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ABSTRACT

In the course of the study, the following tasks were solved: determining the level of oil products and their spatial
distribution in surface waters and bottom sediments of the Tura River, studying the features of the accumulation
of oil products in bottom sediments in different sections of the Tura River, as well as the effect of storm and melt
water contaminated with oil products within the coastal boundaries on the general background of pollution, cal-
culated by the approximation method the distance at which the maximum permissible concentration for the Tura
River would be reached, gave recommendations on the preservation of the object under study. The research was
carried out in the laboratory of the Tyumen Industrial University. The analysis of samples for the content of oil
products was carried out by the fluorometric method on a fluid analyzer “Fluorat-02—2M”. The results of the study
indicate the need to monitor surface waters and toughly respond to insufficient compliance with the standards for

the protection of surface waters and bottom sediments within the city of Tyumen.
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INTRODUCTION

One of the main and important problems of
the modern world, which must be resolved in a
radical way, is the widespread pollution of water
bodies and watercourses on Earth as a result of
anthropogenic influences.

This is especially important for those water
bodies that cities use for the intake of water for
household and drinking needs, as well as for the
provision of technological processes of enter-
prises. Each region of Russia is faced not only
with an ecological, but also with a social problem,
such as the state of intracity water bodies.

The class of anthropogenic sources that have
a negative impact on the quality of natural waters
and bottom sediments includes various plants and
factories, enterprises of the chemical, metallurgi-
cal, woodworking, food and processing indus-
tries, river and water transport, municipal waste
dumps in urban areas located near the reservoir

as well as roads and railways passing over or
along water bodies. Some anthropogenic sources
discharge their untreated sewage, contaminated
with oil products, garbage and various kinds of
waste into the water area of the Tura River and
other water bodies of the city of Tyumen. Also,
unorganized runoff from the adjacent territories
of residential areas of the city and already pol-
luted groundwater also adversely affects the hy-
drological, hydrobiological and hydrochemical
regime of the river in the city of Tyumen.

Oil pollution of a water body leads not only to
a decrease in the content of dissolved oxygen in
the water, as a result of which the process of self-
purification of a water body slows down, but also
leads to the death of waterfowl, fish, a reduction
in the species of flora and fauna, and undoubt-
edly has a detrimental effect on the urban popula-
tion (Fordyce 2013). In this connection, the as-
sessment of the current state of water bodies in
the city of Tyumen is of current importance. In
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particular, the Tura river is strategically important
for the city, because it is one of the sources of wa-
ter supply for the population, which makes the as-
sessment of surface water and bottom sediments
more significant.

The aim of the work is to study the features of
the distribution and accumulation of oil products
in the “water — bottom sediments” system to de-
termine the level of technogenic pollution in the
Tura River within the residential area of the city
of Tyumen.

MATERIAL AND METHODS

Tura is a large river, the left tributary of the
Tobol River, its length is 1030 km. The main
part of the river flows in the Sverdlovsk region,
in the Kushvinsky, Nizhneturinsky, Verkhotur-
sky, Alapaevsky, Turinsky and Slobodo-Turinsky
districts. The direction of the river is east. Set-
tlements on the shore: Vologina, Kosolmanka,
Privokzalny, Verkhoturye, Krasnogorskoe, Ust
Salda, Kordyukovo, Bolotovskoe, Sonkino, Zhu-
kovskoe, Shukhrupovskoe, Turinsk, Pushkarevo,
Sladkovskoe, Turinskaya Sloboda, Ust-Nitsins-
koe, Kamenka, Kulakovo, Chulakovo.

At the top of the catchment area, massive-
crystalline effusive and intrusive rocks predomi-
nate; in the middle of the path, sandy-loamy soils
with a small amount of sandy loam predominate.
In the lower part of the catchment area, mostly
sedimentary sandy loam rocks prevail. The soil is
podzolic, sometimes there are wetlands. Closer to
the southern wing, sod-podzolic and gray forest
soils prevail. Not far from the city of Nizhnyaya
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Fig. 1. Territorial diagram of the location of
the investigated object, the river Tour
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Tura, in the upper reaches of the basin of the Nei-
va and Tagil rivers, there are karst phenomena.

The swampiness of the Tura River is increas-
ing from the western part to the eastern and is
about 20%. The lakes are located mainly in the
mountainous part of the river, and in the interfluve.

One of the features of the river’s hydrochemi-
cal regime is the increased content, the increased
content of organic matter and iron, as well as
manganese, zinc and copper. The water in the
Tura River is steadily polluted. Water quality in
the sections of the city Tyumen corresponds to
the class “extremely dirty”. Mainly the Tura river
is polluted with phenols, oil products, nitrogen
compounds, heavy metals.

RESULTS

The object of the study is the Tura river with-
in the urban area. The length of the study area is
12 km. To conduct a study and study the dynam-
ics of the accumulation of oil products in bottom
sediments and surface waters of a water body
within the residential area, samples were taken
in September from 2017 to 2020. Each year, 12
water and bottom sediment samples were taken
along the Tura river bank.

And also for a more complete picture of the
pollution of the water body, we took 12 samples
of snow cover at the same points as the samples
of water and bottom sediments. Snow sam-
pling was carried out in late February — early
March 2020, 2021 (Wang et al., 2018). Sam-
pling of snow cover was carried out in accor-
dance with GOST 17.1.5.05-85. “Protection
of Nature. Hydrosphere. General requirements
for sampling of surface and sea waters, ice and
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Fig. 2. Location of observation posts on the Tour river
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atmospheric precipitation”. The sampling sites
for bottom sediments, water and snow cover are
shown in Figure 3.

The research was carried out in the labora-
tory of the Tyumen Industrial University. The
studies were carried out as follows: Filtered wa-
ter samples with a volume of 100 ml were intro-
duced into a separating funnel with a capacity of
250 ¢cm?. Using a pipette, we took 10 cm® of hex-
ane, rinse the vessel containing the sample with
it and place this hexane in a separatory funnel.
We extract the sample by shaking it vigorously
for 3 minutes. Next, let the solution settle until
the interface appears on the surface. We separate
the detached layer from the remaining sample and
transfer it to the cuvette, having previously rinsed
it with a hexane solution. Then we transfer the
cuvette to the Fluorat-02—2m liquid analyzer and
carry out the measurement. We collect the water
phase in a graduated cylinder and accurately re-
cord its volume.

As a comparison of water quality, we used
the maximum permissible concentration for wa-
ter bodies of public utility value and the maxi-
mum permissible concentration for water bodies
of fishery significance. To represent the dynamics
of pollution, we used the results of the study of
samples of surface and bottom sediments of the
Tura River, carried out in 2011 at the Tyumen
State University of Architecture and Civil Engi-
neering. The results of analyzes on the content
of oil products in the surface waters of the Tura
River for 2017-2020 are presented in Figures 4—8
(Chemagin, 2020).

As aresult of the analysis of the data obtained
during the study of the content of oil products in
surface waters, we observe a significant excess of
MPC.b (0.3 mg/dm?®). The maximum concentra-
tion of surface water pollution by oil products ex-
ceeds the MPC by more than 300 times (Gordeev
et al. 2014). The highest concentration of pollu-
tion is observed at points 4, 6, 8 and 11. It should

be noted that in comparison with the samples
of 2011, over 7 years, the amount of oil prod-
ucts in the surface waters of the Tura River has
increased several times, 3-8 times, and at point
2 — in 50 times due to the turn of the river bed
(Chemagin, 2020)

At the points where the maximum concentra-
tion of surface water pollution is observed, vari-
ous anthropogenic sources were a possible factor
causing such pollution. Research of oil products
in bottom sediments is necessary, since they are
considered as an indicator and objects of moni-
toring the ecological state for a long period of
time. Samples were taken at the same time as
surface waters.

The results of studies on the content of oil
products in the bottom sediments of the Tura Riv-
er (Figure 9) showed similar results with the con-
tent of oil products in surface waters. In bottom
sediments, the values varied from 6.67 to mg/kg
to 421.6 mg kg. We also observe that the content
of oil products in bottom sediments is quite high,
which may indicate the accumulation of oil prod-
ucts by bottom sediments.

Studies of the effect of snow cover (melt wa-
ter) on the dynamics of the growth of oil products
in water and bottom sediments in the Tura River
have shown that oil-contaminated snow cover
during the snowmelt period can increase the con-
centration of oil products in water and further in
bottom sediments, thereby making its negative
contribution to the total Tura river pollution back-
ground (Chemagin, 2020).

Investigations of surface waters and bottom
sediments for the content of oil products of the
Tura River have shown a stable dynamics of the
growth of pollution with these substances. At the
same time, the content of oil products in bottom
sediments exceeds their concentration in water,
which indicates the accumulation of this pollut-
ant by them (Soliman et al. 2018).
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Fig. 3. Sampling points of water, bottom sediments and snow cover of the investigated object of the Tour river
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Fig. 4. Content of oil products in the surface waters of the Tura River for 2017
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Fig. 5. Content of oil products in the surface waters of the Tura River for 2018
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Fig. 6. Content of oil products in the surface waters of the Tura River in 2019

226



Journal of Ecological Engineering 2021, 22(11), 223-229

Concentration of oil products

Concentration of oil products

iw/dm3

Concentration of oil products
u/dm3

25

12020

21,1

1 2 3 4 5 6 7 8 9 10 11 12 max.
allowable

concentrat

Sample number

Fig. 7. Content of oil products in the surface waters of the Tura River for 2020
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Fig. 8. Comparative content of oil products in the surface waters
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Fig. 9. Comparison of the content of oil products in the bottom
sediments of the Tura River for 2011 and 2017-2020
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Fig. 10. The content of oil products in the melt waters of the snow cover on the Tura River for 2020-2021

CONCLUSIONS

Investigations of surface waters for the con-
tent of oil products of the Tura River showed a
stable dynamics of the growth of pollution with
these substances. At the same time, the content
of oil products in surface waters indicates a long-
term accumulation of this pollutant. It should be
noted that the waters of the Tura River are trans-
boundary. Thus, after analyzing the data obtained
on the surface waters of the Tura River for a nine-
year period, it can be concluded that the intensity
of pollution of this reservoir is increasing and,
compared with the data of previous years, the
concentration of oil production has higher values.
As a result, some parts of the river can be classi-
fied as “hazardous”.

In this regard, our side offers the following
recommendations:

e To conduct annual environmental monitor-
ing of the state of surface waters and bottom
sediments of the Tura River within the city of
Tyumen.

e [t is necessary to respond to non-compliance
with the norms for the protection of surface
waters and bottom sediments within the city
of Tyumen.

e [t is necessary to inform the population by in-
stalling information boards about the reaction
to non-observance of the norms for the protec-
tion of surface waters and bottom sediments
within the city of Tyumen.

e to abandon the intake of water for household
and drinking needs and switch to the intake of
water from underground sources.
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e Reducing the anthropogenic load on the water
body by reducing the use of recreational ac-
tivities in the reservoir and in the immediate
vicinity of the coastline.
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