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Study of the self-cleaning ability of a reservoir and watercourses
by hydrochemical indicators of Akmola region for 2018

Abstract. The article discusses the self-cleaning ability of lakes, rivers, and reservoirs of the
Akmola region in terms of oxygen, as well as the influence of certain hydrochemical indicators such
as (sulfates, chlorides, magnesium, salt ammonium, nitrite nitrogen, fluorides, total iron, zinc,
manganese, copper, phenol). Among the chemical factors that inhibit the self-cleaning ability of
reservoirs, one can note an increased content of salt sulfates, chlorides, calcium, magnesium, zinc,
and copper phenol. ammonium, nitrite nitrogen, total iron, and copper. An assessment of the self-
cleaning capacity of water bodies in the Akmola region was given based on oxygen indicators: the
amount of dissolved oxygen in the water and the biological oxygen demand (BODS5). Rivers and
lakes, based on the results obtained, were divided into six classes of self-cleaning ability, and a
graph was also built from which among the studied water bodies, according to general annual
indicators, lakes with low self-cleaning ability prevail. It has been established that the self-
purification potential of waters can be influenced by both the excess of the content of individual
hydrochemical components and the amount of the exceeded components, which can have a
synergistic effect. Along with this, we studied which of the accompanying hydrochemical
components affect the purification potential of water in lakes and rivers.

Keywords: reservoirs, watercourses, the self-cleaning ability of surface waters, biological capacity
of oxygen, solubility of oxygen.
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Introduction

Justification of the necessity and relevance of the study: In the introduction, the authors focused
only on the area of their research, I would suggest for the next article briefly highlight the problem in
other regions, to present the global significance and applicability of the study.

Among the challenges of our time, the issue of the loss of the quality of surface water resources is
becoming more acute [1,2]. Pollution of rivers and lakes is a hot topic in many countries of the world. Of
course, measures should be taken to prevent pollutants from entering surface waters, but do not lose
sight of the fact of natural self-purification in them. The ability to self-purify in lakes and rivers is a
multifactorial process that allows you to maintain chemical homeostasis in water and ensure the vital
activity of all hydrobionts. However, the problem of reducing and even losing this ability of reservoirs
due to the ingress of persistent toxicants or a combination of different pollutants that can act with
different activities under different hydrological regimes is increasingly being raised [3,4]. Knowledge of
the conditions of self-purification, and their peculiarities in different types of rivers and lakes can help
preserve the quality of water resourcand es, the health of the entire aquatic ecosystem.

Natural waters differ from aqueous solutions of mineral and organic substances by the presence
of complex communities of living organisms and a constant concentration of chemically active particles
and compounds. With the participation of these organisms and particles, the synthesis and destruction
of organic substances, the transformation of their forms, and, to a large extent, the migration of chemical
elements are carried out.
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The purpose of this work was: to carry out a comparative analysis of the self-cleaning ability of
reservoirs and watercourses of the Akmola region in terms of oxygen indicators, as well as the influence
of individual hydrochemical components [5,6,7,8,9].

In the Akmola region, the average results of hydrochemical studies for 2018 were taken in the
following streams and reservoirs: river - Esil, Nura, Akbulak, Sarybulak, Zhabai, Bettybulak,
Kypshakty, Shagalaly, lake - Sultangeldy, Zerendy, Kopa, Shabakty, Ulken, Kishi Shabakty, Sulukol,
Karasye, Maybalyk, Tekekol, Katarkol, Lebyazhye. In total, 8 rivers, 13 lakes, one Nura-Esil canal, and
the Vyacheslavskoe reservoir were considered.

Materials and research methods

We have studied such indicators as the amount of dissolved oxygen R and BOD:s in the studied
lakes and rivers. And calculated the ratio of these indicators as the ratio of photosynthetic activity in the
reservoir to its destructive ability: R/BODs. The higher this ratio, the higher the potential for self-
cleaning capacity in water bodies, and vice versa - the lower the ratio, the lower the self-cleaning
capacity of the water body.

The content of the following components was studied in lakes and rivers: pH, sulfates, chlorides,
calcium, magnesium, saline ammonium, nitrite nitrogen, fluorides, total iron, zinc, manganese, copper,
phenol. Taking into account the concentration of substances in water (Ci) and their maximum
permissible content (MPCi), several components (n) were used to calculate the hydrochemical index of
water pollution (WPI) (table 3) [10,11,12].

_1. yn _cCi
VIBB =+ Yl 1)

According to the results of the analyses of BODs and the content of dissolved oxygen R, the R/
BOD:s ratios were calculated (Table 1). The minimum value of 1,2 of the R/BODs ratio was in Lake
Maybalyk, the maximum value of 20,2 in the Bettybulak river (figure 1).

Table 1
Average annual oxygen indicators of surface waters of Akmola region for 2018

Name of reservoirs BOD:s The amount of dissolved R /BOD:s
mg / dm3 oxygen R, mg / dm?
reservoirs

sil river 1,86+0,02 10,05+2,07 5,4
Akbulak river 3,21+0,008 8,18+1,25 2,5
Sarybulak river 3,34+0,08 7,69+2,14 2,3
Bettybulak river 0,51+0,05 10,30+3,04 20,2
Zhabay river 2,11+0,04 8,90+0,17 4,2
Kylshikty river 2,82+0,017 6,82+0,85 2,4
Chagalla river 1,69+0,03 8,87+1,54 5,2
Nura river 2,81+0,021 8,45+2,07 3

Nura-Esil Canal 2,32+0,07 7,20+1,22 3,1
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reservoirs
Sultankeldy lake 1,96+0,07 8,64+1,22 44
Reservoir- 1,30+0,36 11,60+3,21 8,9
Vyacheslavskoe
Lake Kopa 1,68+0,09 9,64+2,11 5,7
Lake Zerenda 1,25+0,04 10,90+3,44 8,72
Burabay lake 1,22+0,07 8,59+2,37 7
Lake Ulken Shabakty 1,07+0,022 9,04+2,03 8,4
Lake Shchuchye 0,93+0,17 8,99+1,07 9,6
Lake Kishi Shabakty 1,25+0,034 9,02+1,11 7,2
lake Karasie 0,89+0,02 8,41+0,25 94
Sulukol lake 2.00+0,001 6.84+0,78 3,4
Lake Katarkol 2,98+0,01 7,88+0,54 2,6
Lake Tekekol 1,31+0,02 8,70+0,71 6,6
Lake Maybalyk 3,57+0,87 4,29+0,01 1,2
Lake Lebyazhye 1,44+0,021 7,25+1,13 5,0
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Figure 1. The mean annual oxygen indicators of surface waters on the map of the Akmola region

For the convenience of approximation, a variation series was compiled, divided into 6 classes, the

size of the various class of streams is 3,1 (table 2) [13].
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Table 2
Classes of watercourses by the self-cleaning ability

Class R / BODs f Self-cleaning ability
I 1,2-4,3 9 very weak
1I 4,4-7,5 7 weak
III 7,6-10,7 6 average
1A 10,8-13,9 - average
\ 17-17,1 - good
VI 17,2-20,3 1 high

Results and discussions

As a result, the following graph was obtained (figure 2), from which it can be seen that among the
studied rivers and lakes, according to annual indicators, rivers with a low self-cleaning ability prevail:
Class I (R/BODS5 ratio 1,2-4,3), which is 39% of all bodies of water and watercourses. This class of
watercourses includes Nura, Akbulak, Sarybulak, Zhabay, Kylshakty, Nura-Esil Canal, and reservoirs -
Sulukol, Katarkol, Maybalyk.

To class II (R/BOD:s 4,4-7,5), the self-cleaning ability of the studied water bodies and watercourses
was 30%. Rivers Esil and Shagalaly, lakes - Sultankeldy, Kopa, Burabay Kishi Shabakty, Tekekol.

III class 26% (R/BODs 7,6-10,7) is attributed to the Vyacheslavskoye Reservoir, reservoirs -
Zerendy, Ulken Shabakty, Shchuchye, Karase.

IV classes (R/BODs 10,8-13,9) and V (R/BODs 17 — 17,1) in terms of the self-cleaning ability of
water bodies and watercourses was - 0%.

in terms of self-cleaning ability VI class (R/BOD5 17,2 — 20,3), the Bettybulak river accounted for
4,3% of all streams and reservoirs.
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Figure 2. Numerical ratio of watercourses and reservoirs of Akmola region by class of ratio R/BODs

Hydrochemical components in the surface waters of the Akmola region for 2018 for the most
priority pollutants are presented in (table 3).
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Excessive MPCs were recorded for substances from the groups sulfates, chlorides, calcium,
magnesium, salt ammonium, nitrite nitrogen, fluorides, total iron, zinc, manganese, copper, and phenol.

In the Esil River, excess MPCs were recorded for substances sulfates — 1,3 MPC, heavy metals zinc
(2+) - 1,3 MPC, manganese (2 +) — 1,5 MPC, copper (2 +) - 2,4 MPC.

In the Akbulak River, MPCs were exceeded for substances from the main ion groups: chlorides —
2,2 MPC, sulfates — 4,7 MPC, magnesium — 1,8 MPC, calcium — 1,6 MPC, nutrients: salt ammonium - 7, 2
MPC, fluorides — 5,1 MPC, nitrite nitrogen — 1,9 MPC, heavy metals: zinc (2+) — 1,4 MPC, copper (2 +) —
1,6 MPC.

In the Sarybulak River, excess MPCs were recorded for substances from the main ion groups:
sulfates — 6,1 MPC, chlorides — 1,7 MPC, magnesium — 2,1 MPC, nutrients: salt ammonium - 5,7 MPC,
nitrite nitrogen - 2 ,3 MPC, fluorides — 1,3 MPC, heavy metals: zinc (2+) — 2,5 MPC, copper (2 +) - 1,7
MPC.

In the Bettybulak River, MPCs were exceeded for substances from biogenic substances (fluorides
- 1,2 MPC, total iron —1,6 MPC), heavy metals (manganese (2+) — 2,7 MPC).

In the Zhabai River, the excess was found for substances sulfates —1,5 MPC, nitrite nitrogen - 2,3
MPC, ammonium salt -1,5 MPC, total iron — 3,4 MPC, manganese (2+) — 14,1 MPC.

In the Kylshakty river, the excess of MPC was revealed for substances from the groups of biogenic
substances: salt ammonium - 2.8 MPC, total iron - 5.3 MPC, fluorides - 1.9 MPC, heavy metals -
manganese (2+) - 209.5 MPC.

In the Shagalaly River, excess MPCs were detected for substances from the groups of biogenic
substances (total iron — 1,5 MPC), and heavy metals (manganese (2+) — 63,4 MPC).

In the Nura River, excess MPCs were recorded from sulfate ions — 2,4 MPC, heavy metals: copper
(2 +) = 2,9 MPC, zinc (2+) -1,3 MPC.

In the Nura - Esil channel, the excess of MPC was recorded for ions: (sulfates -2,5 MPC,
magnesium — 1,5 MPC), from biogenic substances (salt ammonium -2,5, nitrite nitrogen -1,6 MPC) and
heavy metals (copper (2+) -2,3 MPC).

In Lake Sultankeldy, excess MPCs were recorded for substances from the main ion groups:
sulfates — 3,2 MPC, magnesium — 1,5 MPC, chlorides — 1,2 MPC, heavy metals - (copper (2+) — 1,4 MPC.

In the Vyacheslavskoye reservoir - excess of MPC was recorded for heavy metals (copper (2+) -2,3
MPC, zinc (2+) -1,1 MPC).

In Lake Kopa, the water temperature exceeding the MPC was recorded for substances from the
groups of the main ions (sulfates 1,6 MPC), heavy metals (manganese (2+) -5,9 MPC).

In Lake Zerendy, the excess was detected for substances from the groups of main ions (sulfates —
1,2 MPC, magnesium — 1,5 MPC), biogenic substances (fluorides -3,5 MPC), heavy metals (manganese
(2+) -3, 2 MPC).

In Lake Burabay, MPCs were exceeded for substances from the groups of biogenic substances
(fluorides — 4,1 MPC), and heavy metals (manganese (2+) — 3,6 MPC).

In Lake Ulken Shabakty, the excess of MPC was recorded for substances from the groups of main
ions (sulfates — 2,8 MPC, magnesium - 2,2 MPC), biogenic substances (fluorides -17,5 MPC), heavy
metals (manganese (2+) — 1,6 MPC).

In Lake Shchuchye, the excess of MPC was recorded for substances from the groups of biogenic
substances (fluorides — 8,0 MPC), and heavy metals (manganese (2+) — 2,0 MPC).

In Lake Kishi Shabakty, excess MPCs were recorded for substances from the main ion groups
(chlorides — 6,1 MPC, sulfates — 12,4 MPC, magnesium — 10,0 MPC), biogenic substances (fluorides — 16,1
MPC, ammonium salt — 1,6 MPC), heavy metals (manganese (2 +) — 5,0 MPC, copper (2+) — 1,2 MPC).

In Lake Karasye, the excess of MPC was recorded for substances from the groups of biogenic
substances (salt ammonium — 9,1 MPC, total iron — 1,1 MPC, fluorides — 3,1 MPC).
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In Lake Sulukol, the excess of MPC was recorded for substances from the groups of biogenic
substances (fluorides — 4,6 MPC, ammonium salt — 2,3 MPC, total iron — 7,3 MPC), organic substances
(phenols - 1,1 MPC).

In Lake Katarkol - excess of MPC was recorded for substances from the groups of main ions
(magnesium — 1,8 MPC, sulfates — 1,3 MPC), biogenic substances (fluorides — 11,0 MPC).

In Lake Tekekol, the excess of MPC was recorded for substances from the groups of main ions
(magnesium - 2.1 MPC, sulfates - 1.4 MPC), and biogenic substances (fluorides - 12.1 MPC).

In Lake Maibalyk, the excess of MPC was recorded for substances from the groups of main ions
(magnesium — 40,5 MPC, sulfates — 45,2 MPC, chlorides — 43,1 MPC), biogenic substances (total iron —
1,5 MPC, ammonium salt -2,8 MPC, fluorides - 6.7 MPC, nitrite nitrogen — 2,2 MPC), heavy metals
(copper (2+) — 1,7 MPC), organic substances (phenols — 1,1 MPC).

In Lake Lebyazhye, MPCs were exceeded for substances from the groups of biogenic substances
(total iron — 3,9 MPC, fluorides — 4,7 MPC, nitrite nitrogen — 1,4 MPC), organic substances (phenols - 1.2
MPC).

Conclusion

Thus, summing up the results of this section of research for 2018 on watercourses and reservoirs
of the Akmola region, it should be noted that:

- in surface waters, exceeding the maximum permissible concentration for substances from the
groups sulfates, chlorides, calcium, magnesium, saline ammonium, nitrite nitrogen, fluorides, total iron,
zinc, manganese, copper, phenol was recorded;

- among the studied rivers, according to annual indicators, rivers with a low self-cleaning ability
prevail: from class I (ratio R/BODs 1,2-4,3), which is 30% of all watercourses. This class of watercourses
includes the rivers Nura, Akbulak, Sarybulak, Zhabay, Kylshakty, the Nura-Esil Canal, and the
reservoirs - Sulukol, Katarkol, Maybalyk;

- that the Bettybulak river prevails among the studied reservoirs in terms of annual indicators —
4,3% with a high self-cleaning ability - VI class.
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3Kasax yammulx xoi30ap nedazozukarvlk yuusepcumemi, Aamamot, Kasaxcman
‘M. Axmyara amorndazol baukypm memaexemmix nedazozuxarvx ynusepcumemi, Ya, bawkypmeman
Pecnybauxacot, Pecei

AxMO2aa 00ABICBIHBIH, 2018 >XBIAFBI IMAPOXVMMSIABIK KOPCETKIITepi OOMBIHINA Cy
KOJMachl MeH Cy aFbIHAapbIHBIH ©3iH-031 TasapTy KaOiaeTiH sepTTey

Anaarmia. Makasaga AkMoaa OOABICHIHBIH KOAJepPiHiH, ©3eHAepiHiH >KoHe Cy KOliMaJlapbIHBIH
oTTeri KepceTkimrepi OoibiHIIa O3iH-031 TasapTy KabiaeTi, coHAall-aK >KeKeAereH I'MAPOXMMMUAABIK,
KOpCeTKIlTepAiH acepi (cyabdaTrap, XAOpuUATep, MarHmii, Ty3Abl aMMOHMII, HUTPUTTI a3oT,
¢ropuaTep, >KaaIbl TeMip, MBIPBIII, MapTraHell, MbIC, peHoA) KapacTeipblaadbl. Cy oObeKTiAepiHiH ©3iH-
e3i TasapTy KabideTiH TeXXeNTiH XMMUAABK ¢aKTopaapAblH illliHAe TY3Abl aMMOHMIIAIH, HUTPUT
a30TBIHBIH, >Kaanbl TemipaiH, MBICTBIH >KOFapblaayblH arall eTyre 0oaaAbl. AKMoOAa OOABICEI Cy
aliAbIHAAPBIHBIH ©3iH-031 TazapTy KaOideTiHe oOTTeri KepceTkilTepi HeridiHae Oara Oepiaai: cyaarbl
epiTiATeH OTTeTiHiH Melllepi >XoHe OTTeriHiH O1oaoruAAbIK KaxerTiairi (BITIK5). Aabinran HoTIKeAep
HeTi3iHAe e3eHAep MeH KeaJep ©3iH-e3i TasapTy KalideTiHiH aAThl KaachlHa 0©4iHAI, COHBIMEH KaTap
rpadpuK >Kacaaapl, 3epTTeAreH Cy KOiiMaJapbIHBIH apacblHAa >KaAIlbl JKbLAABIK, KOPCETKIIITep OOVIbIHIIIA
Ogsin-e3i Tasapry KabiseTi TeMmeH Keadep OachiM ekeHAiri kepiHeai. CyAblH ©3iH-031 TasapTy
IOTeHIIMaAbIHa >KeKeAereH I'MApoxuMuAAblk, KoMmnoHeHTTepAiH Mealnepi Je, cMHepreTUKaAbIK acep
etyi myMkiH KoMnioHeHTTepAiH MealIepi ge acep eTyi MYMKiH eKeHAiri aHbIKTaaabl. COHBIMEH Kartap,
o/ap TUAPOXMMMAABIK, KOMIIOHEHTTepAiH KaliChIChl KoAJep MeH e3eHAepAeri CyAbIH Ta3apTy d/1eyeTiHe
9cep eTeTiHiH 3epTTeai.

TyitiH ce3aep: cy KoliMaaapsl, Cy KoiiMaJdapbIHbIH ©3iH-031 TasapTy KabiaeTi, poTrocuHTes, oTTeri,
ruapoxumust, BPKs.
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IKasaxcxuil yrusepcumem mexnorozutl u ousreca, Hyp-Cyaman, Kasaxcman
2Eepasutickuti Hayuonarohvit ynusepcumem A.H. I'ymunresa, Hyp-Cyaman, Kasaxcman
SKasaxcxuti HAUOHAAbHBLIL XKeHcKuli nedazozuveckuti ynueepcumem, Aamamut, Kasaxcman
‘bawkupckuti zocydapcmeentotii nedazozudeckuil ynusepcumem umeru M. Axmyarvl, Ya, Pecnybauka

Bbawxopmocman, Poccus

MNsydenne camoouninamomeyi CIiOCOOHOCTH BO4O€MOB M BOAOTOKOB IO IMAPOXVIMITIeCKIM
IIOKa3aTeAssM AKMOAVMHCKOM o0aacTtu 3a 2018 roa

AnHOTammst. B craThe paccMarpmBaeTcsi CaMOOUMINAIONIAsl CIIOCOOHOCTh O3ep, pPeK U
BOAOXpaHNAUIL AKMOAMHCKOM 001acTy IO ITOKa3aTeAsM KUCAOPOJAa, a TaK’Ke BAUSHNIE OTAEeAbHBIX
IMAPOXMMUYECKUX IIOKazaTeAer, TaKuX Kak cyAbq)aTbl, XAOPMABL, MarHuii, aMMOHII COAEBOM, a30T
HUTPUTHBIN, GTOPUABL, KeAe30 oblee, MHK, MapraHell, MeAb, peHoa. Cpean xuMudecknx (pakTopos,
YTHeTaloIMX CaMOOYMCTUTEABHYIO CIIOCOOHOCTh BOAOEMOB, MOKHO OTMETUTh IIOBBIIIIEHHOE
cojepkaHue CcyabdaroB, XAOPWUAOB, KaAbIV, MarHus, aMMOHMS COJ€BOTO, a30Ta HUTPUTHOIO,
dropuaos, xeaesa oOIIIero, IIMHKA, MapTaHIla, Meau, peHoaa.

briaa gana orneHKa CaMOOYMITIAIONIEN CIIOCOOHOCTM BOAOEMOB AKMO/AWHCKON 004acTy Ha
OCHOBaHMM KUCAOPOJHBIX IIOKa3aTeJell: KOAMYECTBO PacTBOPEHHOIO KHCAOpoAda B Bode U
Oouoaormyeckass morpedHOCTh Kucaopoga (BIIKs). Pexum u osepa Ha OCHOBaHMM ITOAYyYeHHBIX
pe3yAbTaToB OBLAM pacIpejeAeHbl IIO IIecTy KJaccaM CaMOOYMIIAIOINIel CIIOCOOHOCTH, a TakXKe
rocrpoeH rpaguk, U3 KOTOPOTO BMAHO, YTO CpeAM WM3Y4eHHBIX BOJAOEMOB IIO OOIIerogoBbIM
IIOKaszaTeAsM I1peoD1ajaloT o3epa C HM3KOM cCaMOOUYMIIIAIONIell ClIOCOOHOCTLIO. YCTaHOBAEHO, YTO Ha
CaMOYMCTUTEABHBIN IIOTEeHIIMaA BOJ MOIYT BAMATb KaK IIpeBBIINIeHNEe COAep>KaHHe OTAeAbHBIX
IMAPOXMMMYECKNX KOMIIOHEHTOB, TaK M KOAMYECTBO IIPEeBhIIIIaeMbIX KOMIIOHEHTOB, KOTOpPbIe MOTYT AaTh
cuneprernueckuit pdexr. Hapsagy c 9TuM msydaam, Kakue U3 COIYTCTBYIOIIUX I'MAPOXUMUYECKUX
KOMITOHEHTOB OKa3bIBalOT BAMSIHIE Ha OYMCTUTEABHBIN IIOTeHI[MaA BOABI B O3epax 1 peKax.

KaroueBbie caoBa: BOAOeMBbl, BOAOTOKM, CaMOOUMIIIAIOIas CIIOCOOHOCTh ITOBEPXHOCTHBIX BOJ,
Ouoaormyeckas IOTpeOHOCTh KICA0PO4a, PaCTBOPUMOCTD KICA0OPOAa.
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