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Abstract. Self-purification from heavy metals (Cu, Ni, Pb, Zn, Cd and Cr) was assessed in the
estuary area of the one of the largest river ecosystems in the European territory of Russia — the
Northern Dvina River estuary. The conditional degree of self-purification of river waters and
bottom sediments for winter and summer is calculated. It is noted that the highest values of
self-purification of river waters are observed in winter for Cu (54%), Pb (25%), Cd (67%), Cr
(82%), and in summer — Zn (44%) and Ni (50%). It was found that the processes of migration
of Ni, Zn and Pb from bottom sediments to water predominate in winter, while in summer this
process is typical for Pb, Cd and Cu. The index of river water pollution in the seasonal
dynamics of heavy metal content was established.

1. Introduction

Studying the natural potential of rivers by determining the intensity of their self-purification processes,
along with determining the levels of pollutants in the water components, is one of the main criteria for
regulating the anthropogenic load on the water ecosystems of rivers used for economic and drinking
purposes [1]. One of the most toxic and widespread pollutants of present day is heavy metals, which
are capable of active migration, transformation and bioaccumulation [2, 3]. The presence of heavy
metals in the environment leads to a number of adverse impacts. Until the impacts are dealt with,
health and mortality problems break out, as well as the disturbance of food chains [4, 5]. The problem
of heavy metal contamination of reservoirs and watercourses is particularly acute in the Northern
regions of our country [6].

The Northern Dvina River estuary is located in the Arkhangelsk region within the North of the
European part of Russia (EPR). This region is characterized by increased vulnerability associated with
the prevailing specific climatic conditions that determine the flow characteristics. So in the summer, in
high temperatures, there is an activation of chemical and biochemical processes, while in the cold part
of the year, they slow down. Under these conditions, water ecosystems require more time to self-clean
and restore to their original state after the cessation or significant weakening of anthropogenic impact
[7]. Thus, all this determines the relevance of the research, the results of which can be used in practical
activities for making management decisions in the field of restoration of water ecosystems.

The purpose of the study is to assess the self-cleaning ability of the river ecosystem from heavy
metals to determine the current ecological state of the Northern Dvina River estuary.
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2. Materials and methods
The Northern Dvina River, with a length of 750 km and a basin area of 357 000 km?, is one of the
largest rivers in the North of the European territory of Russia. Of particular interest is the Northern
Dvina River estuary area, which is a complex hydrochemical object that is affected, on the one hand,
by the salty waters of the White Sea due to wind-surges processes, and on the other — by the
anthropogenic impact of a large transport and industrial hub formed by the cities of Arkhangelsk,
Novodvinsk and Severodvinsk [8]. Here, the main pollutants of the aquatic ecosystem include
enterprises of the forestry, engineering, fuel and energy complex, as well as discharges and emissions
from public utilities and transport [9, 10].

The geography of research covers a vast area of the lower reaches of the river from the confluence
of the Pinega River to the delta maritime edge and the south-eastern part of the Dvina Bay of the
White Sea. The research was conducted at 16 sampling stations (figure 1).
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Figure 1. The sampling stations on the Northern Dvina River estuary.

The materials for this work were selected samples of river water and bottom sediments to
determine the content of heavy metals of the priority group — Pb, Cd, Cu, Ni, Zn and Cr. The research
was conducted in the summer and winter periods of 2016-2017 years. This report is part of a long-term
geochemical research conducted by research scientist of the Department of physical geography,
ecology and nature protection of the Institute of Earth Sciences of the Southern Federal University
under the Professor Yu.A. Fedorov in the Northern part of the European territory of Russia [11-14].
During the study period, the total number of river water and bottom sediment samples studied was
more than 100.

The total and dissolved forms of heavy metals in the river water were determined by the atomic
absorption method with electrothermal atomization of samples according to the method guidance
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document of the Hydrochemical Institute Ne 52.24.377-95 "Mass concentration of metals in waters".
The total metal content in bottom sediments was analyzed using the x-ray fluorescence method on the
SPECTROSCAN MAX-GV.

The total degree of self-purification of the river ecosystem from heavy metals was calculated using

the formula: CC = 100(“;‘“" )

and final range of the site [15].

To compare the degree of self-purification of river water and bottom sediments, is used the relative
CCbs
CCwater’

degree of self-cleaning of river water [16].
Water pollution index was used to assess water quality in the Northern Dvina River estuary:
Ci

WPI=% 1 e N the number used of indicators, C; — the actual content of the pollutants, MPC —

maximum permissible concentration (Cu — 1,0 pkgl'l; Ni—-10; Zn-10; Pb—-86,0; Cd— 0,5 u Cr—20

ukgl™) [17].
Statistical data processing was carried out by the programs "Microsoft Excel".

, CC — degree of self-cleaning, %; C; u C;— metal content in the initial

purification index: OKC =

CCys — degree of self-cleaning of bottom sediments, CCyyer —

3. Results and discusses
Studies have shown that the maximum degree of self-purification of water in winter is observed for Cu
(54%), Pb (25.0), Cd (67), Cr (82%), and for bottom sediments — Zn (42%) and Ni (56%) (figure 2).
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Figure 2. The degree of self-purification of river waters and bottom sediments of the Northern Dvina
estuary in the seasonal dynamics of heavy metal content.

It should be noted that during the research period (february-march), the Northern Dvina River
estuary was covered with ice, which excludes the entry heavy metals into the river ecosystem with
atmospheric precipitation and runoff [18]. It is possible pollutants come from anthropogenic sources to
the aquatic ecosystem through an atmospheric channel. This fact is supported by the results of
previous studies [19], when extremely high concentrations of the total dissolved form of lead (118.9
ugl™) and cadmium (0.41 pgl') were determined in the thawed snow in the area of operation of
thermal power plants against of trace and low concentrations of these metals found at other stations.

It is the sequence of decreasing the self-purification of the river water from heavy metals in winter
— Cr> Cd > Cu > Pb > Ni > Zn and bottom sediments — Ni > Zn > Pb > Cd > Cu > Cr. It can be seen
that these two ranked sequences are mutually inverted relative to each other.
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In summer the maximum self-purification of water is observed for Zn (44%) and Ni (50%), and
bottom sediments — Cu (37%), Pb (90%) and Cd (75%). In the degree of self-purification level of river
water from heavy metals in the summer period can be represented as Ni > Zn > Cu > Cd > Cr > Pb and
bottom sediments — Pb > Cd > Cu > Zn > Cr > Ni. As in the previous case, there are two similar
sequences in the opposite orientation.

It should be noted that high rates of self-purification of river waters are typical for Cu both in the
cold season and in the warm season, despite the fact that the concentration of this metal in the river
water of the estuary of the Northern Dvina exceeds MPC throughout the river by 4-20 times. Also,
MPC exceedances are noted for Cr (2-3 times) — in the channels and branches of the Northern Dvina
Delta and Zn (6-17 times) — in large enterprises of the woodworking industry [19, 21]. But for Cr, a
high degree of river water purification was detected in winter, while for Zn, this indicator was higher
in summer. Thus, despite the fact that the ecosystem of the Northern Dvina River estuary region
functions in conditions of high concentrations of a number of metals, this section of the river is
characterized by a high self-cleaning capacity in different seasons of the year.

Interpreting the values of the relative self-cleaning coefficient for metals (figure 3), it was found
that the degree of self-cleaning of bottom sediments is higher than the degree of self-cleaning of water
in summer than in winter.
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Figure 3. The relative index of the degree of self-purification of the Northern Dvina River estuary
from heavy metals.

The processes of migration of Ni, Zn and Pb from bottom sediments to water predominate in
winter, while in summer this process is typical for Pb, Cd, and Cu. According to the ranked series of
decreasing intensity of migration of heavy metals from bottom sediments to river water in the warm
season (Pb > Cd > Cu > Cr > Zn >Ni) and cold season (Ni > Zn > Pb > Cd > Cu > Cr), the most
mobile metal is Pb, and Cr can be attributed to inert elements. The behavior of other metals is most
likely determined by seasonal differences in the sources of metals entering the water, changes in
physical and chemical parameters, and other processes [20].

To assess the quality of river water in the Northern Dvina River estuary, the water pollution index
was calculated, according to which it was established that in winter there is a class 3 water quality,
polluted water (water pollution index = 2.7), and in summer — a class 4 water quality, dirty water
(water pollution index = 4.3). The low level of water pollution index indicates that the winter period is
the most favorable for the processes of self-purification of river water from heavy metals, since during
this period additional sources of heavy metals entering through the atmospheric channel and surface
runoff.
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4. Conclusion

It is established that a high degree of self-purification of water is observed in winter for most of the
studied heavy metals. Thus, in winter, the maximum self-purification of water is observed for Cu
(54%), Pb (25%), Cd (67%), Cr (82%), and for bottom sediments — Zn (42%) and Ni (56%); in
summer, a high degree of self-purification of river water is observed for Zn (44%) and Ni (50%), and
bottom sediments-Cu (37%), Pb (90%) and Cd (75%). These processes are confirmed by high values
of the relative self-purification coefficient for a number of metals that actively migrate from bottom
sediments to river waters. The most mobile metal is Pb, while the inert elements include Cr.

It was found that high rates of self-purification of river waters are typical for Cu both in the cold
season and in the warm season, despite the fact that the concentration of this metal in the river water of
the estuary of the Northern Dvina exceeds the maximum permissible concentrations throughout the
river throughout the year.

It is determined that for the ranked series of the degree of self-purification of river waters and
bottom sediments from heavy metals, the values are inverted relative to each other, which indicates
that the processes of self-purification of the aquatic ecosystem are controlled by various factors
depending on the season, the source of metal intake, the prevailing physical and geographical
conditions and et al.

In winter, the aquatic ecosystem of the Northern Dvina River estuary is characterized as polluted in
terms of water quality, while in summer it is dirty. The low index of water pollution indicates that the
winter period is the most favorable for the self-purification of river water from heavy metals, since
during this period additional sources of heavy metals entering through the atmospheric channel and
with a flat flush are excluded.

5. References

[1] Vaganova E S, Davydova O A 2011 Izvestiya of the Samara center of science of the Russian
Academy of Sciences 13 5(2) pp 147-150

[2] Vhahangwele Masindi and Khathutshelo L Muedi 2018 Environmental Contamination by
Heavy Metals 133 p

[3] Wong M H 2012 Environmental Contamination: Health Risks and Ecological Restoration
United States of America: Taylor & Francis Group

[4] Lepp N W 2012 Effect of heavy metal pollution on plants. Metals in the Environment, Pollution
Monitoring Series, Applied Science Publishers. Department of Biology (Liverpool, United
Kingdom: Liverpool Polytechnic)

[5] Athar M, Vohora S B 2001 Heavy Metals and Environment (New Delhi: New Age International
(P) Limited)

[6] Soldatenko S A, Alekseev G V, Ivanov N E, Vyzilova A E, Kharlanenkova N E 2018 Arctic
and Antarctic Research pp 55-70

[71 Zimovets A A, Ovsepyan A E, Fedorov Yu A 2016 16th International Multidisciplinary
Scientific GeoConference SGEM 2016 Ecology, Economics, Education and Legislation
Conference Proceedings (Albena, Bulgaria) Vol I Book 5 pp 319-325

[8] Brekhovskikh V F, Volkova Z V, Kolesnichenko N N 2003 Surface water quality problems in
the Northern Dvina basin (Moscow: Nauka) p 233

[9] Gorbachov A L, Dobrodeeva L K, Tedder Yu R, Shatsova E N 2007 Human ecology 1 pp 4-11

[10] The State and environmental protection of the Arkhangelsk region in 2018 ed A N Kravtsova
(Arkhangelsk: the Ministry of natural resources and forestry of Arkhangelsk region) p 453 [In
Russian]|

[11] Zimovets A A, Ovsepyan A E 2018 18th Int. Multidisciplinary Sci. GeoConf. & EXPO
«Modern Management of Mine Producing, Geology and Environmental Protection» (Albena,
Bulgaria) Vol 18 pp 401-408



International science and technology conference "Earth science" IOP Publishing

IOP Conf. Series: Earth and Environmental Science 666 (2021) 022034  doi:10.1088/1755-1315/666/2/022034

[12]

[13]
[14]
[15]

[16]
[17]

Fedorov Yu A, Ovsepyan A E, Zimovets A A, Savitskiy V A, Lisitsyn A P, Shevchenko V P,
Novigatsky A N, Dotsenko 1 V 2018 Handbook of Environmental Chemistry (Berlin,
Heidelberg, Springer) pp 1-34

Fedorov Yu A, Ovsepyan A E, Savitskiy V A, Zimovets A A 2019 Doklady Earth Sciences Vol
487 Issue 1 pp 804-806 [In Russian]

Ovsepyan A E, Fedorov Yu A, Zimovets A A, Savitskiy V 2016 World of Scientific Discoveries
(Krasnoyarsk: Science and Innovation Center Publishing House) 5 pp 117-125

Vaganova E S, Davydova O A 2011 Natural and technical Sciences 4 pp 180-181 [In Russian]
Nikanorov A M 2001 Hydrochemistry (Saint Petersburg: Gidrometeoizdat) 444 p [In Russian]
On approval of water quality standards for water bodies of fisheries significance, including
standards for maximum permissible concentrations of harmful substances in the waters of water
bodies of fisheries significance / http://www.bestpravo.ru [In Russian]

Fedorov Yu A and Zimovec A A 2011 11th Int. Multidisciplinary Sci. GeoConf. & EXPO
«Modern Management of Mine Producing, Geology and Environmental Protection» (Albena,
Bulgaria) Vol 3 pp 171-174

Zimovets A A, Ovsepyan A E, Fedorov Yu A, Savitskiy V A 2016 Proceedings of International
Conference «Managing risks to coastal regions and communities in a changing world»
(EMECS'11 — SeaCoasts XX VI (Moscow, RIOR Publ.)

Zimovets A A, Ovsepyan A E 2019 International science and technology conference «Earth
science», 1OP Conf. Series: Earth and Environmental Science 272 022244
https://iopscience.iop.org/article/10.1088/1755-1315/272/2/022244

Bashkov O V, Romashko R V, Bashkov I O, Zaikov V 1, Khon H, Solovev D B 2020 Sensitivity
Analysis of Adaptive Holographic Fiber-Optic Acoustic Emission Sensors during the
Registration of Acoustic Waves In a Plate /OP Conf. Ser.: Earth Environ. Sci. 459 Paper Ne
062104. [Online]. Available: https://doi.org/10.1088/1755-1315/459/6/062104

Acknowledgments
The author expresses his sincere gratitude to his scientific mentor, professor Yu.A. Fedorov for
assistance in working on the article.



