8 1.5 5.5 0.7 2.4
300 5.4 6.1 46.0 7.4 3.2 2.9 1.0 7.6 1.4 2.9

*Note: Kmin – mineralization rate.

Table  3. Dependence of microorganisms on the presence of heavy metals.

Group
dominant specie

Specimen/m2

150 m 450 m

Collembolans (Collembola Lubbock):
H. manubralis
Jsotoma habitas
Pseudosinella alba

1440
542+52

–
–

4644
1382+140
1246+122
1197+110

Ticks (Acari) 2131 6496
Oribatid mites (Oribatida):
Tectocepheus velatus
Cosmochthonius lanatus
Puethoribates punctum

1744+172
542+52
400+41
542+52

3990+378
–
–

3354+331
Gamasid mites (Gamasoidea):
Arcthoseus cetratus

99
–

248
154+16

Astigmata mites (Astigmata):
Tyrophagus perniciosus
Gyppopus sp.

155
61+7

–

1746
–

1661+159
Trombidiform mites: Trombidipormes sp. 33 482

Table  4. Species composition and the number of microarthropods in light-gray forest middle loamy soil at different distances from the slag dump.

Species composition and the number of macrofauna, specimen/m2 Distance, m
150 450 

Large reddish worm (Lumbricus terrestris Linnaeus) 0 0.3+0,2
Allolobophora caligonosa earthworm (Lumbricidae) 22+3 57+8
Small reddish worm (Lumbricus rubellus Hoffmeister) 0 0.6+0,2
Young worms 8+2 1,3+0,6
Invertebrate larvae 4+1 5+1
Total number of specimen 34+6 64.2+10

Table  5. Species composition and numerical strength of macrofauna in light-gray forest middle loamy soil.
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plot near (20 m) slag dump the number of microorganisms 
was 0.7×107 CFU/g. It grew 2.4 times to 1.4×107 CFU/g in the 
anthropogenically modified light-gray forest soil on the test 
plot at greater distance (300 m) from the dump.

One of the indicators for the evaluation of soil contamina-
tion is a species composition of soil invertebrates (Table 4).

According to the data in Table 4, it is possible to infer that 
the number and species composition of microarthropods are 
indicators of intensity of heavy metal soil contamination. The 
total number of large pedobionts for which the soil is a solid 
medium, under perennial grasses was 33.6+4.9 specimen in 
one sample. Their population consists of three groups of large 
soil animals (Table 5).

Lumbricidae (earthworms) are prevalent at 150 m distance 
from the slag dump. Juvenile young forms represented 26.6% 
of the population. Allolobophora caligonosa worm was the 
most numerous in the earthworm group − 73.9%.

The total numerical strength of macrofauna on the ter-
ritory at 450 m distance from the slag dump, compared with 
the territory in the immediate vicinity, was 2.5 times greater. 
The numerical strength and the number of species of Lumb-
ricidae was also higher. Among invertebrates, as in the first 
study, earthworms were prevalent (99%). In the Lumbricidae 
group, Allolobophora caligonosa earthworm was manifestly 
prevalent − 96.7%. Large reddish worm had 0.5%, small red-
dish worm − 1.06%. Macrofauna representatives are unevenly 
distributed in the soil profile. The top 10 cm layer of the soil 
is the most populous. The numerous strength of most other 
species decreased with depth and like in the case of Allolo-
bophora caligonosa earthworm— slightly varied with depth 
(about 1 specimen for 1 sample). Total numerical strength 
near the slag dump was 2.5 times lower than on the plot at 450 
m distance. As it is known, longtime human impact leads to 
spatial nonuniformity in biotopes: it grows at lesser distances 
from the source of contamination because of emerging micro 
plots unfit for habitation.

Reduced aggregation of the total mesofauna biomass in 
the vicinity of the slag dump is due to veritable drop of this 
measure for most invertebrate species.

Results of the study show that microbiota structure chang-
es both in Moscow soils and soils under slag dump impact. 
Despite local differences between the test plots, there is a ten-
dency towards lower mineralization rates at greater distances 
between the test object and the source of contamination. The 
mineralization rate for soils near the slag dump was 1.9 units. 
It dropped to 1.5 units with increase in distance from the 
dump to 300 m.

Conclusion

This study investigated the total concentration of toxic heavy 
metals in the topsoil of urbanozems (city of Moscow) and gray 
forest soils (Bolshoye Dumchino village). It was found that 
the average concentrations of the investigated heavy metals 
exceeded the corresponding base levels. Studying spatial vari-
ations of heavy metal content in soils, we showed that positive 
dynamics of the heavy metal content in soils was tied with 
road traffic, increasing urbanization, accrual of slag waste.

The studies proved that the source of contamination sig-
nificantly influences the species composition and numerical 

strength of microarthropodes in 0–20 cm layer of light-gray 
forest middle loamy soil.

It was proven that increased intensity of heavy metal 
accrual lead to appropriate decrease in overall numerical 
strength of microbiota and increase in mineralization rate 
in both urbanozems and light-gray forest anthropogenically 
modified soil. 
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