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Abstract

Introduction. River bottom sediments are a significant link in the biogeochemical cycles of water bodies and an accumulator
of pollutants. The purpose of this study is to assess the level of heavy metal pollution of river sediments within the coal-mining
arcas of the East Donbass (Rostov Region, Russian Federation) to assess the potential risk for the population using surface
water as a source of water supply. Methods. It is suggested to use the pelitic fraction for a more accurate assessment of the
heavy metal pollution level of river sediments. It is proposed to use the average continental shale concentration as a baseline
value for the pelitic fraction. Contamination factor (C), degree of contamination (C,) and geo-accumulation index (/,, ) were
used to assess the degree of heavy metal pollution of the bottom sediments in the East Donbass rivers. Results. Studies of the
chemical composition and the level of bottom sediments pollution in the East Donbass rivers showed that the concentration
values of heavy metals vary greatly. Assessing the degree of heavy metal pollution of the river sediments in the East Donbass
allows us to classify them mainly as moderately contaminated (uncontaminated to moderately contaminated). At the same time,
the level of river sediments pollution in the Seversky Donets basin is generally lower than that in the Tuzlov basin. Conclusion.
The results will be used to improve the system for assessing water and bottom sediments quality in the region as well as
evaluate the environmental risk to public health. Although the results showed a moderate level of heavy metal contamination
of the East Donbass rivers sediments, the potential hazard of secondary pollution of the aquatic environment with metals
deposited in sediments remains. Pollution of water and river bottom sediments is directly linked to the potential risk to public
health because these rivers are used as sources of drinking water for towns and countryside.

Keywords: river bottom sediments, pelitic fraction, heavy metals, degree of contamination, geo-accumulation index, rivers of
the East Donbass, coal-mining areas.

AHHOTAIIUS

Beenenne. [[oHHbBIE OTIIOKEHHS SIBIISIIOTCS BAYKHBIM 3BEHOM OMOT€OXMMHUYECKHUX LIUKJIOB B BOAHBIX OOBEKTAX U ACTIOHUPYIOLIEH
Cpe/oi 3arpsI3HSIONMX BelecTB. [{enb HacTosIIero neeieJoBaHus — OLIEHKA YPOBHSI 3arPsI3HEHHOCTH TSDKEJIBIMH METaJlIaMH
JIOHHBIX OTJIOKEHMH PEeK B Ipeiesax YIICHNpOMBIIUIEHHbIX Tepputopuii Bocrounoro JlonbOacca (PoctoBckas o0nacts,
P®) ju1s1 OleHKM MOTCHIMAIBLHOTO PUCKA JUIS HACEJICHMsI, UCIIONB3YIOLIEro MOBEPXHOCTHBIC BOJBI B KAQ4EeCTBE MCTOYHHKA
BoztocHaOxeHust. MeTobl. [1J1s1 0osiee KOpPEKTHOW OLIEHKH yPOBHS 3arPsI3HEHHOCTH TSDKEJIBIMH METaJUIaM¥ JIOHHBIX OTI0XKEHUH
PEK IPEIOKEHO UCIIONIB30BaTh MEMTOBYIO (pakiyio. B kauecTBe ycinoBHOTO (OHA JUIsl ETMTOBOH (paKiiy MpeyiaraeTcst
HCIIOJIB30BaTh KJIApKU DIIMH M IIMHUCTBIX CJIAHIEB. JJI1 OLICHKH CTENEeHH 3arpsi3HEHHOCTH TSKEJIBIMU METaJUIaMH JIOHHBIX
omioxkennii pex Bocrouroro JlonGacca HCIONB30BAHBI CIICYIOINE OOLICIPHHATHIC MToKasaTeni: (akrop sarpssuenus (C),
crenenb 3arpsazHeHus (C,) 1 MHACKC T€0aKKyMYJISIUHI JOHHBIX OTIOKEHHH (]gm). Pesyabrarsl. [IpoBeneHHble UcCIIe0BAHMS
XHMHYECKOTO COCTaBa M YPOBHS 3arps3HEHHsT IOHHBIX OTIIOKeHHH pek Bocrounoro Jlonbacca nokasay, 4To KOHIEHTPALuK
TSDKEJIBIX METaJUIOB B HUX BapbUPYIOTCS B IIMPOKHX Hpenenax. OLeHKa CTENeHN 3arpsi3HEHHOCTH TSKEIBIMU MeTalllaMu
JIOHHBIX OTIOXKeHHH pek Bocrounoro /lonbacca Mo3BOJISET OTHECTH MX MPEHMYILECTBEHHO K YMEPEHHO 3arps3HEHHBIM (0T
HH3KOTO JI0 yMepeHHoro). [Ipy 5ToM ypoBeHb 3arpsi3HEHHs JOHHBIX OTIIOKEeHHH pek B Oacceiine CeBepckoro J[oHIa B 1esiom
HIDKe, 4eM B Oacceiine Tysnosa. 3akiaiouenne. [ToyueHHble pe3yabrarsl OyayT HCIIOIB30BAHBI IIPU COBEPIICHCTBOBAHNH
CHCTEMBI OLICHKH Ka4eCTBa BOJIbI M JIOHHBIX OTJIOXKEHHUI B PETHOHE, @ TAKIKE JUIsl OLICHKH HKOJIOTMYECKOTO PUCKa JUIs HACETICHMSI.
HecMmoTpst Ha TO YTO HOJyYCHHbIE PE3YJIBTaThl II0KA3aJIM YMEPEHHBIH YPOBEHB 3arpsI3HCHUS] TSDKEJIBIMUA METaJIaMU JIOHHBIX
omiokeHuit pex Bocrounoro Jlonb6acca, coxpaHsieTcs: MOTEHIMAIbHASI OACHOCTh BTOPUYHOTO 3arps3HEHHs] BOAHOM Cpembl
MeTaJUlaMH, JIeIOHUPYEMBbIMH B JIOHHBIX OTJIOXKEHHSIX. 3arps3HEHHE BOABI M JIOHHBIX OTIOKCHUH PEK HANpPSMYIO CBS3aHO
C HOTEHIMAILHBIM PHCKOM JUIS 37I0POBbsI HACEICHHS, IIOCKOJIbKY JIAHHBIEC BOJOTOKU HCIOJB3YIOTCSl B KAYECTBE MCTOUYHHKOB
ITUTHEBOTO BOZOCHA0KEHHUSI TOPOJIOB M ITOCEITKOB.

KuroueBble ciioBa: JOHHBIC OTIOKCHHS, IICJIUTOBAas (PaKUus, TDKEIbIE METAJUIbl, YPOBEHb 3arpsi3HEHHUS, WHIEKC
re0aKKyMyJsiuH, peku Bocrounoro Jlonbacca, yrienpoMbIIuIeHHbIE TEPPUTOPHHL.
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Introduction

River sediments in the biogeochemical systems
of freshwater bodies have great and specific
significance. They mainly determine the direction
of various processes and affect the biogeochemical
cycles of substances inside the water body. As is
known, river bottom sediments play a dual role: they
are both an accumulator of pollutants and a source of
secondary water pollution under certain conditions
[11, 15]. Lately, the concentration of various
pollutants in river sediments has been an order of
magnitude higher than their concentration in the
water due to an increasing anthropogenic impact on
river ecosystems. This is especially true for areas
with developed industries [14].

The river sediments contamination problem is,
on the one hand, local (point sources of technogenic
pollution are identified by the level of bottom
sediments contamination), but on the other hand, it
is observed in river basins globally.

For example, elevated concentrations of metals
are observed in the stream sediments of headwater
catchments of the Han River basin, China, within
the area with mining/smelting enterprises. Scientists
studied the 18 metals/metalloids (Ag, As, Ba, Cd,
Co, Cr, Cu, Mn, Mo, Ni, Pb, Sb, Sn, T1, U, V, Zn, and
Hg) content in the river sediments and discovered
elevated concentrations of Hg and Sb caused by
mining and smelting activities [16].

Researchers from Portugal [2] examined the
influence of the Panasqueira Mine (Portugal) on
stream sediments and river water. This research
permits a better understanding of the dynamics of
some elements distribution (mainly As, but also Cu,
Pb, Zn, and Cd) in the surrounding environment. The
mining and beneficiation processes at the Panasqueira
Mine are called the main reason for the elevated
contents of As, Cu, Cd and Zn for most stream
sediments and river water within the surrounding
area. A study of the mineral composition of river
sediments confirms that the pollution is associated
with the influx of the mine waste.

Elevated concentrations of arsenic and heavy
metals (Cd, Cr, Cu, Fe, Mn, Pb, and Zn) are also
found in stream sediments within an agricultural
catchment of Lebanon, Northeastern USA [7]. The
authors suggest that increased concentrations and
distribution of these elements in river sediments
are associated with a combination of weathering

processes on the bedrock geology, and anthropogenic
activities.

Researchers from Iran [8] studied the content of
Cu, Zn, As, Cd, Pb, Fe, Ni, Cr, Co, and Sr in the
river sediments of the Haraz River (Iran) at several
sampling sites. The level of sediment contamination
was estimated using enrichment factor (EF), geo-
accumulation index (Igeo), and pollution index (]pall).
The results of metal content assessment showed
higher concentrations of Cd, As, Sr and Pb in the river
sediments when compared with their background
content in the crust and shales.

The main source of metal contamination of the
Siran River sediments (Pakistan) is not a specific
source of pollution, but the anthropogenic activity in
the research area in general [10].

Similar problems are also observed in the
catchment areas within the mining territories of
Russia such as the Kuznetsk and Kizelovsky coal
basins, Taldy-Dyurgun coal deposit (Altai Republic)
and within the area of abandoned mines of the
Russian Far East, etc.

The East Donbass, which is located in the west
part of the Rostov Region (in the south of Russia)
is a natural geochemically anomalous zone. Natural
complexes within the East Donbass have been
affected by negative anthropogenic impact for
several decades primarily due to the coal mining
industry facilities. The most significant negative
environmental consequence is the release of highly
mineralized mine water to soil and into river waters
[4, 15].

Small rivers are the most affected. A huge amount
of heavy metals enters the rivers with mine waters,
including compounds of iron, manganese, strontium,
copper, and also sulfate ions. The chemical
composition of both water and river sediments
changes, and the mineralogical composition of the
bottom sediments is also transformed. Therefore, it
becomes important to evaluate their qualitative and
quantitative composition as well as the possibility of
pollutants migration from river sediments into the
water.

Objects and methods of research

Studies of river sediments of the East Donbass
were carried out in the period from 2014 to 2019.
The rivers of the Seversky Donets basin (Kalitva,
Kundryuchya, Bystraya, Likhaya, Bolshaya
Gnilusha, Bolshaya and Malaya Kamenka rivers)
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and Tuzlov basin (Bolshoy and Maly Nesvetay,
Ayuta, Grushevka, Kadamovka and Atyukhta
rivers) were selected as the objects of the study
because these basins are subject to different levels of
anthropogenic impact.

Special attention was paid to the small rivers of
the region as they have the low self-cleaning ability
and are a sensitive indicator of the general ecological
state of the catchment areas.

A sampling of river sediments was carried out
in points located in the headwaters or areas outside
the zone of significant anthropogenic influence and
in the lower reaches of the rivers to assess the total

impact of various technogenic pollution sources on
the catchment areas, as well as in the areas with coal-
mining industry facilities (existing and abandoned
mines, places of mine water discharge, etc.). The
layout of the sampling points is shown in Figure 1.
Several samples (usually from 3 to 5) were taken
in each sampling point due to the heterogeneity of
river sediments. The sampling was carried out from
the upper layer of 10-20 cm. It is assumed that
the pollutants in this layer of sediments will most
actively interact with the surface water. The samples
were taken along the transverse profile of the river
on small watercourses and near the water edge in

>

\ e
. o
kS SRYersky Dones &
A N >
Donetsk ot A . g /
A DTS = @\Kamensk-Shakhtinsk "
I-'h A, \efo j3) y
RN [ 1
{ Al N TA
* = N i ' IS
: I @ Beldya Kalitva g
Ukraine .= An 5
! Q
/ A " %
i v A Likhaya
A _Zverevo
—— R et
\ . g A N
)t \ IS 9 .
X
1 Krasny Sulin
| e 4‘%
e 4 2 A\ (A
/ A %
AR A N N /{J/
= A A AA N %
P A A\,
Novoshachtinsk 4 & & >
A A e 2,
N " Z A %
A a E ~e 4 g
= 4 454, SHakhty,
S 5\ §¢ . Ust-Donetsk @,
% A S g |3 5
2. <~ 2 <) S o)
O/;} g <@ /~\ g 1]
4 ol E\‘
A
@ovocherkass
<% N
T“Z]OV ]
N
\ﬁ’@
v

Rostov-on-Don
@

Legend
_ sampling points
of river sediments

[i] -coal-mining facilities

Location of Eastern Donbass
on a map of Russia

Figure 1. Layout of river sediments’ sampling points of the East Donbass rivers
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places of visible sediment accumulation on medium
and large rivers.

Sampling for geochemical studies was carried
out with a bottom grab sampler. The mass of the
taken river sediments from each sampling point
varies from 1000 to 1500 g. After a morphological
description, the samples of river sediments were
reduced to a dry condition. Then, we carried out a
grain size analysis of the samples and determined
the mineral composition of the extracted fractions.
The samples prepared in this way were sent to the
laboratory for heavy metal content analyses by
atomic absorption spectrometry using a Kvant-2AT
atomic absorption spectrometer.

A number of calculation methods were used
to assess the degree of contamination of the river
sediments in the East Donbass: contamination
factors and degree of contamination proposed in
[5] and geo-accumulation index Igeo proposed in [6].
Despite the fact that these criteria were developed
many years ago, they have been widely used in
recent years [1, 3, 8—-10].

Degree of contamination (C)

This method proposed by Hakanson is based on
the calculation for each pollutant of a contamination
factor (C). Contamination factor (C) is the ratio of
the element concentration in the studied sediments
to its pre-industrial or baseline content [5], which is
calculated by the following formula (1):

Cx
Cr= <, (1)
where

C, is the element content in the contaminated
sediments,

C, is the average clarke or baseline content of the
element.

Concentration factors of studied elements are
used in calculating the degree of contamination (C),
whose formula (2) is given below:

8
Cq=2Cy. 2)
i=1

There is a descriptive scale that correlates the
obtained values with the qualitative characteristics
to assess the level of contamination of the studied
sediments. In case of using the data on 8 elements,
the values of the degree of contamination can be
categorized according to Hékanson (1980) into
four degrees as follows: C, < 8 (low degree of

contamination), 8 < C, < 16 (moderate degree of
contamination), 16 < C, < 32 (considerable degree
of contamination) and C, > 32 (very high degree of
contamination).

Geo-accumulation index (Ige )

The geo-accumulation index (Igw) proposed
by Miiller (1969) was used to estimate the degree
of sediments contamination by elements in terms
of 7 enrichment classes based on the increasing
numerical values of the index. This index is
calculated according to formula (3):

CX
I, =lo , 3
g0 TR275.C, ©)

where

C, is the element content in the contaminated
sediments,

C, is the average clarke or baseline content of the
element.

Afactor of 1.5 is introduced to minimize the effect
of possible variations in the background values of
the element content in bottom sediments. The scale
for assessing the level of sediments pollution by
the geo-accumulation index is presented in Table 1.
It is noteworthy that in this descriptive scale, there
are also intermediate gradations characterizing the
transition from one state to another in addition to
the main ones (low — moderate — high — extremely
high) of the level of pollution. The I, values of the
studied elements are assigned the corresponding
value of the 7, class. The characteristics of the
river sediments quality for the sampling point or the
river are assigned according to the minimum and
maximum Igw class values, for example, “0-3” class
is matched to “from uncontaminated to moderately
to strongly contaminated” sediment quality.

Taking into account the fact that the river
sediments of the Seversky Donets and Tuzlov River
basins are characterized by a large variety of grain
size distribution with a predominance of poorly
sorted sediments, it is preferable to use not gross
samples, but the pelitic fraction (up to 0.01 mm)
extracted from them in order to compare the degree
of sediments contamination in different rivers. This
is justified for a number of reasons. Firstly, the
pelitic component dominates the vast majority of
sediments samples. Secondly, the pelitic fraction
is the main carrier of the most elements. Thirdly,
being in the most prolonged contact with the aquatic
environment, the pelitic fraction stores information
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Table 1
Descriptive scale for the geo-accumulation
index (/) [1]

geo

Level of contamination / Designation

L., class of sediment quality

ge
0 <0
1 0-1

1 value
geo

Uncontaminated

Uncontaminated to moderately
contaminated

1-2 Moderately contaminated

2-3 Moderately to strongly contaminated
Strongly contaminated

Strongly to extremely contaminated
Extremely contaminated

[ N L9 N =N JUSH B \S)

about its state for a long time. And, finally, when
studying the pelitic fraction of river sediments
in the East Donbass region, we comply with the
sample uniformity, which is the basic requirement in
comparative geochemistry.

It is proposed to use average continental shale as a
baseline metal concentration for the pelitic fraction.
In particular, the average content of elements in
shale according to [12] was chosen for this work.

Results and discussion

As previous studies have shown, the bottom
sediments of most East Donbass rivers in terms of
grain size distribution are represented by poorly
differentiated psammite-silt material. At the same
time, the sand component predominates (12-92%, on
average 54%) in the river sediments of the Seversky
Donets basin and the clay fraction prevails in the
river sediments of the Tuzlov basin (34-76%, on
average 65%). It is confirmed by the data presented in
Figure 2, which shows the position of the figurative
points of sediments in a certain field of the Sheppard
diagram. It is seen that the river sediments of the
Tuzlov basin are more concentrated in the transition
zone from sand to clay (silt), while the sediments
of the Seversky Donets rivers are characterized by
a more heterogeneous composition [4].

The river sediments of the Seversky Donets basin
have the following chemical composition (according
to analyses of 76 samples): the iron content varies
from 5500 to 26,600 mg/kg, manganese — from
170 to 4000 mg/kg, nickel — from 13 to 300 mg/kg,
zinc — from 42 to 300 mg/kg, chromium — from
36 to 150 mg/kg, copper — from 15 to 100 mg/kg,
lead — from 10 to 57 mg/kg, and cobalt — from 5
to 50 mg/kg. The main components of the chemical

composition of the bottom sediments in the Tuzlov
basin (according to analyses of 74 samples) are the
same metals: iron content varies from 14,800 to
39,200 mg/kg, manganese — from 414 to 3400 mg/kg,
chromium — from 91 to 840 mg/kg, zinc — from
43 to 300 mg/kg, copper — from 17 to 200 mg/kg,
nickel — from 22 to 116 mg/kg, lead — from 10 to
107 mg/kg and cobalt — from 7 to 28 mg/kg.

Iron prevails among other elements in the
chemical composition of the sediments in terms
of absolute contents. The content of manganese is
an order of magnitude lower than the content of
iron. Other metals contents are even lower than the
content of manganese. In general, we can claim
that the concentration of metals in the sediments of
the Tuzlov basin rivers is higher than in the river
sediments of the Seversky Donets basin. First of all,
this fact is due to a higher anthropogenic load in the
Tuzlov basin and a greater negative impact of man-
made mine water, which will be discussed in more
detail below.

Degree of contamination (C ) and contamination
factor (C Y,

Contamination factors (C /) for each element were
calculated for the East Donbass rivers, the sum of C ’
gives the degree of contamination (C ) of sediments.
The calculation results of these indicators are shown
in Table 2.

Table 2 shows that for the Seversky Donets basin,
contamination factors exceeding 1 are noted for the
following metals: lead (for all rivers); manganese
(for 4 rivers); zinc (for 5 rivers); cobalt (for 4 rivers),
etc. It should be noted that no excess of baseline
concentrations (average shale concentrations) was
detected for iron. On average, the largest values in
the basin are noticed for Pb (1.7), Mn (1.3), Zn (1.2),
and Co (1.1); the Cfvalues of the remaining elements
do not exceed 1.0.

It can be seen (Table 2) that there is a certain
difference between the distribution of elements in
sediments for rivers of the Seversky Donets and
Tuzlov basins. Chromium prevails (the average C ”
value is 2.7) for sediments of the Tuzlov basin and
its contamination factor values are exceeded for all
seven rivers. The values of contamination factors
also exceed 1 for the following metals: lead (1.5)
for 6 rivers, copper (1.4) for 3 rivers, zinc (1.3) for
5 rivers, manganese (1.2) for 2 rivers (Table 2). In
general, the values of contamination factors as well
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as the degree of contamination of sediments for the
rivers of the Tuzlov basin are higher than the values
for the Seversky Donets basin.

Geo-accumulation index (Ige )

Geo-accumulation indices (/) calculations
(Table 3) show that among the rivers of the Seversky
Donets basin, Bolshaya Gnilusha is the most polluted
river. The values of the 7, index characterize the
level of pollution with elements as “uncontaminated
to moderately contaminated” for 5 elements and
“moderately contaminated” for manganese. For
other rivers, deviations from the “uncontaminated”
state are observed for 1-2 elements. These deviations
are the most frequently observed for lead. The level
of river sediments pollution within the Seversky
Donets basin with heavy metals can be generally
assessed as “uncontaminated”.

The values of the geo-accumulation index are
generally higher for the river sediments of the
Tuzlov basin than for the sediments of the Seversky
Donets basin, especially for chromium (Table 3).
The majority of the river sediments samples
within the Tuzlov river basin are characterized as

Sand

100

“uncontaminated to moderately contaminated” or
“moderately contaminated” sediments. The most
polluted sediments are observed at sampling points
of the Atyukhta and Grushevka rivers. There are
deviations from the ‘“uncontaminated” sediment
quality by three elements in these samples.

Thus, when comparing the descriptions of the
contamination levels of river sediments obtained
using Russian and international indices, it can
be seen that, in general, they are quite similar.
The sediments of the Kalitva, Bystraya, Seversky
Donets rivers in the Seversky Donets basin and
the Kadamovka river in the Tuzlov basin are the
least polluted. The most polluted sediments belong
to the Bolshaya Gnilusha and Grushevka rivers.
In general, the level of river sediments pollution
within both basins is characterized as “moderate”
(according to the degree of contamination indicator),
“uncontaminated” or transitional “uncontaminated
to moderately contaminated” (according to the geo-
accumulation index). However, at the same time,
metal contamination of river sediments is lower for
the Seversky Donets basin than for the Tuzlov basin.

@ - Seversky Donets river Basin

@ - Tuzlov river Basin

Clayey Silt

Silty Clay o &8

N

Silt 100 90 80 70 60 50

40 30 20 10

Figure 2. Grain size distribution of the East Donbass rivers sediments [4]
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Table 2
Contamination factors (C) and degree of contamination (C ) of the river sediments in the East
Donbass
) Contamination factors (C)
River s C
Fe | Co | Mn | cu [ Ni [ Pb | zn Cr ‘
Seversky Donets river basin
Bolshaya Kamenka 0.5 1.2 1.3 1.0 1.0 24 1.3 1.0 9.8
Malaya Kamenka 0.4 1.0 0.8 0.9 0.8 22 1.3 0.9 8.3
Likhaya 0.4 1.9 2.1 1.4 1.4 1.5 1.4 1.0 11.1
Kalitva 0.3 0.5 0.4 0.5 0.5 1.2 0.6 0.6 4.8
Bystraya 0.4 0.7 0.7 0.7 0.5 1.5 0.9 0.8 6.2
Kundryuchya 0.4 1.2 1.3 0.8 1.0 1.9 1.3 1.0 9.0
Bolshaya Gnilusha 0.4 1.9 3.2 1.5 2.6 1.6 2.2 1.3 14.6
Seversky Donets 0.1 0.3 0.3 0.4 0.3 1.0 0.9 0.5 3.8
Average (for the basin) 0.4 1.1 1.3 0.9 1.0 1.7 1.2 0.9 8.5
Tuzlov river basin
Bolshoy Nesvetay 0.6 0.7 2.0 0.7 0.6 1.4 0.9 1.5 8.5
Maly Nesvetay 0.6 1.2 2.0 0.7 1.2 1.2 1.2 3.2 11.2
Ayuta 0.7 0.7 0.7 1.0 0.8 2.7 1.3 4.0 11.7
Atyukhta 0.7 0.7 0.5 1.3 0.9 2.0 1.6 3.0 10.7
Grushevka 0.8 0.9 2.1 1.6 1.0 1.3 1.5 4.7 13.8
Kadamovka 0.6 0.6 0.7 0.6 0.6 1.1 0.7 1.3 6.2
Tuzlov - 1.1 0.8 39 0.8 0.9 2.1 1.1 10.7
Average (for the basin) 0.7 0.8 1.2 1.4 0.8 1.5 1.3 2.7 10.4
Note: the color indicates the level of pollution of river sediments: green corresponds to low degree; yellow — to moderate degree.
Table 3
Geo-accumulation index (Igeo) of metals in the river sediments of the East Donbass
Geo-accumulation index (/)
River & I class
Fe | Co | Mn | Cu | Ni | Pb | Zn | Cr &0
Seversky Donets river basin
Bolshaya Kamenka —-1.53 —0.38 —0.18 —0.53 —0.56 0.69 —0.16 —0.58 0-1
Malaya Kamenka -1.79 —-0.65 -0.87 —-0.80 —0.84 0.53 |-0.16 -0.70 0-1
Likhaya -1.78 0.31 0.51 —0.11 —0.10 —0.01 —0.06 —0.62 0-1
Kalitva —2.54 —1.46 -1.76 —1.48 —1.58 —0.29 -1.21 -1.32 0
Bystraya -1.98 —-1.01 —-1.15 -1.02 —-1.51 —0.04 —0.78 —0.84 0
Kundryuchya -1.74 -0.37 —0.18 —0.83 —0.60 0.37 —0.22 —0.63 0-1
Bolshaya Gnilusha —-1.83 0.36 1.08 0.02 0.80 0.05 0.52 -0.22 0-2
Seversky Donets -3.35 -2.11 -2.57 -1.95 —2.44 —0.53 —0.76 -1.70 0
Tuzlov river basin
Bolshoy Nesvetay -1.36 —1.08 0.40 —1.11 -1.21 —0.07 —0.77 0.02 0-1
Maly Nesvetay —1.41 -0.37 0.41 —1.05 —0.38 —0.33 —0.33 1.09 0-2
Ayuta -1.10 -1.17 —-1.17 —0.66 —0.96 0.85 —0.26 1.41 0-2
Atyukhta -1.03 -1.12 —1.45 —0.22 —0.76 0.40 0.10 1.00 0-2
Grushevka —0.96 —0.75 0.46 0.10 —0.60 —0.16 —0.01 1.63 02
Kadamovka -1.37 —-1.34 —-1.14 -1.27 -1.29 —0.50 —-1.08 —0.18 0
Tuzlov — -0.51 —0.87 1.37 —-0.89 —0.78 0.49 -0.43 0-2

Note: the color indicates the degree of contamination of river sediments according to the Igeﬂ value: green corresponds to
uncontaminated sediments; yellow — to uncontaminated to moderately contaminated sediments.
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This heterogeneity in the level of contamination
of the river sediments of the two basins is rather due
to the level of technogenic impact from coal mining
enterprises than to the environmental conditions.
The influence of mine water is more explicit within
the Tuzlov basin.

There is a greater number of active and abandoned
coal mines in the Tuzlov basin, and the total outflow
of mine water is more than 8 times greater than in the
Seversky Donets basin. Thus, according to [13], the
Tuzlov tributaries are subject to an annual discharge
of'up to 363,375 tons of various pollutants, including
macrocomponents such as sulfates, sodium and
potassium ions, chlorides and hydrocarbons,
and microcomponents such as iron, manganese,
copper, strontium, aluminum, etc. This is several
times higher than the total amount of components
discharged with mine water in the Seversky Donets
basin (42,128 tons per year).

The negative impact of mine water causes a
decline in the river water quality of the studied basins
[14]. The water quality is matched to the 4™ (dirty
or very dirty water) and 5" (extremely dirty water)
quality classes used in Russia on a five-grade quality
scale. This contradicts our results in assessing the
level of river sediments pollution. However, such
difference can be explained by the fact that when
assessing water quality, the maximum available
concentrations (MAC) of substances established
for all river basins in Russia are used. These MACs
are applied equally to areas with different climatic
conditions and specifics of anthropogenic impact
on the environment. Meanwhile, when assessing
the level of river sediments pollution, regional
background concentrations of elements or clarkes
are applied. Using different evaluation criteria and
baseline concentrations leads to such discrepancies
in the results. This once again shows the need to
review and control the MAC-concept used in Russia.
It is necessary to introduce the basin principle using
the background geochemical characteristics of the
individual watersheds when assessing water quality
and bottom sediments, as it has been done in many
European countries for many years.

We also need to note that despite the fact that
the obtained results demonstrate a moderate level of
contamination of the East Donbass river sediments,
the potential hazard of secondary pollution of the
aquatic environment by metals deposited in the

river sediments remains. Pollution of water and
river sediments is directly related to the potential
risk to public health because these streams are used
as sources of drinking water for towns and in the
countryside. Hydroecological risk increases not only
with a decline of river water quality but also with an
increase in the population (with an increase of the
demographic load on the river basins) [15].

That is why our further research will be developed
in the direction of assessing the risk to public health
and the risk to irrigation and agriculture because
the studied region is one of the leading agricultural
regions of the Russian Federation.

Conclusions

The results of the studies show that the
chemical composition of the river sediments in the
technologically disturbed geosystems of the East
Donbass (within the basins of the Seversky Donets
and Tuzlov rivers) is characterized by a similar set of
elements (heavy metals). Their concentrations vary
greatly. The highest content in the river sediments
of both basins is observed for iron and manganese,
the lowest — for lead and cobalt. In general, the
concentration of metals in the river sediments for
the Tuzlov basin is higher than that for the Seversky
Donets basin.

An assessment of the contamination level of river
bottom sediments with heavy metals was carried
out using various indicators (C, and Igm). The low
pollution level was revealed for the majority of rivers,
at the same time, on average for the Seversky Donets
basin, the level of bottom sediments contamination
is lower than that for the Tuzlov river basin, which is
associated with a more intense anthropogenic load.

The results of using various approaches to
assessing the river sediments contamination level are
quite comparable. However, the low contamination
level of river bottom sediments is not consistent
with the high level of river water pollution within
the technologically disturbed geosystems of the
East Donbass. This can be explained by the use of
different evaluation criteria for two interconnected
environments: baseline concentrations (clarkes) for
river bottom sediments and MAC for the river waters.

These new data can be used for the development
and improvement of the regional system for the
assessment of the water quality and bottom sediments
contamination level. The results will be applicable
for assessing the environmental risk for a population
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that actively uses river water as a drinking water
source and for technical purposes.
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