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ASSESSMENT OF SURFACE WATER QUALITY
(ON THE EXAMPLE OF THE CHUMYSH RIVER)

S.S. Slazhneva, Y.V. Kozyreva, M.A. Maurer

The surface water pollution issue is urgent as it is the most extensive issue.
Large-scale pollution of the environment causes damage to rivers, lakes, water
reservoirs, and soils. Pollutants and products of their transformations sooner or
later come from the atmosphere to the surface of the Earth. Issues of clean water
and protection of aquatic ecosystems become increasingly acute as the histori-
cal development of society develops. Furthermore, the influence of scientific and
technological progress on nature rapidly increases. Currently, there is a unified
criterion for assessing water quality is the maximum permissible concentration
(MPC) of substances contained in it in the Russian Federation. The Chumysh River
flows in the Kemerovo Region and Altai Krai and is a tributary of the Ob River. The
Chumysh River has a length of 644 km and a basin area of 23,900 square km. The
assessment of the surface water quality of the Chumysh River is carried out based
on data processing of the Roshydromet Federal Service for Hydrometeorology and
Environmental Monitoring of Russia, which is located on the studied water object
near the city of Zarinsk. The primary research goal is to assess the quality of sur-
face waters of the Chumysh River in Zarinsk and Talmenka urban-type settlement.
During the study period (nine years), the authors have identified the elements as the
primary substances that have provided the most critical contribution to pollution.
A comprehensive assessment has been carried out for these substances, and the
substances that provide the most significant contribution to surface water pollution
are selected based on the product of the points. This factor is of great importance
for developing the measures that aim at their purification and planning the future
use of the Chumysh River waters.

Keywords: surface water quality, integrated pollution assessment; sampling;
combinatorial water pollution index, water quality class

For citation. Slazhneva S.S., Kozyreva Y.V, Maurer M.A. Assessment of Surface
Water Quality (on the Example of the Chumysh River). Siberian Journal of Life
Sciences and Agriculture, 2022, vol. 14, no. 2, pp. 296-311. DOI: 10.12731/2658-
6649-2022-14-2-296-311



Siberian Journal of Life Sciences and Agriculture, Tom 14, Ne2, Yacrp 2, 2022 297

OLEHKA KAYECTBA ITOBEPXHOCTHBIX BOJ
(HA ITPUMEPE PEKH YYMBbII)

C.C. Cnaxcnesa, IO.B. Kozvipesa, M.A. Maypep

Ipobnema 3aepasnenus no6epXHOCMHBIX 600 AKMYAIbHA, MAK KAK AGIACMCA
naubonee obwupnol. Macuwmabnoe 3azpsasnenue oxkpyscaroujeli cpedbl HAHOCUM
yuepo pexkam, o3epam, 6000XPAHUTUWAM, NOYGAM. 3aspAsHAIOWUe 6eujeCmed U
NPOOYKMbL UX MPAHCHOPMAYULL PAHO UTU NO30HO RONAOAIOM U3 AMMOCHepbl Ha No-
sepxnocms 3emau. Bonpocel uucmoii 600b u 3auumul 600HBIX IKOCUCHIEM CIAHO-
85MCsL 6ce boee OCMPLIMU NO Mepe UCTNOPUYeCcKo20 pazsumius oowecmsa. Kpome
moezo, bbicmpo go3pacmaem GIUAHUE HAYUHO-MEXHUUECKO20 NPOSPecca HA NPUPOOY.
Ha meppumopuu Poccuiickoti @edepayuu, 6 Hacmosiujee 8pems, eOUHbIM Kpume-
puem OyeHKU Kauecmea 600bl AGNAEmcs NPedeibHO OONYCMUMAas KOHYEeHmMpayus
(T11K) cooeporcawuxcs 6 Heil seugecms. Pexa Qymviue npomexaem 6 Kemeposckoii
obnacmu u Anmaiickom Kpae u agnaemcs npumoxom pexu Qbv. Ilpomsasicennocms
peku Yymoiw cocmasnsiem 644 km, a niowaos bacceiuna — 23900 xm’. Oyenka
Kawecmea noGepxXHOCMHuIX 600 peku Yymviul HPOBOOUMCS HA OCHOBAHUU 00pa-
bomxu oanHvix DedepanvbHoll CryHcObl NO 2UOPOMEMEOPOLOUU U MOHUMOPUHEY
oxpyacarouyeti cpedvt Poccuu (Poceudpomem), komopas pacnonoscena na uccie-
dyemom 600HOM obvekme 6 patione 2. 3apunck. OCHOBHOU Yelblo UCCTe008aAHUT
ABNAEMCS OYEHKA KA4ecmeaa NoeepxXHOCmHblx 600 pexu Yymvii 6 3apuncke u nem
Tanvmenka. 3a ucciedyemviil nepuoo (0essimy Jiem,) agmopvl Onpedeuiu SeMeHmbl
KAK nepeuumbvle geuecmaa, GHecuue Haubonee Kpumuyeckutl 6k1ao @ 3azpsizHeHue.
Jns omux eewjecme npogedena KOMNIEKCHAas OYeHKd, U no npouzseoenulo 6anioe
6b10paHbI Beujecmea, cnocooCmayroujue 3a2psasHeHUI0 NOBEPXHOCMHBIX 800 OOblLe
6cec0. Imom Gaxmop umeem 60bUIOE 3HAUEHUE 5 PA3PAOOMKU MEPONPUSIULL
no ouucmke 600 U NIAHUPOBAHUS OANbHEUUE20 UCNONbL306ANUS 600 peKu dymblul.

Knrouesvle cnosa: kauecmeo nogepxHOCMHbIX 600, KOMNIIEKCHAS OYeHKA 3acps3He-
HuUst;, OMOOp npod, KOMOUHAMOPHBILL UHOEKC 3a2PAZHEHUS B00bL; KILACC KAYeCmad 600bl

Jna yumupoeanus. Cnaxcnesa C.C., Koswvipesa FO.B., Maypep M.A. Oyenka
Kauecmea noeepxXHOCmubvIx 800 (Ha npumepe pexu Yymoiwt) // Siberian Journal of
Life Sciences and Agriculture. 2022. T. 14, Ne 2. C. 296-311. DOI: 10.12731/2658-
6649-2022-14-2-296-311

Introduction
Issues of clean water and protection of aquatic ecosystems become increas-
ingly acute with the historical development of society. The issue of surface wa-
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ter pollution is currently relevant since the threat of a shortage of clean drinking
water on the planet is becoming increasingly clear. Large-scale environmental
pollution damages rivers, lakes, reservoirs, and soils. Pollutants and products
of their transformations sooner or later fall from the atmosphere to the surface
of the Earth.

In the current research, the authors employ differentiated and integrated
assessment methods to determine the degree of water body contamination and
water quality. The method of a comprehensive assessment of the degree of
surface water pollution by hydrochemical indicators bases on determining the
level of pollution by conducting a detailed component-by-component analysis
of the water composition. Furthermore, the contamination is compared with the
permissible concentrations and the frequency exceeding the standards.

The final complex indicator of water quality is determined by summing up the
individual indicators that assess the contribution of each pollutant separately [10].

Currently, the unified criterion for assessing water quality is the maximum
permissible concentration (MPC) of the substances contained in it. However,
the objectivity of the information depends not on the MPC level alone. The ob-
jectivity and accuracy of the information are influenced by many factors (how
often samples are taken, how many indicators are determined, how often the
excess concentrations of pollutants occur in the samples) [8].

The Chumysh River flows in the Kemerovo Region and Altai Krai and is
a tributary of the Ob River. The Chumysh River has a length of 644 km and a
basin area of 23,900 square km. The river has two sources: Tom-Chumysh and
Kara-Chumysh, which originate from one of the slopes of the Maimandzhin-
sky Ridge. The Chumysh River begins at the confluence of these two rivers
and flows primarily through the Biysko-Chumysh Upland. The upper reaches
of the river have rapid characteristics and rapid flow. The Chumysh feeds on
thawed snow waters. The river freezes in winter, and ice drift begins in April.
The Chumysh flows into the Ob 88 kilometers below the city of Barnaul.

The Chumysh River is navigable; however, only as far as the Zakharovo
Pier. The river basin is located within the Southwestern part of the Salair Ridge
and the Pre-Salair Plain, the Biysko-Chumysh Upland. The banks comprise sol-
id rocks that are occupied by mixed forests. There are often rock outcrops in the
riverbed. The Chumysh flows in a winding and rapid riverbed. Sometimes there
are sections of a relatively straight riverbed with a width of 25-40 m. Within
the limits of a wide valley, the river becomes flat, and the riverbed becomes
broad-bottomed, freely meandering. The intensity of coastal erosion increases
to 30-50 m/year. The channel sediments of sandy composition predominate. In
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the lower flow of the river, the width of the riverbed reaches 250 m. The river is
located in the backwater of the Ob River (the backwater extends for a distance
of approximately 100 km from the mouth of the Chumysh).

Materials and methods

Scientists and environmentalists focus close attention on the issues of study-
ing and evaluating the purity of reservoirs. The results of their research from
various positions and bases in the global, Russian, and territorial dimensions
are presented in the works of D. A. Agulov and A. V. Ivanova [1], W. A. Ahsan
et al. [14], H. Aziz et al. [15], G. Babayan et al. [16], A. Chugai and T. Safran-
ov [17], L. V. Golovatyuk and T. D. Zinchenko [4], A. Ivanova [6], M. Islam
etal. [19], S. Feroz et al. [18], Y. Yurova and V. Shirokova [21], V. Vorobiev et
al. [20], M. B. Zaslavskaya et al. [5].

The primary research goals are to analyze the regulatory framework for the
legal regulation of water bodies, identify the features and monitor the water
bodies, and assess surface water pollution.

The research employs the guidance document No. 52.24.643-2002 [10] en-
titled “Method of comprehensive assessment of the degree of surface water
pollution by hydrochemical indicators,” the primary goal of which is defined
by Article 78 of the Water Code of the Russian Federation. It implies the pro-
vision of valuable statistical information on the surface water pollution level
in the country at the national level based on hydrochemical indicators. The
guidelines create a basis for processing the data of regular observations of the
government monitoring of water bodies for the chemical composition for an
integrated assessment of the surface water quality for a complex of pollutants
observed by the network of the State Monitoring Service (SMS) of the Federal
Service for Hydrometeorology and Environmental Monitoring (Roshydromet).

The basis of the complex method is the assessment of the degree of contam-
ination of a water body by a set of pollutants — for any water body at the point
of water sampling, for any specific period, and according to any set of hydro-
chemical indicators. A unique feature of the method is to conduct a detailed
component-by-component analysis of the chemical composition of water and
its regime in the first stage and then use the obtained estimated components at
the second stage in order to simultaneously consider the unity of observed in-
gredients and water quality indicators.

The authors utilize a classifier developed in Rostov-on-Don [10] to deter-
mine the water quality class according to the value of the specific combinatorial
water pollution index (SCWPI). Each class has an individual name (Table 1).
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Table 1.
Determination of water quality classes in accordance with the SCWPI value
(RD 52.24.643-2002)

Class Rank SCWPI Name
1 <1 Conditionally pure
2 1-2 Lightly polluted
3 a 2-3 Polluted
b 34 Severely polluted
a 4-6 Dirty
4 b 6-8 Dirty
c 8-10 Very dirty
d 10-11 Very dirty
5 Exceeding 11 Extremely dirty

The combinatorial water pollution index value — SA — implies the sum of
the generalized evaluation points for each ingredient.

5,53, (1)
Specific combinatorial index of water pollution S’ :
S' =S/, )

i — the total number of ingredients in the water reservoir under study.

The assessment of the surface water quality of the Chumysh River is carried
out by processing the data of the Roshydromet observation network, which is
located at the water object under consideration in the Zarinsk area. Observa-
tional frequency occurs seven times a year.

Results

The authors conduct a comprehensive assessment of the Chumysh River
water quality. Furthermore, the authors calculate the specific combinatorial
water pollution index (SCWPI) indicator, determine the water quality class,
and identify the substances that have made the most critical contribution to
pollution.

Contamination of the surface waters of the Chumysh River in the alignment
near Zarinsk and Talmenka is carried out for 11 substances: sulfates, chlorides,
oxygen, biochemical oxygen consumption in five days, ammonium nitrogen,
nitrite nitrogen, nitrate nitrogen, bichromate oxidability, iron, volatile phenols,
and petroleum products.

Table 2 presents the water quality class of the Chumysh River in 2011-2019
as a result of a comprehensive assessment.
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Table 2.
Classification of the Chumysh River surface water quality by the SCWPI size
Year SCWPI value Wat;r quality class .Pollutants
(Zarinsk/Talmenka) (Zarinsk/Talmenka) (Zarinsk/Talmenka)
2011 4.1/3.69 4A Dirty/3B Very dirty —
2012 4.18/4.36 4A Dirty —
2013 3.72/4.34 4A Dirty Petroleum products/—
2014 3.03/3.51 3B Very dirty —
2015 3.56/3.88 3B Very dirty —
2016 2.91/4.03 3A Polluted/4A Dirty —
2017 4.36/4.19 4A Dirty —
2018 3.68/4.62 4A Dirty Iron
2019 3,874.00 3B Very dirty —

According to Table 2 and the change in the SCWPI value, one can observe
that the Chumysh River water quality class constantly changes from 3 to 4A

Dirty.

Fig. 1 undoubtedly illustrates the results presented in Table 2, which indicate
the change in the SCWPI indicator value.
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Fig. 1. Change in the SCWPI value for 2011-2019 of the Chumysh River
in the Zarinsk area
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According to the results presented in Table 2 and Fig. 1, one can note the
stable quality of the surface water of the river for the considered nine-year
period.

Since the value of the SCWPI indicator depends on the content of pollut-
ants involved in the comprehensive assessment, one should consider the change
dynamics in the concentrations of individual ingredients in the river waters for
the 2011-2019 period.

For the convenience of the analysis, the authors consider the dynamics of the
average concentrations of substances not in units of their content in surface wa-
ters but fractions of the MPC. This factor will allow the authors to demonstrate
the presence or absence of exceeding the MPC for each substance that affects
water quality and the multiplicity of exceeding the MPC (if any).

Fig. 2 demonstrates the dynamics of the biochemical oxygen consumption
in five days of preserving the object in the surface waters under study in the
Zarinsk and Talmenka areas for the 2011-2019 period. There is a tendency
to reduce the five-day biochemical oxygen consumption concentration in the
Chumysh River waters. The lowest concentration was recorded in 2017, which
was the highest in 2011 and 2012.

Parts of MPC

2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

— 7 arisk = = Talmenka eseees Trend line

Fig. 2. The average concentration of the biochemical oxygen consumption
in five days in the surface waters of the Chumysh River in Zarinsk and Talmenka
areas for the 2011-2019 period
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Fig. 3 represents the dynamics of the petroleum product content in the
surface waters of the Chumysh River in Zarinsk and Talmenka for the 2011—
2019 period.
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Fig. 3. The average concentration of petroleum products in the surface waters
of the Chumysh River in Zarinsk and Talmenka for the 2011-2019 period

According to Fig. 3, one can note that, on average, the concentration of the
pollutant in surface waters remains constant, the trend line confirms. The low-
est concentration was recorded in 2014, which was the highest in 2013. The
peak content of petroleum products in 2013 can be explained by the following
features: a hot summer, deficient levels due to this significant increase, and a
sharp decline and a minimum in 2014 (an abnormal flood).

Analyzing the dynamics of the total iron content for the 2011-2019 period,
one has found an increase in the stem in Zarinsk and Talmenka areas.

Such a change in the concentration of iron in the stem can be attributed to
the most common reasons. Iron compounds enter surface waters through the
chemical weathering of rocks, and a significant amount enters reservoirs with
underground runoff and industrial and agricultural wastewater.

Contamination of surface waters with this element can affect both the com-
position of the microflora of the reservoir and the rate of development of phy-
toplankton.
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Fig. 4. The average concentration of iron in the surface waters of the Chumysh River
in Zarinsk and Talmenka for the 2011-2019 period

Fig. 4 depicts an upward trend in average concentrations in the surface wa-
ters of the Chumysh River despite a decrease in average concentrations in the
2013-2015 period. High iron content is typical for many water bodies in Altai
Krai, and the Chumysh River is no exception. The highest average concentra-
tion of iron was observed in 2018, and it was due to a rapid increase in the total
wastewater discharge of Housing and Communal Management LLC in Zarinsk
and various repair works.

Incidentally, the dynamics of the specific combinatorial water pollution in-
dex and pollutants in the considered sections of the Chumysh River can reveal
the following:

» The quality class of the surface water of the object of study in the area

near Zarinsk varies from 3A Polluted to 4A Dirty;

» The following substances contribute most to surface water pollution:
biochemical oxygen consumption in five days, petroleum products, and
iron;

» The observed stability of the SCWPI value depends directly on the con-
stant average concentration of petroleum products, an increase in the
average concentration of total iron, and a decrease in the concentration
of biochemical oxygen consumption in five days.
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Discussion

Surface water is a natural object of multicomponent variable composition
that humans use for various purposes. Therefore, assessing the quality of sur-
face water is an urgent task.

Proponents of a comprehensive assessment of the degree of surface wa-
ter pollution by hydrochemical indicators [2; 7; 13] developed at the Hy-
drochemical Institute (Rostov-on-Don) consider this method to be the most
relevant.

The essence of the method is to identify a set of the most characteristic
pollutants for Russia as a whole rather than for one water body. One should
note that traditional observation and control methods possess one fundamental
drawback — they are not operational.

Another method used in national research bases on developing the Bavar-
ian water use service [11]. The research aims at assessing the quality of trans-
boundary water bodies.

The analysis of international and Russian experience in the field of research
has shown that there is currently no unified methodology. There are also no uni-
form criteria for assessing the degree of pollution of water bodies in all countries
worldwide, which causes difficulties in matters of their protection.

Substantial amounts of petroleum products enter the surface waters with
the wastewater of oil production, oil refining, chemical, metallurgical, other
industries, and municipal water. Some petroleum products enter the water due
to intravital secretions by plant and animal organisms and their postmortem
decomposition [12].

Studies assessing the quality of surface waters of the Chumysh River have
not been conducted before. Detailed studies in the Chumysh River basin aim at
studying the water quality of bottom sediments, the pigment characteristics of
phytoplankton as an indicator of the environmental state of the reservoir [3; 7],
and the toxicity assessment of bottom sediments of the Chumysh River using
the Allium test have been carried out by N. N. Chernysheva, L. P. Khlebova,
O. S. Goryaninova, A. P. Krainov [9]. Bezmaternykh [3] has assessed the eco-
logical condition of the river. The Chumysh uses zoobenthos as an indicator
of water pollution.

Conclusion

The paper considers the dynamics of changes in the SCWPI value and the
primary substances that contribute to the pollution of the Chumysh River. The
primary observation points are in Zarinsk and Talmenka. According to the data
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obtained during the research, the water quality class in the Chumysh River
changes. Near Zarinsk, it varies from 3A Polluted to 4A Dirty, and in Talmen-
ka, it changes from 3B to 4A Dirty.

A comprehensive assessment of the contamination of the surface waters of
the Chumysh River has been carried out for 11 substances. After the product
of the points, substances that have an adverse impact on surface water quality
are selected.

Therefore, in the course of the conducted study, the authors identify three
substances near Zarinsk and Talmenka: biochemical oxygen consumption in
five days, petroleum products, and iron (an increase in the average concentration
in surface waters is noted for iron), which makes the most critical contribution
to surface water pollution.
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