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Abstract: Using physicochemical methods of analysis (XRF and AAS), the elemental composition of urban soils of large
urban ecosystems of one of the industrially developed regions of Russia was studied. It was revealed that most of the
soils of urban ecosystems have technogenic anomalies in a number of heavy metals and metalloids: As, Co, Ni, Pb, Zn,
Cr. An abnormally high iron content in the soils of the region was established compared with the world level and clarke
of element in the soils. Without exception, all studied urbanozems are characterized by a high S content. Territories with
a moderately hazardous and dangerous pollution level, which amounted to 20% of the studied urban ecosystems,
respectively, were identified by the total pollution index. Sources of toxic elements in urban soils are metallurgical,
defense, metalworking and chemical industries. The industrial production and toxicant-polluted urban soils considered in
the article are a potential source of pollution of natural waters and surface layers of the atmosphere. The soils of cities
and sanitary protection zones of industrial enterprises with geochemical anomalies require bioremediation.
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1 Introduction necrotic changes [1-12]. The smallest soil particles
Recently, in connection with the development of during soil erosion during weathering can rise into
industry and an increase in the number of vehicles, the surface layers of the atmosphere, entering the
anthropogenic impact on soils has intensified, human lungs and penetrating the alveolar barrier to
accompanied by their transformation and loss of accumulate in the body, causing a number of toxic

buffer properties, as well as the accumulation of effects, one of which is a debilitation of the immune
toxic elements in them, aggravation of system, which is especially dangerous during a

biogeochemical cycles, transmission of them and pandemic. .
increase in the concentration of toxicants in food In addition, cross-border transport of toxic
chains. components by airflow is possible.

If these processes are accompanied by an increase in All -this- ) leads  to disruptiop of ecosystem
soil acidity, nutrients are removed from its upper sustg1nab111ty and  exacerbation  of  global
horizons, and the availability of toxicants for plants environmental problems.

increases. A necessary component of environmental pollution
These processes lead to deformation of the original control is monitoring the state of soils, identifying
plant and microbial communities, degradation of the geochemical anomalies and developing methods for

vegetation cover, decreased photosynthetic activity their elimination.

and productivity of plants due to defoliation and
death of sensitive species, destruction of the
photosynthetic apparatus and manifestation of
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2 Problem Formulation

Model region of the study was Tula region urban
ecosystems and the city of Tula. The model region
is characterized by well-developed industry:
mechanical  engineering and  metalworking,
chemical industry; defense industry, ferrous
metallurgy; construction materials; light industry,
food industry. Districts of Tula region are
characterized by varying degrees of anthropogenic
impact. Tula industry (ferrous metallurgy and
mechanical engineering) and Novomoskovsk
(chemistry) account for more than 2/3 of the
regional production.

A great contribution to the pollution of the region
make the chemical industry centers Schekino,
Efremov, Aleksin and the center of the electricity
Suvorov. The remaining 20 districts of the region
account for 10% of industrial production.

According to the concentration of industrial
enterprises, the Tula region is the second only to
Moscow and it is among the five most ecologically
unfavorable regions of Russia, 10 times exceeding
the amount of emissions to the atmosphere
neighboring the Kaluga and Oryol regions. 94% of
all emissions are due the city of Tula and
Aleksinsky, Suvorovsky, Efremovsky,
Novomoskovsky, Uzlovsky, Schekinsky districts
where the largest number of industrial enterprises in
the region are allocated. 52% of pollutants in the
atmosphere falls to the share of industrial
enterprises.

The regional center - the city of Tula locates180 km
south of Moscow. This ecosystem includes the city
area of 154 sq. km and a population more than 500
thousand; it represents an area with developed
metallurgical, chemical, engineering and defense
industries with the city's infrastructure and network
of roads with heavy traffic.

Comparative retrospective analysis of the content of
elements in the atmosphere of the region (2000 -
2015 years), obtained by passive briomonitoring
method (ENAA of moss samples) showed an
increase in air pollution Fe, Cr, Co, As, Cd, Sr and
Sm in the past 10 years. In comparison with the
other regions of Russia, the air of Tula region is
polluted by such elements as: V, Fe, Co, As, Sr, La,
Ce, Tb, Hf, Ta, Th, U, Sm [13].

These are the elements of technogenic origin
associated with the activity of the enterprises of
metallurgical, metalworking, defense, coal mining
of the region. These elements can be transferred by
air masses in neighboring areas.

Compared with passive biomonitoring data for
Republic Belarus, Ukraine, UK and EU the air of
the region contains 1.5-7 times higher V, Cr, Fe, Zn,
As, Cd [14-16].
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Elements from the air masses fall into the soil with
atmospheric precipitation. There they accumulate,
being adsorbed by the soil-absorbing complex and
the organic component of the soil, -create
geochemical anomalies, and have a toxic effect on
biota. Monitoring soil pollution, identifying the
components of technogenic emissions of urbanized
ecosystems, where most of the population lives, is
not only a fundamental task, but also aims to help
solve the problem by selecting plants and
microorganisms for phytoremediation.

2.1 Sampling and sample preparation
Sampling was carried out in urbanized ecosystems
and the sanitary protection zone (SPZ) of highways
and industrial enterprises in the most polluted areas
of the region, the soils of which according to
previous studies were characterized by extremely
high and high levels of pollution. Sampling points
were consistent with maps of atmospheric
deposition of the region for the most toxic
components. Soils on the territory of the of L.N.
Tolstoy museum-estate "Yasnaya Polyana". Soil
sampling of the regional center was based on data
from previous projects and was carried out from
sites whose soils were previously classified as
moderately hazardous and dangerous.

Samples were taken according to standard methods
[17, 18]. by the "envelope" method by averaging the
material of at least 5 private samples from five
points with an area of 10x10 m?. Sampling depth -
0-20 cm.

A total of 61 medium soil samples were taken.
Samples were dried to an air-dry state at a
temperature of 40 °C, ground and sieved through a
sieve with a hole diameter of 1 mm?. For subsequent
x-ray spectral analysis, the samples were pelletized.

2.2 Analysis

X-ray spectral analysis (XRF) of soil samples was
carried out in the laboratory of chemical and
analytical studies of the Geological Institute of the
Russian Academy of Sciences (GIN RAS) using a
Bruker AXS S4 Pioneer sequential wave XRF
spectrometer [19,20].

Processing of the obtained results was carried out
using the S4 Spectra Plus software package. Using
the RFA, the concentration of Al, P, K, Ca, Sc, Ti,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Rb, Sr, Zr, Mo,
Ba, Pb, Th in the soil was determined .

As reference samples, standard composition samples
were used: SCT-1.2, IAEA Soil-7. GBW-07404,
07405.

An objective assessment of the soil pollution level
was carried out with the calculation of the
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concentration coefficient Cc (formula 1) and the
total pollution index Zc (formula 2).

The concentration coefficient of the chemical
substance Cc was determined by the ratio of the
actual content of the analyte in the soil (Ci) in mg /
kg of soil to the regional background (Cphi):

Cc = Ci/ Cypg (formula 1).

The total pollution index is equal to the sum of the
concentration coefficients of chemical elements -
pollutants and is expressed by the formula:
Zc=SUM (C¢ + ... + Cen) - (n - 1) (formula 2),
where n is the number of determined summed
substances; Cci is the concentration coefficient of
the i-th component of the pollution [25, 26].

3 Problem Solution

During the study, the elemental composition of
urban soils of 10 urban ecosystems of the region
with varying degrees of anthropogenic pollution and
the level of industrial development was studied.

As a background zone, the content of elements in
forest and meadow ecosystems of a specially
protected natural area - L.N. Tolstoy the Museum-
Reserve "Yasnaya Polyana".

An XRF analysis of the studied urbanozems of the
regional centers showed that in the soils of urban
ecosystems with varying degrees of technogenic
impact, geochemical anomalies are observed for
elements such as As, Co, Ni, Pb, Zn, whose
concentrations in soils often exceed the MPC. The
content of non-normalizable elements is very high:
Fe and Cr — the chromium content in soils exceeds
critical concentrations for the multifunctional use of
the RF lands (Bashkin, 2004) in 80% of the studied
urbanized ecosystems.

The most burdened geochemical anomalies should
be considered the soils of the regional center - the
city of Tula (high Fe content, excess of MPC (AEC)
for As, Co, Cu, Pb, Zn); Novomoskovsk (high
content in the soils of Fe, S, Cu, Zn, Sr, Hg),
Uzlovaya (excess of MPC (MPC) by Co, Pb, S, Sr);
Kireyevsk (excess MPC (OEC) for As, Co, Cr, Ni,
S, V, Zn); Efremova (excess MPC (UEC) by As,
Co, Ni, S, V) (Table 1).

The soils of all cities without exception have
geochemical anomalies. In the soils noted earlier on
the maps of the regional centers located in the clean
zone (Odoev) an excess of the standards for Co, S,
Zn was found.

The average value for all studied urbanozems shows
geochemical anomalies in As, Co, Pb, S, and Zn
(Table 1).

Table 1
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The content of elements in the soils of urbanized

ecosystems with varying degrees of technogenic

load, mg / kg
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*  Critical concentrations of HM under
multifunctional land use, mg / kg RF / EU [24]
** Content in clay and loamy soils of the world /
USSR [25, 32, 33]
We have studied the content of toxic elements in the
sanitary protection zone (SPZ) of regional
enterprises, which can be sources of technogenic
pollution of air, soil and natural waters. The results
of the study are presented in Table 2. According to
the data obtained, the technogenic source of such
elements as Co, Cr, Cu, Ni, Pb, S, Zn, and Fe are the
enterprise of the defense industry; Co, Ni, Zn, Fe,
Mn, V represent ferrous metallurgy enterprises; As,
Co, Cu, Ni, S, Zn are associated with enterprises of
the chemical industry. Without exception, all
industries pollute the environment and soil in
particular with sulfur.

Table 2

The content of elements in the soils of sanitary

protection zones of industrial enterprises, mg / kg
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According to the data of Sayet and Nesvizhskaya
[25], the permissible total content of heavy metals in
soils, based on general hygienic restrictions, is 23
mg / kg for Cu, 150 mg / kg for Zn, and 35 mg / kg
for Pb and Ni. As can be seen from the data
presented in Table 1, it is violated for 80% of the
soils of the studied cities for Cu; the excess of the
general hygienic limits for Zn was found only in the
most industrially developed regional center - the
city of Tula; for 90% of the cities the hygienic
standards for Pb were exceeded, in 30% of the
studied urban soils - by Ni.

According to the series of toxicity of elements for
mammals, it decreases in the series: Hg, Cd> Cu,
Pb, Co,> Mn, Zn, Ni, Fe, Cr [29].
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The average content of elements of the first hazard
class in urban soils was: Pb - 63 mg / kg, taking into
account the standard deviation, this value lies within
the threshold values of MPC. At the same time, the
MPC for the element was exceeded in 30% of the
studied urban ecosystems in urban soils (Table 1).

In the first place among the sources of Pb
contamination are emissions from vehicles followed
by metallurgical production, onwards machine
building, metalworking, construction, chemical
industry, municipal solid waste and sewage sludge.
The mortality rate of people living along highways
from cardiovascular and pulmonary diseases is 9-
13% higher than the average [30].

The average content of As, the element of the
hazard class 1, in the urban soils of the Tula region
is 5 mg / kg, that corresponds to the average values
in the soils of the world, but in 60% of cities an
excess of the MPC for the element in urban soils is
noted (Table 1). Arsenic is a highly technogenic
element close to Pb and Zn in technogenicity and it
enters the environment during coal combustion,
motor vehicles, cement production, coal coking, and
metallurgical and chemical industrial enterprises.
Once in the human body, it accumulates in the
tissues of the kidneys and liver, binds to hemoglobin
of erythrocytes, and affects the central nervous
system [30].

The content of Zn, the element of the hazard class 1,
in the studied urbanozems was 110 mg / kg (Table
1) and exceeded the average values in the soils of
the world by more than 2 times [31] and was on the
border of the MPC for the element, and was also
higher than the concentrations for functional use of
soils.

At the same time, an excess of MPC for an element
was observed in 30% of the studied cities and it was
the maximal 290 mg / kg in the regional industrial
center - the city of Tula (Table 1).

The average content of Cu, the element of the
hazard class 2, in the soils of urban ecosystems of
the Tula region was 54 mg / kg, that is 2 times
higher than the average values of the element for
soils in the USA and 2.7 times higher than the
average values in soils of the world, although it does
not exceed the upper limits of these concentrations
[32].

An excess of the MPC for the element by 3 times
was detected only in the soils of the regional center -
the city of Tula (189 mg / kg), that is associated
with the transfer of the element from the emission
sources - the metallurgical and defense enterprises
of the city with aerosol particles (previously, an
excess of one-time MPC for Cu in the atmospheric
air of the city [34]).
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The average content of Cr, the element of the hazard
class 2, in the soils of cities was 116 mg / kg and
exceeded the MPC in soils of 30% of the studied
urban ecosystems (Table 1). At the same time, the
content of the element in the soils of cities did not
exceed the upper limits of the value of the content of
the element in the soils of the world (200 mg / kg)
[24, 29], but it was higher than the critical
concentrations for the functional use of soils in the
Russian Federation and 2.2 times higher than the
average values for the element in the soils of the
United States [24, 33].

Chromium is contained in the dust of steel-making
furnaces, machine-building industries, and gas
emissions from thermal power plants.

In humans, an excess of Cr can cause various
diseases and syndromes: decreased glucose
tolerance, poor carbohydrate metabolism, increased
blood cholesterol levels and the formation of
cholesterol plaques from blood vessels, impaired
activity of the nervous system and decreased sperm
fertility, chromium dermatoses [29].

In 90% of the studied urban soils, including the soils
of the conditionally clean zone, the content of Co, a
highly toxic element of hazard class 2, 2-3 times
exceeded the MPC (Table 1). The average value of
the content of the element in the studied urban soils
was 11.2 mg / kg, that is 25% higher than the
average values for soils in the USA and 40% higher
than the average values for soils in the world [29].
An excess of cobalt can reduce the ability of the
thyroid gland to accumulate iodine [29], that leads
to the development of hypothyroidism; this is
exacerbated by a lack of iodine in water and food
products of the region and is a serious problem.

The sources of cobalt in the environment are
metallurgical and battery industries, coal ash,
production of nitric acid, dyes, sewage sludge and
solid waste incineration.

The average content of V, a highly toxic element of
hazard class 3, in urban soils of urban ecosystems is
53 mg / kg. This value fits into the world data for
large industrial cities. The MPC for an element was
exceeded in 40% of the studied urban ecosystems in
urban soils.

The source of vanadium in the study region is the
processing of vanadium-containing ores and ferrous
metallurgy (EVRAZ Vanadiy Tula, PJSC
Tulachermet).

The source of the element can also be waste from
thermal power plants operating on coal, machine-
building enterprises. It is an element that falls out
with aerosol deposition and can be transported by
air masses; it is a pollutant of atmospheric air of the
region [15, 16].
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As shown by the research results, the soils of all
sanitary protection zones (SPZ) of industrial
territories are contaminated with sulfur, the content
of which in the SPZ of industrial enterprises is in the
range of 451-1124 mg / kg, exceeding the MPC by
3-7 times (Table 2). Apparently, this element enters
the soil in the form of an anion of sulfuric acid
associated with cations - components of industrial
emissions, or in the form of atmospheric deposition
from sulfur oxides emitted during production.

The content of Co in the soils of the SPZ of
industrial enterprises is in the range of 5.2-19.6 mg /
kg in most of the studied soils, exceeding the MPC
by 1.5-4 times (Table 2). The largest contribution to
environmental pollution is made by chemical
enterprises in Novomoskovsk, plants in the
Yasnogorsk region: IEK metal-layer and chemical
plant Nedex; JSC Heavy industrial fittings Aleksin,
metallurgical industry of Tula: PJSC Kosogorsky
metallurgical enterprises (KME), PISC
Tulachermet, JSC Polema, "EVRAZ Vanadium
Tula"; Efremov Synthetic Rubber Plant.

Chemical enterprises in Novomoskovsk, the defense
(Weapon Plant) and metallurgical industry in Tula,
the Nedex chemical plant make the largest
contribution to arsenic environmental pollution; the
As content in the soils of the SPZ zones of these
industries is 34.8; 12.5; 7.8 mg / kg, respectively,
and is 1.5-5 times higher than the MPC limits (Table
2). Arsenic belongs to the elements of hazard class 1
and, according to the WHO, can cause lung cancer,
skin diseases, hematological effects, including
anemia, and it also suppresses the functioning of the
immune system.

Copper pollution is caused by the activities of such
enterprises as JSC Heavy industrial fittings,
chemical enterprises of Novomoskovsk, the Weapon
Plant, in the SPZ soils of which the copper content
is in the range of 93-234-1188 mg / kg and it
exceeds the MPC for the element (Table 2).

The data obtained correlate with the data on the
contamination with this element in aerosol
deposition in the regional center [34]. Copper is a
substance of hazard class 2 and in excessive
concentrations has a toxic effect on both plants and
the human body, accumulating in the liver, as a
result of which cirrhosis of the liver, hemolysis
(increased destruction of red blood cells), anemia,
and the formation of kidney stones can develop.
Excessive copper content in the body leads to the
development of diabete, vascular aneurysm, and
atherosclerosis. A variety of behavioral disorders
(attention  disorders, hyperactivity, emotional
instability) are common among young people [29].
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A high content of nickel and lead was noted for the
soils of the sanitary protection zones of the Weapon
Plant, where their content is 285 and 185 mg / kg,
respectively (Table 2). Since the deposition pattern
of lead is 3-10 km, the greatest contamination of the
element from the plant's emissions falls on a part of
the Zarechensky and Proletarsky districts of Tula
[34].

The content of V in the soils of the SPZ of industrial
enterprises is within the limits of the MPC,
however, a multiple excess of the MPC to 9 times
for this element in the sludge collector of PJSC
Tulachermet was noted.

The Zn content in the soils of the industrial SPZ
exceeded the limit standards only in 50% of cases.
At the same time, abnormally high concentrations of
Zn in the soil 40 times higher than the MPC are
observed in the SPZ of the Weapon Plant from the
side of the Proletarsky bridge (Table 2). Exceeding
the limits of the MPC was also detected in the soils
of the SPZ of metallurgical enterprises in Tula, JSC
Heavy industrial fittings (Aleksin), soils of the SPZ
of chemical enterprises in the city Novomoskovsk,
chemical plant (Aleksin), Kargil plant (Efremov).
Thus, enterprises of the metallurgical, chemical and
defense industries make the greatest contribution
with Zn to the soil pollution of industrial cities.

The most polluted by the whole complex of TM
SPZ near the defense industry enterprise is the
Weapon Plant (Tula). Due to the fact that near the
sampling site there is also a machine-building plant
and a road junction with a busy transport traffic
bridge, as well as a bus station, the contribution of
motor vehicle emissions and emissions from the
machine-building plant is not excluded.

The content of iron, which is an unstandardized
element in the soils of SPZ enterprises, is
abnormally high and ranges from 8171 mg / kg to
68306 mg / kg (Table 2). The content of the element
in the soils of metallurgical enterprises of the
regional center and enterprise of the defense
industry exceeds the clarke of the element for soils
by 1.6-1.9 times, respectively. They are the main
sources of urban soil pollution.

Iron can enter the atmosphere in the form of dust
particles when working in ore quarries, its source is
the enterprises of processing iron ore and ferrous
metallurgy, the metalworking industry, iron
foundry, which concentrates, in addition to iron, Pb,
Zn, W, Mo, Co, Cu, Ni, Cr, and Mn and is their
source in the atmosphere and soils [29].

The Mn content exceeded the MPC only in the soils
of metallurgical enterprises by more than 2 times.
The main source of the element in the urban
environment is the production of ferromanganese
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(PJSC KME). In the rest of the soil samples, no
excess of the MPC for the element was found (Table
2).

At the same time, an abnormally high content of Cr
(1260 mg / kg), Cu (1188 mg / kg), Ni (285 mg /
kg), Pb (185 mg / kg), Zn (4579 mg / kg) is
observed in the urban soils of the sanitary protection
zone of the industrial zone of the Weapon Plant and
the highway. Thus, a multicomponent geochemical
anomaly formed at a given sampling point can
contribute not only to an increase in the incidence of
human diseases, but also enter the soil solution and
be carried out into the runoff of the Upa River,
causing HM pollution of natural waters.

The soils of the sanitary protection zones of
metallurgical enterprises in Tula also have a high
degree of soil pollution with toxic elements: PJSC
Tulachermet, PJSC KME, JSC Heavy industrial
fittings of Aleksinsky district, chemical industry
enterprises in Novomoskovsk, which contribute to
air and soil pollution with As, Co, Ni, Pb, and Zn.
Most pristine of all the studied industries is the
Uzlovaya Machine-Building Plant.

The calculation of the concentration coefficients of
elements in the soils of urban ecosystems in
comparison with the background (Yasnaya Polyana
forest) showed that all urban soils are characterized
by a high degree of pollution S from 2 to 5.4 times
compared to the background values (Fig. 1, 2).
Urbanozems Uzlovaya> Kireyevsk> Shchekino,
Tula differed in the decreasing maximum sulfur
values. For most wurban soils, Cu and Zn
accumulation was noted compared to the
background from 2 to 8.6 times for Cu and from 2 to
3.7 for Zn. The most unfavorable situation for
pollution of Cu soils is observed in the cities of
Tula> Novomoskovsk> Aleksin. According to
monitoring data (Fig. 1), the situation with Zn has
been aggravated by a factor of 5 in the regional
center over the past 6 years; for Cu - 2.2 times,
which should be associated with the intensification
of the activities of enterprises in the defense,
metalworking, metallurgy and machine-building, as
well as chemical industries. Zinc and copper are
necessary for the human body elements that regulate
biochemical processes, but their excessive ingestion
and accumulation can cause a number of toxic
effects. Thus, the intake of zinc in the body at a
dosage above 150 mg can cause a decrease in
immunity due to the development of anemia (zinc is
a copper antagonist that regulates hematopoiesis
during absorption in the small intestine) or
neutropenia. Zinc in excessive concentration affects
the functioning of T-lymphocytes, causing a
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decrease in the body's immune response to bacteria
and viruses. In this regard, its high concentrations in
the environment, in particular in soils, are a threat to

public health, especially during periods of
pandemics.
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Figure 1. The concentration -coefficients of
elements in the soils of Tula (background zone
Yasnaya Polyana) comparison by years 2013-
2019

Noteworthy is the high Hg concentration coefficient
in the cities of Aleksin, Novomoskovsk, Tula, which
exceeds the background by 8.5-9 and 11.7 times,
respectively (Fig. 1, 2). Sources of mercury in the
environment can include chemical industry, non-
ferrous  metallurgy, machine building and
metalworking industries with heat treatment of
metals, waste from metallurgical industries, waste
water and municipal solid waste. Mercury is an
element of the first hazard class and, due to its
chemical properties, is a serious threat to the
population.

According to WHO, the main selective effects of
mercury on the body are: effects on the nervous
system, including short-term memory; impaired
sensory functions and coordination, renal failure,
mutagenic processes, genetic changes in the cells of
the body, harmful effects on the development of the
fetus, the development of birth defects. Possible
sources of the element in the environment in the
above urban ecosystems may include such
enterprises as Polema JSC, EVRAZ Vanadiy Tula,
Tulachermet PJSC, Metal Rolling Plant LLC,
Elektromash  JSC, Aleksinsky = Experimental
Mechanical Plant JSC , Aleksinsky factory of heavy
industrial valves, OJSC Novomoskovskogneupor,
Novomoskovsk  plant of metal structures,
Novomoskovsk  electrical installation  plant,
Pervomaisky plant of reinforced concrete products.
The concentration coefficient of Pb in most cities of
the region is from 2 to 4 and is maximum in the
regional center (Fig. 1, 2).
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Figure 2. The concentration coefficients of
elements in the soils of Tula region cities
(background zone Yasnaya Polyana)

Lead is an element of the first hazard class. Its
potential effects on the human body are: violation of
blood formation processes; damage to the liver and
kidneys; neurological effects, mutagenic processes,
genetic changes in the cells of the body, weakened
immunity. The source of the element in the
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environment is the enterprises of ferrous and non-
ferrous metallurgy, machine building and the
metalworking industry, municipal solid waste,
wastewater and motor emissions. Due to the high
traffic load in urban ecosystems, which is increasing
every year, the obtained coefficients are logical.

The total index of soil pollution in Tula region cities
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Figure 3. The total index of soil pollution (Zc) of
Tula region cities

The calculation of the total index of soil pollution in
the regional center - the city of Tula, showed that
over the past 6 years it has increased more than 2
times - from 16.4 to 39 (fig. 3). Urban soils of two
of the studied urban ecosystems - Tula and
Novomoskovsk are classified as dangerous; two -
Aleksin and Kireevsk - are classified as moderately
dangerous. According to the geochemical gradation,
a moderately hazardous category of soils (Z¢ = 16 ...
32) can lead to an increase in the general morbidity
of the population, hazardous (Zc =32 ... 128) - to an
increase in the general morbidity, the number of
frequently ill children, children with chronic
diseases, impaired functional state of the
cardiovascular system [25, 26]. 40% Urbanozems
of the studied cities in the region pose a threat to the
health status of the population and require the
selection of plants for their phytoremediation and
remediation measures.

A statistical analysis of the results of the study of
urban soils of the most polluted of the studied cities
of the regional center, revealed pair correlations for
the elements presented in Table 3.

Noteworthy is the high correlation coefficient
between the main element-pollutants of soil: Co-Cr,
Cu-Mn, Zn-Mn, As-Zr, As-Nb, Hg-Sr, which can be
associated in complexes.
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Table 3
Correlation value of elements in the soil of
Tula
Correlated pair of | R - correlation P- error
elements coefficient probability
Co-Cr 0,775 <0,001
Cu-Mn 0,986 <0,001
Zn-Mn 0,642 <0,001
Cu-Zn 0,676 <0,001
Ga-Mn 0,934 <0,001
Ga-Cu 0,931 <0,001
Ga-Zn 0,811 <0,001
Fe-Rb 0,546 0,003
As-Zr 0,853 <0,001
As-Nb 0,575 0,005
Zr-Nb 0,806 <0,001
Zr-Sr 0,743 <0,001
Nb-Sr 0,881 <0,001
Hg-Rb 0,547 0,003
Hg-Sr 0,657 0,001
Hg-Zr 0,556 0,003

4 Conclusion

Monitoring data on technogenic pollution of the soil
cover of urban ecosystems using an example of an
industrially developed model region of the Russian
Federation showed a high level of pollution of Fe,
Cr, As, Co, Ni, Pb, Zn, which form geochemical
anomalies of the urabanozems. The accumulation of
these elements in soils is associated with the
activities of metalworking, metallurgical, defense,
engineering, and chemical industries and their air
transport from pollution sources. In 40% of the
studied urbanized systems, moderately hazardous
and hazardous soil categories were identified by the
total pollution index. Living in such cities can lead
to an increase in the overall incidence, the number
of frequently ill children, children with chronic
diseases; disorders of the functional state of the
cardiovascular system. This is confirmed by the
general increase in the incidence of the population
in cities with geochemical anomalies of the soil
cover in recent years (by an average of 9%) [27, 28].
Over the past 6 years, the level of technogenic
pollution of a large industrial urbanized ecosystem
has more than doubled, which requires further
monitoring of the state of the soil cover,
development of methods to reduce the technogenic
load, as well as phytoremediation of soils with
geochemical anomalies from toxic elements.
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