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ASSESSMENT OF THE LEVEL OF POLLUTION OF THE Ul AND ZHELKUAR
RIVERS

Annotation. In order to assess the water quality of the Ui and Zhelkuar rivers, which are
transboundary rivers, the hydrochemical indicators obtained between 2018 and 2024 were used to
determine the water pollution index. As a result, the final water pollution index was calculated based
on the pollution index of each year. Among the hydrochemical indicators, components such as
synthetic surfactants, iron, oil products, phenol, BODs, copper, zinc, manganese and nickel were taken.
Among the presented components, it can be seen that manganese, nickel, zinc and oil products exceed
the MPC every year, and the impact of technogenic load on the water ecosystem is somewhat
noticeable.

The results of the study indicate that the water quality of the Ui and Zhelkuar rivers is at a
moderate to high level of pollution, proving the need for continuous environmental monitoring and
integrated management measures aimed at reducing pollution for transboundary water bodies.

Keywords: Water quality, maximum permissible concentration, water pollution index,
hydrochemical indicators, Ui, Zhelkuar.

Introduction

The quality of surface river waters is a key indicator of the ecological state of aquatic
ecosystems and directly affects public health, agriculture and the economic development of
the region [1].

Currently, the composition of natural waters is greatly influenced by anthropogenic
influences. Various pollutants entering the environment can undergo various changes, which
in turn increases their toxic effect [2].

The Ui River is a left-bank tributary of the Tobol River. The Ui and Zhelkuar rivers
are transboundary water bodies. The Uy river originates in the territory of the Republic of
Kazakhstan and then flows into the territory of the Russian Federation, therefore its
hydrological and ecological state is formed by the combined influence of natural and
anthropogenic factors between the two states. Its length is 462 km. The upper reaches of the
river are located in the village It passes through areas of agricultural activity [3]. The Ui and
Zhelkuar Rivers are important water bodies in the region, providing water to settlements and
supporting local ecosystems. The Zhelkuar River is a left-bank tributary of the Tobol River
and is formed by the confluence of the Bersuat and Syntasty rivers. The catchment area of the
Bersuat, Syntasty and Zhelkuar Rivers up to the dam is 4,317 km? [4]. The Ui River is
distinguished by the length and area of its drainage basin, while the Zhelkuar is a smaller river
that acts as a stream and a local water source. Both rivers are affected by economic activities,
which makes it important to constantly monitor their water quality [5,6].
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The Ui and Zhelkuar Rivers play an important role in providing water to settlements
and industrial facilities, as well as in preserving biological diversity. In recent years, due to
the development of industry, agriculture and urbanization, an increase in anthropogenic load
on water bodies has been observed [7,8]. This leads to changes in the chemical composition
of water and the accumulation of pollutants, which requires constant monitoring of
hydrochemical indicators [9].

The purpose of this work is to assess the water quality of the Ui and Zhelkuar Rivers
for the period 2019-2024 based on the calculation of the final pollution index of water bodies
based on hydrochemical indicators. The analysis conducted allows us to identify trends in
water quality changes, identify the main sources of pollution, and provide recommendations
for the rational use and protection of water resources.

Research materials and methods.

The final index of water pollution (WPI) is a comprehensive indicator that allows
assessing the level of water pollution, taking into account several hydrochemical parameters
[10]. The degree of pollution of the waters of the Ui and Zhelkuar Rivers was assessed using
data from quantitative hydrochemical water analyses in accordance with established
methodologies [11]. A study on water quality in the Uy and Zhelkuar rivers examined data
collected by Kazhydromet over six years, from 2019 to 2024. To understand the extent of
water pollution, a special index (WPI) was calculated based on an analysis of nine key
chemical parameters (Table 1). These parameters were then compared with established
standards (MPCs) [12].

Based on the generally calculated WPI values, water quality is assessed using the
following classes : I-very clean (WPI <0.3); Il-clean (WPI 0.3-1); Il - moderately polluted
(WPI 1-2.5); IV - polluted ( WPI 2.5-4); V-dirty ( WPI 4-6); VI -very dirty (WPI 6-10); VII-
the dirtiest (WPI >10) [13]. Maximum permissible concentration (MPC) standards developed
for fisheries were used to assess hydrochemical parameters (Table 1) [14] .

Class I: This class includes water bodies that are least susceptible to negative human
impact. Their chemical and biological characteristics are close to those found naturally in the
area.

Class II: This class includes water bodies that have exhibited some changes compared
to their original state. However, these changes have not yet disrupted the overall ecological
balance.

Class I11: This class includes water bodies that are experiencing anthropogenic impacts
that are approaching the sustainability limit of their ecosystems.

Class Ill: Water bodies in this class are characterized by impaired ecological
parameters. Their condition is assessed as ecological degradation [15,16] .

Each hydrochemical indicator was compared with its permissible limit (MPC) and
calculated. The following formula was used for this:

Ki=Ci/Cwmpc
where, C;- the actual amount of substances in water, Cvpc - the maximum permissible amount
of a given indicator

The final water pollution index was calculated as the arithmetic mean of the ratios of
actual concentrations of pollutants to their maximum permissible concentrations.

Table 1 - Hydrochemical composition of chemical and biogenic substances in river water

indicators
Names BODs Fe petroleum | phenol | synthetic Cu Zn Mn Ni
products surfactants
Year 3 0.1 0.05 0.001 0.001 0.01 0.01 0.01
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MPC 0.1
2019 30.03 3.048 0.258 0.01 0.005 0.00166 0.003 0.0196 0.0625
6
2020 10.26 3.851 0.11 0.039 0 0.001 0.003 0.019 0.0625
6666 666667 66
2021 35 2.42 0.175 0.0417 0.0002 0 0.003 0.029 0.037
33 1666
2022 19.9 1.95 0.083 0.0025 0.0007 0.00166 0.0020 | 0.040 0.0615
58
2023 16.2 2.79 0.007 0.19 0.008 0 0.003 0.0299 0.0769
2024 15.6 1.97 0.12 0.02 0 0.01 0.0028 | 0.0245 0.045
33333 583333
Results

During the study, a comprehensive assessment of the water quality of the Ui and
Zhelkuar Rivers was conducted in 2019-2024. To assess water quality, an integrated water
pollution index (WPI) was calculated, and the results were analyzed in accordance with the
current ecological classification of water quality.

The changes in the water pollution index of the Ui and Zhelkuar Rivers over the years
and the corresponding water quality classes determined as a result of the study are shown in

Table 2 and Figure 1.
Table 2 - Final values of the water pollution index of the Ui and Zhelkuar Rivers

Years Ui river (WPI) | Water quality classes Zhelkuar River (WPI) | Water quality classes
2019 293 I11- moderately polluted 3.31 I11- moderately polluted
2020 1.72 I11- moderately polluted 4.10 IV- contaminated

2021 4.12 IV- contaminated 4.69 IV- contaminated

2022 3.72 I11- moderately polluted 3.95 I11- moderately polluted
2023 3.87 I11- moderately polluted 5.03 IV- contaminated

2024 3.23 I11- moderately polluted 3.52 I11- moderately polluted

Changes in Uy River Index (2019-2024) Changes in Zhelkuar River Index (2019-2024)
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Figs 1 - Dynamic analysis of water quality pollution in the Ui and Zhelkuar Rivers for 2019-2024
As shown in Table 2 and Figure 1, it can be seen that the integrated WPI values for the
Ui River water ranged from 1.72 to 4.12 during 2019-2024, which indicates that the water
quality corresponds to classes I11-1V. - In 2019-2020, moderate pollution of river waters was
observed (WPI< 3). In 2021, the pollution index reached a maximum value of 4.12, which
corresponds to polluted water (class 1V). The increase in the water pollution index was due to
a significant increase in concentrations of manganese, nickel, zinc, and petroleum products.
From 2022 to 2024, water quality remained stable, within Class Ill. This represents a slight
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improvement, but also points to ongoing anthropogenic impacts.

Meanwhile, the integrated index of water pollution of the Zhelkuar River varied in
the range of 3.3-5.0 , which corresponds to classes IlI-1V of water quality . The most
unfavorable environmental situation High levels of pollution were observed in 2023, which
may be associated with increased economic activity and/or unfavorable hydrological
conditions. Despite a slight decrease in the indicator in 2024, the state of the Zhelkuar River
water remains environmentally tense.

The increase in the WPI was caused by nickel, manganese, zinc and cuprum, the
concentrations of which systematically exceeded the MPC. In 2024, there was a slight
improvement in water quality, but the level of pollution increased.

Conclusion

According to the results of calculating the integral index of water pollution, it was
determined that the water quality of the Ui and Zhelkuar Rivers in 2019-2024 mainly
corresponds to levels Il1-1V. The Zhelkuar River is characterized by an increased level of
pollution and a higher frequency of transition to level IV compared to the Ui River . The main
polluting components of both rivers are nickel, manganese and zinc, the concentrations of
which systematically exceed the TLV. River pollution is of a stable technogenic nature, which
indicates the need for constant monitoring of sources of heavy metals. The observed trend of
partial improvement in water quality in 2024 is unstable and requires confirmation by further
observations.

Comparative analysis shows that the Zhelkuar River is characterized by a more
unfavorable ecological situation than its home river, which indicates the need to strengthen
water quality monitoring and develop environmental protection measures in this river basin.

The results obtained confirm the importance of regular hydrochemical monitoring and
WPI calculations for timely assessment of the state of water resources and development of
measures to protect them.

§ 2(102) - 2026
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Aubxanosa E.JK., BeiicenoBa P.P.

Y 2)KOHE )KEJIKYAP ©3EHIEPIHIH JIACTAHY JEHT'EUIH BAFAJIAY

Anparna. TparciiekapapaiblK e3eHaep O0bI TaObIIaThH Y1 skoHe JKenkyap e3eHaepiHiH
cy camacblH Oaranay ymiH 2018 sxone 2024 sxpuigap apalbIFbIHAA aJBIHFAH THAPOXUMHSIIBIK
KOPCETKIIITEp CYABIH JIACTaHY WHJICKCIH aHBIKTay YIUiH HaiganaHbuiabl. HoTmkeciHpe, cyablH
JIACTaHYBIHBIH COHFBI MHIEKCI 9p >KbUIABIH JIACTaHY MHJEKCI HETi3iHAe ecenTemai. | MApOXUMHUSIIBIK
kepcetkimrepAiH imiaae OBbKs, Temip, myHait enimaepi, ¢peron, CIKA3, MbIC, MBIPBIII, MapraHell,
HUKEJIb CUSKTHI KOMIIOHEHTTED ajbIHABL. ¥ CHIHBUIFaH KOMIIOHEHTTEPAIH 1MIiHAe MapraHel], HUKeb,
MBIPBIII JKOHE MyHail eHiMaepiHiH bul caiiblH IIIPK-man acein TyceTiHiH XoHe cy dKOXKyHeciHe
TEXHOTCHJIIK )KYKTeMeHiH acepi Oipmama OaiikanaTbIHBIH Kepyre Oomasl.

3eprrey HoTIOKenepi Yil skoHe JKenkyap e3eHAEpiHIH Cy camachlHBIH OpTaIlaaH KOFaphl
JCHTelre JeliH JlacTaHFaHBIH KepceTeli, Oy TpaHCIIEKapalblK Cy aiAbIHIApBIHBIH JIACTaHYbIH
azaiiTyra OaFpITTaliFaH Y3IIKCi3 KOpIIaraH OpPTaHBI OakKpLIay >KOHE KelleHl Oackapy IuapanapblH
KYPri3y KaKETTUTITIH JoNenIeimi.

Kint ce3mep: CynplH camacbl, LIEKTI payajbl MeJIIEp, CYABIH JacTaHy HHIEKCI,
THIPOXUMISUTBIK, KepceTkimrep, Y, XKenkyap.

AabxanoBa E.JK., beiicenoBa P.P.
OLIEHKA YPOBHSI 3ATPSI3BHEHUS PEK Y1 U )KEJIKYAP
AHHoTauusi. [ OLEHKH KayecTBa BOABI TPAHCTPaHUYHBIX pek YU um XKenkyap Obun
WCIIONIb30BaHbl THAPOXUMUYECKHUE IMOKa3aTeNu, noinydeHHeie B nepuoj ¢ 2018 mo 2024 rox, s
OTIPENICIICHNS MHJICKCA 3arpsi3HEHMS BOJBI. B pe3ynbraTe OBUT pacCUMTaH OKOHYATEITHHBIA WHIICKC
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3arpsi3HEHUs] BOJBl HAa OCHOBE MHJEKCA 3arps3HEHUs 3a KakIpld ron. Cpeau TuapOXUMHYECKHX
roka3aTeneil ObUTH yuTeHBI Takue KoMnoHeHThI, kak OBKs, xkene3o, Hegrenpoaykrsl, henon, CITIAB,
MeIb, LMHK, MapraHel, HUKenb. Cpeayd MNpeACTaBICHHBIX KOMIIOHEHTOB BUJIHO, UYTO COJEp>KaHHE
Maprasiia, HHUKENs, [IMHKA ¥ HEPTENPOIYKTOB €XKETOJHO IPEBBINIACT IMPEICIBHO JOMYCTHMYIO
KOHIIGHTPAIMIO, U BIMSIHHUE TEXHOTCHHOM HArpy3Ku Ha BOJHYIO SKOCHUCTEMY SIBJISIETCS JOCTATOUYHO
3aMETHBIM.

PesynbTaTel uccnenoBaHus IMOKa3bIBAIOT, YTO KAadyecTBO BOABI B pekax Yil m JKemkyap
HaXOJWTCS HA YPOBHE YMEPEHHOTO HITH BBICOKOTO 3arps3HEHUS, YTO MOATBEPIKIACT HEOOXOMMOCTh
MIOCTOSIHHOT'O 3KOJIOTUYECKOT0 MOHUTOPUHTA U KOMIUICKCHBIX MEpP YIPaBJICHUS, HAIPABICHHBIX HA
CHIDKEHUE 3arps3HEHNS TPAHCTPAHUYHBIX BOJHBIX O0OBEKTOB.

KuroueBblie cioBa: KadecTBO BOIBI, MAKCUMAJIBHO JOMYCTHMAasl KOHLICHTpAIUs, WHIACKC

3arpA3HCHUA BOJAbI, THAPOXUMHUYCCKHEC MMOKA3aTCIIH, Yﬁ, )KenKyap.
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