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The study of self-treatment capacity of water bodies
by annual average indices in Akmola region

The present article considered a question about the self-treatment capacity of lakes, rivers and reservoirs in
Akmola region based on oxygen indices. Furthermore, this study shows the influence of individual hydro-
chemical indicators (sulfates, chlorides, magnesium, ammonium salt, nitrogen nitrite, fluorides, common iron,
zinc, manganese, copper) on self-treatment capacity of water bodies. The self-treatment capacity of reservoirs
in Akmola region was assessed based on oxygen parameters such as the amount of dissolved oxygen in water
and the biological oxygen demand (BODs). Rivers and lakes were divided into six classes of self-treatment
ability. In addition, we studied the associatedhydro-chemical components that can have impact on the purifi-
cation potential of water in lakes and rivers. The results of research showed that the increased content of am-
monium salt, nitrogen nitrite, total iron and copper suppress the self-treatmentcapacity of water. The majority
of studied reservoirs by annual average indices have low self-treatment capacity. It was determined that the
excess of the individual hydro-chemical components and the number of exceeding components with synergis-
tic effect could have effect on the self-treatment capacity of water.

Keywords: reservoirs, self-treatment ability of reservoirs, photosynthesis, oxygen, hydrochemistry, BODs.

Introduction

The water resources of arid and steppe zones of the Republic of Kazakhstan are at high risk of extinc-
tion or degradation due to the number of climatic and anthropogenic factors. Rational use and restoration of
most water bodies is an important task of the country. In this regard, knowledge and use of mechanisms of
potential of water bodies in natural self-treatmentplay a significant role.

Most of the scientists believe that the support of balance between the photosynthetic activity of aquatic
organisms and the processes of mineralization of organic substances formed in water reservoirs is the main
mechanisms in the process of natural self-treatment of water bodies [1].

The indirect result of the photosynthetic activity of aquatic plants in water bodies can be the total oxy-
gen content in water. At the same time, the destruction of organic substances can be assessed by the biologi-
cal oxygen demand (BOD;, BODs). The total amount of oxygen in the water is formed from dissolved at-
mospheric oxygen. It also can be formed as the product of photosynthesis by phytoplankton, phytobenthos,
periphyton and macrophytes. The part of the oxygen is consumed on breath of hydrobionts and on participa-
tion in the chemical decomposition of inorganic and organic substances. Therefore, the total oxygen level in
the water is always higher than BOD;, and in some cases BODs. The ratio of these indicators can be taken as
a criterion for assessment of the self-treatment capacity in the reservoir: if the intensity of photosynthesis in
the reservoir is high, the water will be saturated with oxygen more actively, and the processes of destruction
of impurities in the water will be faster [2].

The purpose of the present study was to conduct a comparative analysis of the self-treatment ability of
the reservoirs in Akmola region based on oxygen indices and on the effect of individual hydrochemical com-
ponents.

As the objects of the study we used the mean results of hydro-chemical studies in 2017 of the following
rivers and lakes in Akmola region: Yesil river, Akbulak river, Sarybulak river, Bettibulak river, Zhabay riv-
er, Kypchakty river, Shagalaly river, Nura river, Nura-Yesil channel, Sultangeldy lake, Kopa lake, Zerendi
lake, Burabay lake, Ulken Shabakty lake, Shchuchinsk lake, Kishi Shabakty lake, Karasie lake, Sulukol lake,
Katarkol lake, Tekekol lake, Maybalyk lake and Lebyazhie lake. In total, we considered 8 rivers, 13 lakes,
one reservoir and 1 channel.

Materials and methods

We formed the indicators of the amount of dissolved oxygen (R) and BOD;s in the studied lakes. Fur-
thermore, we estimated the ratio of these indicators as characteristics of photosynthetic activity in the reser-
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voir to its destructive ability: R/BOD:. If the ratio is high, the ability of self-treatment in water bodies will be
high. But, when the ratio is low, the ability of the reservoir for self-treatment will also be low.
The lowest value of the ratio R/BODs was 2 in Maybalyk lake and the highest one was 13.3 in the

Bettibulak river [3] (Table 1, Fig. 1).

Average annual oxygen indicators of surface waters of Akmola region

Table 1

Surface waters of Amount of dissolved 3
No Akmola region oxygen (R), mg/dm’ BOD;, mg/dm R/BOD;
1 |Yesil river 11.2 1.65 6.8
2 |Akbulak river 10.03 1.89 53
3 |Sarybulak river 8.45 3.73 2.3
4 |Bettibulak river 9.65 0.73 13.3
5 |Zhabay river 8.3 2.37 3.5
6 |Kipshakty river 6.76 2.58 2.7
7 |Shagalaly river 9.3 2.07 4.5
8 |Nura river 10.88 2.33 4.7
9 |Nura-Yesil Channel 11.13 2.19 4.7
10 |Sultangeldy lake 10.49 2.26 4.7
11 |Vyacheslav reservoir 11.92 1.64 7.3
12 |Kopa lake 9.19 4.04 2.3
13 |Zerendi lake 9.83 1.63 6
14 |Burabay lake 8.46 1.1 7.7
15 |Ulken Shabakty lake 8.72 0.84 10.4
16 |Shchuchinsk lake 9.06 0.97 9.4
17 |Kishi Shabakty lake 8.29 1.00 8.3
18 |Karasie lake 6.28 1.21 5.2
19 |Sulukol lake 6.02 2.48 2.5
20 |Katarkol lake 6.03 2.82 2.2
21 |Tekekol lake 7.59 1.11 6.9
22 |Maybalyk lake 5.47 2.65 2.0
23 |Lebyazhie lake 3.44 1.47 2.3
!
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Figure 1. The mean annual oxygen indicators of surface waters on the map of Akmola region
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The variation number was made for the convenience of the approximation and it was divided into 6
classes (Table 2). The size of the variation class was 1.8.

Table 2
Classes of water bodies based on self-treatment ability

Class R/BODs f Ability to self-treatment
1 2-3.8 8 Very weak
11 3.9-5.7 6 Weak
11 5.8-7.6 4 Average
v 77-9.5 3 Average
)\ 9.6-114 1 Good
VI 11.5-13.3 1 High

Results and discussions

Figure 2 shows the results of the study, where we can see that based on annual indicators, the lakes with
low self-treatment capacity dominate among the other studied lakes: class I (R/BODs ratio is 2-3.8) takes
30.5 % of all reservoirs. This class of water bodies includes Sarybulak river, Zhabay river, Kypshakty river
as well as Kopa lake, Sulukol lake, Katarkol lake, Maibalyk lake and Lebyazhie lake.

Based of self-treatment capacity 26 % of the studied water bodies belongs to class II: Akbulak river,
Shagalaly river, Nura river, Nura-Yesil Channel, Sultangeldy lake and Karasie lake.

17.4 % of water bodies were referred to Class III (R/BODs of 5.8 to 7.6): Yesil river, Vyacheslav reser-
voir and Tekekol lake.

Class IV (R/BODs 77-9.5) contains 13 % of all lakes and rivers: Burabay lake, Shchuchinsk lake, Kishi
Shabakty lake.

Both class V (R/BODs9.6-11.4) with Ulken Shabakty lake and class VI (R/BODs 1.5-13.3) with
Bettybulak river contain 4.3 % of all water bodies.

Il 1l v V VI

Classes

O = N W B Oy~ 0
L

Figure 2. The numerical value for water bodies of Akmola oblast according to classes of ratio R/BODs

Table 3 provides information about the pollutants that effect on the photosynthetic activity of hydro-
phytes and depress the activity of saprobionts in the IV, V and VI classes of reservoirs with low self-
treatment capacity.

As we know, threshold limit value (TLV) in natural waters can be accessed from the point of view of
human toxicology. Nevertheless, the indicators toxic threshold of the same substances on biocenosis have
still not been applied. Usually toxic threshold is determined for each species individually. Taking into ac-
count this fact, we conditionally applied the TLV for control the excess content of certain elements [4].

It can be noted from the data above, the reservoirs with low self-treatment capacity show high content
of ammonium salt, fluorides, iron, zinc, manganese, copper in water.
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In the reservoirs of the I class the content is exceeded by 3—4 components as ammonium salt (9.2 TVL),
nitrite nitrogen (145 TVL), fluorides (5.5 TVL), zinc (540 TVL) in the Sarybulak river. In the Zhabay river
was the mean excessive concentrations of zinc (210 TVL), manganese (2270 TVL) copper (1500 TVL).
There was excess of ammonium salt (6 TVL) iron total (20 TVL), manganese (22570 TVL) in Kypshakty
river. In Kopa lake ammonium salt (2.6 TVL), iron total (13 TVL), zinc (120 TVL), manganese (760 MPC)
were exceed, while in Sulukol lake there was excess of ammonium salt (6.8 TVL), fluorides (4.4 TVL), iron
total (48 TVL). Katarkol lake demonstrated the high content of ammonium salt (5.8 TVL), fluorides
(8.8 TVL), zinc (160 TVL). The multiplicity of excess ammonium salt (7.8 TVL), fluorides (6.3 TVL) were
recorded in Maybalyk lake. There was excessive content of ammonium salt (5.6 TVL), fluorides (5.5 TVL),
iron total (49 TVL) in Lebyazhielake.

The reservoirs of the II class also showed high concentrations of the studied components, they con-
tained from 2 to 4 elements. For instance, in the Akbulak river there was the excess of TVL by 4 compo-
nents, however, this excess was relatively low in comparison with those in reservoirs of the I class: Karasie
lakehad excess of ammonium salt (29.6 TVL), fluorides (2.7 TVL). Akbulak river showed high content of
ammonium salt (6.6 TVL), nitrite nitrogen (65 MPC), fluorides (5TVL) and zinc (170 TVL). There was ex-
cess of ammonium salt (2.8 TVL), iron total (23 TVL) and manganese (3850 TVL) Shagalaly river. Nura-
Yesil channel had high content of ammonium salt (3.4 TVL) and nitrite nitrogen (65 TVL). There was excess
content of ammonium salt (2.4 TVL) and zinc (140 TVL) in Sultankeldy lake.

The average treatment capacity of III and IV class reservoirs was also accompanied by excess of TVL
on some components. For example, Vyacheslav reservoir showed a multiplicity of excess of zinc (160 TVL)
and copper (1100 TVL). In the Yesil river was excess of zinc (170 TVL) and manganese (270 TVL). Lake
Tekekol had relatively high concentration of ammonium salt (3 TVL), fluoride (13 TVL) and zinc
(120 TVL). Zerendi lake demonstrated high content fluorides (3.5 TVL), zinc (180 TVL) and manganese
(380 TVL). The content of fluoride (8.7 TVL) and manganese (270 TVL) was also high in Shchuchinsk lake.
Kishi Shabakty lake exceed the amount of ammonium salt (4 TVL), fluoride (to 18.6 TVL) and manganese
(440 TVL). There was exceed concentration of fluorides (4.2 TVL), zinc (130 TVL), manganese (420 TVL)
in Burabay lake.

The water bodies with high level of self-treatment capacity represent a comparative interest (V and VI
classes). In comparison with I and II classes, they showed less excessive concentrations of selected elements:
Ulken Shabakty lake showed the excess of fluoride (19.8 TVL) and manganese (210 TVL). There was the
excess of zinc (140 TVL) and manganese (400 TVL) in the river Bettibulak.

It should be noted that the reservoirs of V and VI classes did not show contamination on ammonium
salt, nitrogen nitrite, iron total and copper.

Bettibulak river from VI class with the highest self-treatment capacity demonstrated the excess of TVL
only for zinc and manganese. The elements are not involved in the inhibition of the photosynthetic process
and do not inhibit the activity of heterotrophic bacteria.

The observed lakes showed a low content of sulphate ions, chloride and magnesium and practically did
not exceed the TVL.Therefore, their effect on the self-treatment capacity of these reservoirs was excluded.

Thus, among the many factors which can have effect on the self-treatment capacity of water bodies we
can note the influence of high content of such chemical components as ammonium salt, nitrite nitrogen, iron
and copper. However, the concentration sulfates, chlorides, magnesium, increased zinc and manganese in the
water had no effect on the treatment capacity.

Conclusions

1. From the 23 reservoirs in Akmola region 60.8 % of rivers and lakes (I-II classes) have a weak self-
treatment capacity. The average (satisfactory) self-treatment capacity wasin 30.4 % of reservoirs (III-IV
classes); good self-treatment capacity was in 8.6 % of reservoirs (V—VI classes).

2. The excess content of individual hydro-chemical components and the amount of exceeded compo-
nents with synergistic effect can influence on the self-treatment capacity of surface waters.

3. The increased content of ammonium salt, nitrite nitrogen, iron and copper can lead to the inhibition
of the self-treatment capacity of reservoirs.

4. Sulphates, chlorides, magnesium, increased content of zinc and manganese do not have particular in-
fluence on self-treatment capacity of water.
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Oprama KpUIIBIK KepceTKiTep 00HbIHIIA AKMO0JIa 00JIBICHIHAAFbI
cy o0beKTijIepiHiH 63iH-03i Ta3apTy KalijeTiH 3epTTey

Makainaza otTeri kepceTkimrepi OolibIHIIIa AKMOJIa 0OIBICHIHBIH KOJIAEPI, ©3CHACPI )KOHE Cy KOWMAaIapbIHBIH
©31H-031 Ta3apTy KalijeTi KapacTHIPBUIFaH, COHBIMCH KaTap Cynb(ar, XJIOPHJ, MarHui, Ty3Abl aMMOHHI,
HHUTPHUTTI a30T, (TOPHJ, JKAIMBl TEMip, MBIPBIII, MapraHel, MbIC THAPOXHMHSUIBIK KOPCETKIIITEPIiH OCHI
KabineTke acepi 3epTTenreH. O3iH-031 TazapTy KadileTiHe Kepi acep eTeTiH XUMUSUIBIK (DaKTopiap apachlHAa
TY3/1bl aMMOHHM, HUTPHUTTI a30T, JKaJIIIbl TEMIp, MBICTBIH JKOFapFbl KOJIEMiH aTayra Gonaasl. AKMOIa OOJIBICHI
Cy KoiMasapbIHbIH ©3iH-031 Ta3apTy KabineTrine Oara OepiireH: Cyaa epiTiireH OTTeri KejeMi )KoHe OoTTerire
ouonorusuibik Tanan (BITKs) nHerizinme. ©3eH, KOJJICH albIHFaH HOTIKENEp ©3iH-031 Ta3apTy KabineriH 6
CHIHBIIT OOMBIHIIA pEeTTeyre MYMKIHIOIK Oepxi, COHIal-ak onapiblH HeriziHae rpapuK TYPFBI3BUIIBL.
ABTOpIapMeH aynblH ©3iH-031 Ta3apTy oJieyeTiHe KeiOip THIPOXMMHSIBIK KOMIIOHEHTTEpPAiH, COHBIMEH
KaTap CHHEPTeTUKAIIBIK THIMIUIITT 6ap KOMIIOHEHTTEPIIH KO MOJIIIEPi 9cep CTETIH/AIr JoNeIACH L.

Kinm ce30ep: cy KoWMamapbl, Cy KOMMalapbHBIH ©3IHAIK TazalaHy KabOineri, (OTOCHHTE3, OTTeri,
ruapoxumust, ObKs.

H.C. MawmsiToBa, JI.X. AkbaeBa, A.)K. Kymabekosa, E.A. Tynerenos, b.H. Aybakuposa

N3yyeHune caM004HUCTUTEIbHOM CIIOCOOHOCTH BOJI0EMOB
AKMOJIMHCKOH 00/1aCTH 10 CPeIHEr010BbIM MOKA3aTeasIM

B cTathe paccMOTpeHbI CaMOOYHINAIONIAs CIOCOOHOCTh 03€p, PEK U BOJOXPAHUIMIL AKMOJIUHCKON 00JIacTH
0 TIOKa3aTelsiM KUCIOPO/a, a TAKKE BIMSHHUE OTAENbHBIX THAPOXUMHYECKHX MOKa3aTeNel, TakKuX Kak Cylb-
(atbl, XJIOpUABI, MarHuii, aMMOHHUIT COJICBOH, a30T HUTPHUTHEIH, (PTOPUABI, XKene30 obliee, IUHK, MapraHell,
MeIb, Ha  CaMOOYMINAIONIyI0  crmocoOHOocTh.  Cpemut  XMMHYECKHX  ()aKTOpPOB,  YIHETAIOIINX
CaMOOYHCTHTEIBHYIO CIIOCOOHOCTH BOJZOEMOB, MOXKHO OTMETHTH IOBBIIICHHOE COAEPXKAHUE aMMOHHS COJe-
BOTO, a30Ta HUTPUTHOTO, )KeJie3a 00IIero, Meau. ABTOpaMHU JaHa OIEHKa CaMOOYMINAIONMIEH CIOCOOHOCTH
BOJIOEMOB AKMOJIMHCKON 0OJaCTH Ha OCHOBAHMM KHCIIOPOJHBIX MOKa3aTeseil: KONUUECTBO PACTBOPEHHOIO
KUCIIOpOJa B BOJIE M OHOJIOrnuecKas MOTpeOHOCTh Kucnopoaa. Ha ocHoBaHMM MONTydeHHBIX PE3yNbTaToOB pe-
KU 1 03epa ObIIM paclpeaeNeHsl Mo MIECTH KJIAcCaM CaMOOYHINAIONIEN CIOCOOHOCTH, a TaKKe MOCTPOEH Ipa-
(UK, U3 KOTOPOTO BHJIHO, YTO CPEAH M3Yy4YEHHBIX BOJOCMOB IO OOIIETOJOBBIM IOKA3aTENsIM MPeodIafatoT
03epa ¢ HU3KOH caMOO4HINAromeil CIOCOOHOCTHI0. Y CTaHOBIICHO, YTO HA CAMOOYHMCTHTEIBHBIN ITOTEHIIUAT
BOJ] MOJKET BIIMATH KaK MPEBHIIICHUE COAEPKAHUS OTACIBHBIX THIPOXUMUIECKHX KOMIIOHEHTOB, TaK M KOJIH-
YEeCTBO IPEBBIIAEMBIX KOMIIOHEHTOB, KOTOPBIE MOTYT MMETh cuHepreruueckuii adekr. Hapsmy ¢ atum
H3yYajd, KaKhe U3 COIyTCTBYIONMIMX THMIPOXMMHYECKIX KOMIOHEHTOB OKA3bIBAIOT BIIMSHHE HA OUHCTHTEIb-
HBIH OTEHLMAT BOJBI B 03€PaxX U PeKax.

Kniouesvie cnosa: BOIOEMBI, CaMOOYHIIAOIIAS CIIOCOOHOCTh BOZOEMOB, (hOTOCHHTE3, KUCIOPO, THIPOXHU-
mus, BIIKs.

References
1 Bulon, V.V., & Nikulina, V.N. (1976). Rol fitoplanktona v protsessakh samoochishcheniia v vodotokakh [The role of

phytoplankton in the processes of self-purification in watercourses] Hidrobiolohicheskie osnovy samoochishcheniia vod —
Hydrobiological basis of water self-purification. Leningrad: Zoolohicheskii institut AN SSSR, 15-24 [in Russian].

44 BecTHuk KaparaHgmHckoro yHusepcurteTa



The study of self-treatment capacity of water bodies ...

2 Fedorov, V.D., & Kapkova, V.I. (2006). Prakticheskaia hidrobiolohiia. Presnovodnye ekosistemy [Practical hydrobiology.
Freshwater ecosystems]. Moscow: PIM [in Russian].

3 Informatsionnyi biulleten o sostoianii okruzhaiushchei sredy Respubliki Kazakhstan za 2017 hod [Information bulletin on the
state of the environment of the Republic of Kazakhstan for 2017]. kazhydromet.kz/ru/p/ekologia. Retrieved from
https://kazhydromet.kz/ru/p/ekologia [in Russian].

4 Moiseenko, T.I. (2009). Vodnaia ekotoksikolohiia [Water ecotoxicology]. Moscow: Nauka [in Russian].

Cepus «Bronorusi. MegmuuHa. Meorpadusi». Ne 4(92)/2018 45





