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Abstract

Studying the ecological state of soil cover is essential due to its ecological functions in regulating

many of the environment’s components necessary for the population. The study aims to assess the

ecological state and level of soil pollution of the city of Ufa’s main functional zones. The study’s

relevance lies in the fact that Ufa is a large city with dynamically developing industrial production. Still,

so far, there have been no systematic studies on the pollution of city soils. Heavy metals, mainly in a

diffused state, can form local accumulations, where their concentration is hundreds and thousands of

times higher than the average planetary levels. The soil acts as a powerful accumulator of heavy metals

and the initial link in the migration of pollutants along the ground trophic chains. A method for studying

the level of urban soil pollution presented in this study may be applied in large manufacturing cities.
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Introduction

Soil is a depositing medium capable of accumulating
high concentrations of elements. Various anthropogenic
(industrial and transport emissions) and natural (soil-
forming processes) sources affect the composition
of soils and their self-restoring ability [1]. The most
susceptible to pollution are urban soils with disrupted
natural self-cleaning processes. In this regard, it is
necessary to monitor urbanized territories’ soil cover
and identify pollution sources [2].

Among the most critical components, the city’s soil-
plant cover occupies a special place. The soil cover

*e-mail: minigazimovnai@rambler.ru

takes on the pressure of the flow of industrial and
municipal emissions and waste, acting as a buffer and
detoxifier [3]. The soil accumulates heavy metals (HM),
pesticides, hydrocarbons, and other chemical pollutants,
thereby preventing their entry into other natural
environment objects (water bodies, atmospheric air).
Other substances in their original or transformed form
are bound by the soil’s mineral and organic substances,
which dramatically reduces their availability to plants
[3].

Identified risks to human health due to the release
of polycyclic aromatic hydrocarbons into the soil from
polluted air in the Yangtze River Delta (China) [4].
Measured the magnetic susceptibility of soils between
the rivers Indus and Ganges [5]. Determined the degree
of soil contamination in Colombo (Sri Lanka) geological
and biological indicators, considers the anthropogenic
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activity to be the primary source [6, 7] gave a
bioecological assessment of the soils of Annab, which
is a major industrial center of Algeria. He considers the
reason for the technogenic pollution of soils to be the
metallurgical plant Al-Hajar. In the emissions of these
plants, heavy metals predominate. The high content
of HM was noted in the soils of the Paramo region
(Colombia) under the mining industry’s influence [§].
A group of Brazilian scientists studied the features of
HM’s accumulation in roadside soils of Rio de Janeiro
[9], related to traffic volume and distance from the
highway. The assessment of soil pollution by toxic
elements was performed [10] for the southern regions
of the capital of Egypt — Cairo. The issue of toxic
pollution of soils of the Ojcuv National Park, located
near Krakow (Poland) [11] is of interest. The Russian
scientists Kasimov et al. [12] calculated the critical
loads of benzo(a)pyrene on the soils of the Eastern
District of Moscow. Their calculation made it possible
to reliably predict soil pollution dynamics and develop
measures to clean them. Michael [13] emphasizes the
need to manage sulfate-acid soils to reduce agricultural
land pollution.

The rationing of HM’s maintenance in the soil is
severe due to the impossibility of fully considering
all the factors determining their concentration and the
form of accumulation [14].

To establish the nature of the changes in the soil-
plant cover’s ecological state due to anthropogenic
impact, it becomes necessary to organize systematic
monitoring of toxicants’ content in the soil.

The content of HM in the soil and drinking water
has a significant impact on the health of the population,
especially in those places where their levels increase
due to geochemical and technogenic factors [3].

For a complete study of the situation in Ufa’s natural
environment and its environs, it seems necessary to
conduct studies of the content of pollutants in soils.

Ufa is the Republic of Bashkortostan, one of
Russia’s largest cities with a population of more
than 1,120 thousand people, an important industrial,
transport, economic, cultural, and scientific center of
the Russian Federation. One of the key branches of the
city’s industry is oil refining. The city is located on the
Belaya river banks (the largest tributary of the Kama
River), at the mouth of the Ufa and Dema rivers, near
the conditional border between Europe and Asia, one
hundred kilometers west the Ural mountains.

Ufa is stretching from the south-west to the north-
east for more than 40 kilometers. Ufa’s city is located
in the Northern forest-steppe zone, which includes the
watershed of the Ufa and Belaya rivers and the southern
outskirts of the Ufa plateau. The soil distribution within
the city is closely related to the nature of the vegetation,
the composition of the rocks, climate, topography,
and the degree of development of humans’ territory.
In connection with Ufa’s position within the northern
and typical forest-steppe, the zonal soil types here are
gray and dark gray forest soils, bleached and leached

chernozems. The first and second ones are developed
mainly on the watersheds, terraces, and gentle slopes
of the Belaya River’s right bank and elevated relief
elements of the left bank, and the latter on the floodplain
terraces of the left bank.

Materials and Methods

The study objects were samples of the surface
soil layer of the main functional zones of the city
of Ufa in the Kirov, Dema, Lenin, Soviet, October,
Ordzhonikidze, Kalinin districts.

Sampling locations are preliminarily marked on a
map showing the structure of the urban landscape. The
test site should be located in a place typical of the study
area [15,16]. The most common method for sampling
mixed soil samples is the envelope method. In this case,
the sampling points are arranged in the form of a sealed
envelope (the length of the figure’s side can be from
2 to 5-10 m) [17].

Heavy metals were determined by atomic absorption
spectrophotometry.

The soil was extracted with carbon tetrachloride,
and its content was estimated using a concentrator to
determine the petroleum products.

The integrated assessment of the ecological state
of soils in Ufa’s city was carried out according to
the methodology for assessing the level of chemical
pollution of soils.

The method’s universality is that soil samples’
selection and investigation are performed according to
Interstate Council for Standardization, Metrology, and
Certification [18]. In many countries, identical sampling
methods and integrated assessment of the soils’
ecological conditions are used.

Soil research was carried out in the Kirov, Lenin,
Kalinin, and October districts of Ufa. The control of
rural areas is Buzdyak and Kushnarenkovo.

The soils of the territory of the PCE and around
them contain heavy fractions of petroleum products
with a concentration of 4645.0 mg / kg (exceeding the
background more than 15 times), a-methyl styrene
(@-MS) — 1.99 mg/kg (MAC - 0.5 mg/kg), toluene
— 0.78 mg/kg (MPC — 0.3 mg/kg), benzene —0, mg/kg
(0.3 MPC), gasoline — 0.29 mg/kg. Moreover, at a
distance of 3-10 km, soil pollution by heavy fractions of
petroleum products is significantly less — 194 mg/kg by
more volatile fractions (toluene, benzene, gasoline) — at
about the same level.

The dispersion distance of hydrocarbons typical for
enterprises is more than 10 km, with the highest content
of a-methyl styrene in soils at a distance of 1 and 8 km.

Results

In the summer season of 1991, the Ufa Research
Institute of Hygiene and Professional Diseases continued
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to study soil cover in Ufa’s same areas. Sampling was
carried out in the spring on the residential territory of
the city of Ufa and the Ufa region. In June, samples
were taken in gardens and orchards.

The average arithmetic concentration of metals is
based on the results of 3+7 combined samples. At first,
the results were compared with the MPC value, i.e., the
hazard coefficient (KO) was determined, which is the
main criterion for the hygienic assessment of the risk of
soil pollution with harmful substances.

The lead content in the soil everywhere exceeded
the MPC. The significant pollution was observed
in the Kirov district (KO = 3.8), in Zelenaia Roscha
(KO = 3.0) and Zaton (KO = 2.1). In the second half of the
summer, the same areas' hazard factors were equal: 3.8,
1.8, 8.6, respectively. In Zaton, in individual samples,
an excess of the MPC for the lead was observed by
16-22 times (Akhmetova St.). In the Kirov region,
maximum pollution is recorded at the corner of
Vorovskii St. and 81, Frunze St., 81 to 6.8 maximum
concentration limits, and along 40, Pushkin St., — up
to 6.7 maximum concentration limits. Other metals:
increased zinc content in Zelenaia Roscha, Kirov
District, and Zaton, respectively: 2.1; 1.8; 1.4 MPC in
the spring. By the end of summer in the Kirov region
2.4 MPC, in Zaton 1.5 MPC, in Sipaylovo 1.5 MPC.
There was an excess only in ZelenayaRoscha and
Sipaylovo 1.2 MPC (average values) for a nickel.

The studies show that there was a decrease in soil
pollution with volatile aromatic hydrocarbons during
the study period, the concentration level of which is
comparable with the MPC values. Ufa's soil pollution
by heavy petroleum products is 2-36.5 times higher
than their content in the control region — in the Shulgan-
Tash nature reserve of the Burzyan district. There

Table 1. The analysis of soil samples for the content of HM, 1994.

is a ubiquitous presence of benzo(a)pyrene in the
soil — from the reserve to Ufa's suburban zone, where
1.5 and 143 MPC respectively are determined.

The studies were conducted on various city sites,
city parks, squares, and industrial sites of enterprises.
The data are summarised and shown in Table 1.

The oil refining enterprises, petrochemical,
chemical, and energy industries are concentrated mainly
in the northern part. Table 1 shows that when moving
from less polluted territories of water intake facilities
to city squares, parks, beaches, and sections adjacent
to highways, industrial enterprises of the northern part
of Ufa, there is a significant excess concentration of
HM soil. During the study, samples were taken, and
analyzes were performed for the content of eight HM
— Lead (Pb), Cadmium (Cd), Mercury (Hg), Zinc (Zn),
Chromium (Cr), Arsenic (As), Selenium (Se), Cesium
(Cs). According to Saet et al. (1990), the HM data are
assigned to hazard classes 1 and 2. The entire study
area can be divided into five zones: residential (1),
residential and transport (1/t), transport (t), industrial (i),
recreational (r), and water protection (w/p).

Soil sampling points are shown in Table 2.

Exceeding the MPC Hg throughout Ufa’s entire city
is not observed; the maximum value is 0.78 mg/kg on
the ZolotyiePeski Beach in the Kirov District [3, 19].

No significant pollution of Cd and Hg was detected
on Ufa’s territory; however, taking into account
the increased risk of environmental pollution due
to the widespread use of new generation lighting
fixtures, monitoring of mercury pollution is required.
Throughout Ufa, samples were found that exceeded
the MPC Cr, the average content was two times higher
than the MPC, and the maximum was six times. The
high toxicity of this metal creates the preconditions

HM content in the soil, mg/dm?
Place of selection Zone
Cu Zn Pb Cd
Water intake facilities
(conditionally background section) ;
— interval of change in the content of HM 28 +6 8119 7.6+2.8 0.61 +0.64
Arithmetic average 27.2542.56 81.75+£3.74 6.57£1.78 0.67+0.04
City parks, squares, beaches:
— interval of change in the content of HM r 36+17 140+50 10+7 0.6+0.4
Arithmetic average 35.86+4.22 127.85+14.5 10.03+1.89 0.55+0.1
City roads:
— interval of change in the content of HM t 40+13 113447 12+4 0.67+0.35
Arithmetic average 39.5+2.82 112.0£9.6 12.024+0.95 0.65+0.08
Oil refineries and thermal power plants: — interval of
change in the content of HM i 42+18 165475 19+13 0.9+0.6
Arithmetic average 41.20+2.88 156.2+15.6 15.49+2.98 0.75+0.12
0JSC ,,Ufahimprom”
— interval of change in the content of HM i 50420 240+£150 20+15 0.944+0.64
Arithmetic average 45.22+4.48 210.55+32.8 15.79+3.82 0.74+0.18

Note: ,,i” is an industrial zone, ,,r”’ is a recreation zone, and ,,t” is a transport zone.
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Table 2. Points and location of soil sampling.

Kirov district Dema district Lenin district Soviet district | October district Ordzl;;r:;?dze Kalinin district
Points and location of soil sampling
5. Kolpinskai- 13. Crossing 15. Crossing of
1. Tram ring astr., maternity | 7. Crossing of Kra- | fMingazhev | 50-let SSSR and .. 28. Neftyanikov
« . . . . . 17. Kalinin park
Zelenaya Ro- | hospital terri- | sin and Gafuri str. | and Ibragimov | October Avenue, 54797064 Park
scha” 54.719039, tory 54.733994, Str. square 56' 040350’ 54817871,
56.006779 54.702742, 55.931954 54.739087, 54.755905, ’ 56.090904
55.833592 55.973348 56.004866
. 16 Sipaylovo, .
2 (;r(.)ssmg of 6. Dema water 8 Qver th? Belaya 14 Yakutov center, crossing 18 Klnderggrten 29. Shaksha,
Validi and Vo- . River bridge to . territory, Tima- .
rovskii sir intake Zaton park of Gagarin and shevo settlement Selskaia str., 4

v : 54°44°4"N 54.740082, Rylskii str. Y 54.767679,
34.715023, 55°53’17"E 34.762543, 55951218 54.767679 34.837147, 56.071341
55.957811 55.958662 ' ’ ’ 56.148836 '

56.071341
3. Southern water 9. Beach “Sa- 19 Left bank of | 30. Northern water
intake fronovskaiapristan” Chernushka river intake
54°41°31"N 54.760599, 54°50°34"N 54°49°1”N
56°1°35”E 55.975252 56°8’14”E 56°13’10"E
4. Beach ““ Zolo- . . 20 Landfillbe- 31. Inors,

. . 10. Railway station . . . .
tyiepeski 54747319 hindbitumenpits Tsymlianski-
54.663745, 55' 949513’ 54.878833, istr, 24 54.773537,
55.979634 ’ 56.165737 56.112585

11. Construction 21 JS,,C Khl.m_ 32. Territory of
. prom”, building | Thermal power
Materials Plant .
54745067 200 station-2
55’ 91 1379’ 54.838257, 54.788286,
’ 56.097796 56.119340
22. Industrial
12 School Ne 22. Site Territory
(Nizhegorodka) JSC “Ufaorgsin-
54.741680, tez” (north)
55.914042 54.890655,
56.089256

23. Territory of
Thermal power
station-4
54.843637,
56.089149

24 Terri-
tory of JSC
“Ufaneftekhim”
54.925883,
56.073019

25. Territory of
Thermal power
station-3
54.869841,
56.090969

26. Territory of
JSC “Ufa Oil
processing plant”
54.843974,
56.089163

27. Between
city landfill and
Kazanka village

54.905204,
56.052062
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for an in-depth study of the causes of increased soil
pollution in Ufa. Particular attention should be paid to
water protection zones, relatively prosperous for other
studied components. It was found that the MPC exceeds
the Pb content in the industrial zone in the territory

of Ufakhimprom OJSC by 4.3 times. Exceeding the
permissible content of Zn in the soil is established in
places of heavy traffic and the zone of influence of the
woodworking enterprise. Zn pollution is maximal in
the residential zone, and city traffic flows and exceeds
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Fig. 1. Concentration of pollutants in soil samples in the range of 0-8.0 mg/kg.

180
A
160 === Cu (copper)
* et Co (cobalt)
140 2
I\ == nitrate
150 e chloride
Rl
£ 100 il Se (selenium)
: | V1
2 "
§ 80 \
2
2 60+
g
z
@ 40
20
A,
L]
0 — T T T T — T T T T T T T T T T
1 23 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Sample points
Fig. 2. Concentration of pollutants in soil samples in the range of 0-180.0 mg/kg.
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Fig. 5. Map of Ufa with sampling sites and a total pollution indicator Zc.

industrial zones’ level. A significant level of Cd and Cr
in recreational areas also requires the determination
of pollution sources, rehabilitation of soil cover, and
cleaning beaches. One of the reasons for pollution is
sand washed in the Belaya River, near the industrial
zones of Ufa [3, 19, 20].

Sample analysis results are shown in Figs 1-4.

In 2010, the State Unitary Enterprise Research
Institute of Life Security staff in the Republic
of Bashkortostan carried out an engineering and
environmental survey of the most polluted territory of
the city of Ufa — the industrial site of Ufakhimprom
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OJSC. It determined the content of organic pollutants in
the soils.

Ten wells with 10 m were drilled, 100 soil samples,
and ten groundwater samples were taken to determine
pollutants’ penetration depth into the lower soil
horizons. Also, 155 point samples at a depth of 5-10 cm
were taken from the enterprise’s entire territory [21].

The soil of the territory of Ufahimprom OJSC is
contaminated with chlorobenzenes (14.3 kg/kg). The
significant concentration is explained by the fact that the
company was specialized in producing organochlorine
synthesis products.

Also, the enterprise’s territory is contaminated
with heavy oil products; their concentration reaches
45.8 kg/kg.

The integrated assessment of the ecological state
of soils in Ufa’s city was carried out according to
the methodology for assessing the level of chemical
pollution of soils [26].

The result of an integrated assessment of the
ecological state of soils in the city of Ufa is a map
showing the total Zc¢ indicator throughout the city

(Fig. 5).

Discussion

The data from the study of the soil cover of Ufa’s city
are compared with the data from large industrial cities
in the world. The soil studies of the cities of Colombo
(Sri Lanka), the city of Annaba (Algeria), the city of
Rio de Janeiro (Brazil), the city of Cairo (Egypt), and
the city of Krakow (Poland) showed that the primary
source of HM in the soil of cities is city transportation.
In Russia, the most interesting are soil pollution studies
by scientists Kosheleva N.E., Kasimov N.S., who have
calculated the critical loads of benzo(a)pyrene on soils
of the Eastern District of Moscow. It allows reliable
prediction of the dynamics of soil pollution and the
development of measures to clean them.

As for cadmium, its excess is observed in
comparison with the background content. So, cadmium
concentration in the recreational zones’ soils ranged
from 1 to 3.77 mg/kg with a background content of
0.3 mg/kg. The amount of 1.58 mg/kg of cadmium was
found in a soil sample taken on the Khimprom industrial
site territory at workshop No. 31. At an old landfill near
the territory of Khimprom OJSC, the concentration of
cadmium was 1.46 mg/kg; cadmium was also found in
the soil of collective gardens (from 0.97 to 1.45 mg/kg).

Of other metals, attention should be paid to the
increased chromium content in soil samples; in the
Kirov, Soviet, and Ordzhonikidze districts of the city,
an increase in zinc and copper concentration was noted.
The data obtained in the city of Ufa is consistent with
the results of studies obtained in other world regions.
Namely, soils experience the most technogenic load in
large chemical, petrochemical, and energy industries,
and near city streets with heavy traffic. The authors

indicate Cd, Zn, Pb, Cu, Cr, benzo(a)pyrene as elements
with the most vital anthropogenic contribution.

Conclusion

Studies have shown that the development of
industry and increased traffic have led to mechanical
disturbance and pollution of the soil cover of Ufa’s
city with chemicals. This circumstance exacerbates
the city’s existing environmental disadvantage, leading
to pollution of surface runoff, soil cover, groundwater,
underground and surface water sources.

On the territory of the city of Ufa, there is an
increase in the content of a carcinogenic substance
hazardous to public health — benzo(a)pyrene and
HM (lead, cadmium). The standards are significantly
exceeded in the content of copper, zinc, chromium in
the soil.

In the city of Ufa, benzo(a)pyrene was found
everywhere in soil samples. Its content was higher
than the MPC (209 and 277 mg / kg with a
MPC = 20 mg/kg) in two of them. The widespread
distribution of benzo(a)pyrene requires an in-depth
study of this problem and the development of special
measures to combat this environmental pollutant.

Lead and cadmium were also found in all samples,
but their content was mainly lower than the MPC.
Still, in one of the 32 samples studied (the territory
of Khimprom OJSC), lead was detected in the
amount of 138.48 mg/kg with an MPC of 32.0 mg/kg
and one sample, also on the territory of the industrial
site of JSC Khimprom, higher than the MPC
(3576 mg/kg). Although the cadmium content in all
soil samples does not exceed the MPC, its content
over almost the city’s entire territory is higher than the
background. It indicates the presence of technogenic
pollution of the urban territory with cadmium.
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