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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.

3



I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
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Kazaxcran) H=11
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A.K. Kurbaniyazov'', T.T. Barakbaev?, N.S. Sambaev?, A.S. Izhitskiy,
N.K. Kurbaniyazov*

'Khoja Akhmet Yassawi International Kazakh-Turkish University,
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THE EFFECT OF SYRDARYA RIVER RUNOFF ON THE
ECOLOGICAL STATE OF WATERS THE SMALL ARAL SEA

Abstract. This scientific work examines the hydroecological state of the waters
of the Syrdarya River and the Small Aral Sea during their ecological degradation.
The analysis of the formation of the regime of the aquatic ecosystem under the
influence of river water runoff affecting salt exchange and metomorphization
of the composition of marine waters under the influence of anthropogenic
factors is carried out. Annual flows of p. The Syr Darya in the lower reaches
is characterized by instability over a long period of time, which is due to both
natural and anthropogenic factors. After the construction of the Kokaral dam, the
hydroecological state of the Small Aral Sea underwent some changes in relation
to the hydrochemical regime of waters. The waters of the Syrdarya river after
the growing season are enriched with chemical compounds from runoff from
irrigation fields. The maximum concentrations of such compounds occur in the
low runoff of the low-water period of the Syrdarya River, which gives more
background pollution with various toxicants in general.

In recent years, 4 years from 2017 to 2021, there has been low water in the
Aral-Syrdarya basin. The low flow of the Syrdarya River leads to a decrease
in the water level in all reservoirs of the basin, in summer periods acute water
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shortage negatively affects the existence of hydrobionts. The main negative
consequences of this influence are a decrease in the concentration of oxygen in
the water, an increase in salinity and toxic compounds. Conducting monitoring
work to assess the hydroecological state of the aquatic ecosystem allows timely
identification of negative impacts.

Key words: Syrdaria River, Small Aral Sea, runoff, discharge, pesticides,
hydrochemical

A.K. Kypoaunusizos', T.T. bapak6aes?, H.C. CambaeB’, A.C. Mxxunkmuii®,
H.K. Kyp6anus3zos'

'A. Slcayu arpinmarsl Xanbikapaibik Kazak-Typik yHUBEpPCHUTETI,
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KIIII APAJI TEHI3 CYJIAPBIHBIH, DKOJIOT USJIBIK JKAF JAVMBIHA
CBIPJAPBS O3EH ATBICBIHBIH OCEPI

AnHotauus. byn sxymeicta Coipnapus e3eni med Kimi Apan TeHisi cyna-
PBIHBIH OKOJOTHSUIBIK JIaFapbic Ke3€HIHIET! THUIPOIKOIOTHSUIBIK >KaFaaibl
KapacThIpbLIaAbl. AHTPOIOTEHIIK (haKTOpIapAbIH dcep €Ty kKarJailblHaa TeHI3
CyJIapbIHbIH KypamblHa Ty3 ajlMacy MeH MeToMop(du3auusra YIIbIpaHTbIH
©3CHHIH CY aFrbICBIHBIH AKOKYHETIK PEeKUMIHIH KaJIbINTACyblHA Talnay >Kyp-
rizingi. Celppapust ©3€HiHIH JKBUIABIK aFbICTapbl TOMEHI1 CaFaChIHBIH KOIl-
KBUIIIBIK KE3€HJIE TYPAKCHI3ABIKIICH CHUIIATTajaibl, Oy TaOWFU >KOHE aHTPO-
MOTeHIIK (pakTopiapra OaillaHBICTBI eKeHIH KepceTTi. Kekapam OereTin
canraHHaH keWiH Kimn Apay TeHi3iHIH THAPOIKOJOTHUSIIBIK JKaFdaibl CYIbIH
THUAPOXUMHUSUIBIK  PEKMMIHE KaThICTBI OlpKaTap e3repicTepre YIIbIPaJbl.
Celpapust ©3€HIHIH Cybl BETeTallMsJIbIK Ke3eHHEH KeHiH cyapy ajKanTapblHaH
araThlH XMMUSJIBIK KOCBUIBICTapMEH OaibIThiIa bl. MyHIAll KOCBUIBICTapABIH
€H JKOFapbl KOHIEHTpausachl ChIpAapus ©3¢HIHIH CYbI a3 Ke3CHIHIeT1 TOMEHT1
arpIcKa Kellenmi, OyJI TyTacTail anfaHia OpTYpJi TOKCHKAHTTapMEH (DOHIIBIK
JlacTaHyabl Oepeni.

Conrsl TopT xbutaa 2017 xbeuinan 2021 xputra neiiin Apan-Ceipaapus 6ac-
CeiHIHIe CyIbIH a3AbIFbl Oaiikananel. CepJapus ©3€HIHIH TOMEH arbIChl Oac-
CeiHHIH OapibIK Cy albIHAAPBIHAA Cy JCHICHiHIH TOMEH/ICYIHEe bl KeJel,
Ka3Fbl KE3CHIEP/E CYIBIH JKETICIEYIIUTIrT THAPOOMOHTTAPIBIH OOTYbIHA TEPIC
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acep ereni. bys acepain Herisri Tepic canaapsl — Cylarbl OTTETIHIH KOHIIEHTpa-
LUSICBIHBIH TOMEHJIEY1, TY3BIIBIK TIEH YIIbI KOCBUIBICTapAbIH KoFapbuiaybl. Cy
IKOXKYHECIHIH TUAPOIKOIOTHSIIBIK KaFaliblH Oaranay OONBIHIIIA MOHUTOPUHT-
TIK )KYMBICTap/Ibl )KYPIi3y *KarbIMChI3 9CEpIIep il YaKThLIbl aHBIKTAyFa MyMKIH/IIK
oepeni.

Tyiiin ce3aep: Cripaapbs e3eHi, Kinri Apas TeHi3i, ©3¢H aFbIChl, IIBIFBIC,
NECTULUATEDP, TUIAPOXUMHUS.
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BJIMSAHUE CTOKA p. CBIPJAPBS HA S9KOJIOTMYECKOE
COCTOSAHME BOJ MAJIOI'O APAJIBCKOT'O MOPA

AHHoTanusi. B panHoll palore paccmaTpuBaeTcsi T'HIPOIKOJIOTHYECKOE
cocrosinue BoA p. Ceipmapbs u Manoro ApanbCKOro Mops B NEPUOI HUX
sKojoruueckoit aerpanauuu. IlpoBomutcss aHanu3 (HOpPMUPOBAHUSA peEKUMA
BOJIHOM 3KOCUCTEMBI O] BO3ICUCTBUEM CTOKA PEUHBIX BOJ, BIMUAIOIIUX Ha
coeoOMeH U MEeTOMOP(U3ALUI0 COCTaBa MOPCKUX BOJA B YCJIOBHUSX BIIUSHUS
aHTpororeHHsIX (hakropos. ['onoBsie cToku p.ChlpAaphs B HIDKHEM TEUEHUH 32
MHOTOJIETHUM MEPHO/ XapaKTEepU3yeTCcs HECTaOMIbHOCTBIO, UTO 00YCIIOBIIEHO
KaK MPUPOAHBIMHU, TaK W aHTponoreHHbIMU (akropamu. Ilocne coopyxenus
Koxapanbckoii MI0TUHBI THAPOIKOIOTHYECKOE COCTOsIHUE Majoro ApaibcKoro
MOpS MOABEPITIOCh HEKOTOPHIM M3MEHEHHUSM B OTHOILIEHUU THAPOXHUMHYECKOTO
pexkuma Boa. Boziel p. Ceipapbst mociie BereTaliioHHOro Neprojia 000ramaTcs
XMMHUYECKUMH COEIMHEHUSIMU U3 CTOKA C MoJeil opolieHus. MakcumalbHble
KOHILIEHTPAIMM TaKUX COCIUHEHUH MPUXOJATCS HAa HU3KUN CTOK MaJOBOJIHOTO
niepuoga p. Ceipapses, uto 0osiee BhIAAeT (POHOBOE 3arpsI3HEHUE C PA3IMUYHBIMU
TOKCUKAHTAMHU B LIEJIOM.

3a nocnennue yersipe roga — ¢ 2017 nmo 2021 rr. — Ha Apano-CeiplapuHCKOM
Oacceiine HabmromaeTcss manoBoabe. Huskuit crok p.Ceipaapbs TPUBOAHUT K
CHIDKEHMIO YPOBHSI BOJIbI BO BCEX BOjloeMax OacceiiHa, B JIeTHHE IEPUO/IbI OCTpast
HEXBAaTKa BOJbl OTPULATEIbHO BIMSAET HA CYLIECTBOBAaHUE TMIPOOMOHTOB.
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OCHOBHbIE HETaTHUBHBIE MOCIEICTBUS ATOTO BIMSIHUS — CHM)KEHHUE KOHLIEHTpa-
LMY KUCJIOPO/Ia B BOZE, POCT COJICHOCTH U TOKCUYHBIX coenHeHu. [IpoBenenue
MOHHUTOPHUHIOBBIX PabOT MO OLEHKE TUIPOIKOJIOTHUYECKOTO COCTOSHUS BOJIHOM
9KOCHCTEMBI MO3BOJISIET CBOEBPEMEHHO BBISIBIIATH HETAaTUBHBIE BO3CHCTBUS.

KuaroueBsle cioBa: peka Coipaapbsi, Maoe ApalibCKOe MOPE, pEYHOM CTOK,
pacxofl, NECTUIUAbI, THIAPOXUMHUYECKHUH.

Introduction. On the scale of global anthropogenic degradation of all
components of the natural environment of the Aral Sea region, a separate
important problem is the study of deep changes in the aquatic environment of
the reservoirs of the Aral Basin.

The main changes that have occurred since the beginning of the drying of the
Aral Sea include the following:

- the continuing drop in the surface level of the Great Aral Sea, salinization
of its waters to 120-160%, the dismemberment of the sea into separate relatively
deep-water areas (Izhitskiy et al., 2016; Izhitskiy et al., 2021);

- significant changes in the aquatic ecosystem of the Small Aral Sea: ongoing
processes of water desalination (Andrulionis et al., 2022), formation of specific
hydrochemical (Izhitskaya et al., 2019) and toxicological regimes, restoration of
native species of hydrofauna.

-transformation of the Syrdarya River in the years of the greatest environmental
stress into a natural channel for the discharge of collector and drainage waters
saturated with pesticides, fertilizers and salts entering the Small Aral Sea.

After the separation of the Small (Northern) Aral Sea from the southern part
of the sea, its level continuously decreased, the process of intensive salinization
continued. However, with the commissioning of the Kokaral earthen dam in
1996, as well as with the supply of Syrdarya water to the Small Sea, from 1989
to 1998 in a volume of 3 to 8 km?, for the first time in the last 30 years, the fall
in the level of the Small Sea was stopped.

The salinity value has significantly decreased in comparison with 1992, in
absolute terms, the average salinity for the compared period decreased by 6.5%,
the maximum — by 11.1%.

Analyzing the data of long-term materials for the period from 1780 to 2019,
the change in the state of the Aral Sea can be divided into 3 periods: 1. The Aral
Sea during the period of natural formation (1780-1960). 2. The Aral Sea during
the period of intensive water level decline (1960 - 1987). 3. The Aral Sea after
its division into two parts (the Big and Small Sea 1987 —2019).

The rise in the level of the Small Sea led to the partial filling of previously
dried-up bays, and fourth, the threat of self-deepening and self-extension of the
channel from the Small to the Big Sea was eliminated, which could lead to the
collapse of a single water area of the Small Aral.
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According to the international agreements of the Central Asian states, the
share of the Aral Sea and the deltas of the Syrdarya and Amudarya rivers was
estimated at 4,5 km® per year for water supply, of which 3,0 km® along the
Amudarya River is below the Takhiatash hydroelectric complex (the minimum
volume of sanitary releases (Kipshakbaev et al., 2002). It is known that in order
to preserve the Aral Sea at the current level (Large and Small Seas), the water
supply according to approximate calculations is estimated at 8-10 km?®, while
the need of the Syr Darya and Amu Darya deltas is 6,0 km®. The systematic
study of the influence of these and a number of many different factors on the
formation of the biological and hydrochemical regime of the reservoirs of the
basin, the creation of hydraulic structures is undoubtedly of scientific interest
and can outline ways of optimal functioning of aquatic ecosystems in conditions
of a variety of anthropogenic influences. The purpose of our research is to assess
the state of the hydroecological state of the Small Aral Sea.

Materials. The necessity and significance of the study are related to the fact
that the physical, chemical and biological regimes of the Small Aral Sea, which
has lost about 90% of its volume over the past half century as a result of the
combined effect of anthropogenic load and global climate change, are in the
process of radical restructuring taking place before our eyes. These processes
are studied relatively poorly. As you know, in the lower reaches of the Syrdarya
River, already in the second half of the last century, there was an acute shortage
of water, and about 30 years ago, the flow was reduced to almost zero at its
mouth. But at the end of the 80 years on the territory of the former USSR,
people’s views on the state of the environment changed a lot, and the dekhans
of the Syr Darya began to take more care of water resources. As a result, already
in the early 90s, water along the Syrdarya River began to flow regularly into the
northern part of the Aral Sea (Amirgaliev, 2007). Although the volume of this
water was about 2-4 times less than the amount of natural runoff (14,9 km?), it
was enough to water a significant part of the modern Small Aral Sea, thereby
starting the desalination process itself. If in 2010, the value of the annual runoff
at the mouth of the Syrdarya River reached 10 km?, at present the value does not
exceed the limits of 4,4 km?®.

Analyzing the values of annual water runoff according to the Kyzylorda
Center “Kazhydromet”, the maximum flow of the Syrdarya River into the Small
Aral Sea over the past ten years was noted in 2010 — 9198 million m>. In 2011,
the annual flow was 4636 (million m?®), such a decrease in runoff, apparently,
is associated with the intake of water to irrigated there is a significant amount
of land in summer and autumn. Analyzing the data for 2012-2014, the values
amounted to 4,106-5,134 million m?.

The value for 7 months of 2015 amounted to 3.473 million m?, for the 8th
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month of 2016 amounted to 2600 million m? as can be seen, the trend decreased
every year, in 2018 and 2019 there is a decrease in runoff to a minimum value.
The entire summer period of 2019, the river almost became shallow, and only by
the beginning of September there was a release of water from the upper reaches.

On the territory of the Kyzylorda region, there are about 170 collector-drainage
water discharges, which significantly affects the formation and accumulation
of polluting properties on the river and sea. The main polluting subjects are
water discharges from farmland — rice fields, melon cultivation and td, saturated
with nitrogenous and nitrate compounds. In the toxicological regime, the
concentration of heavy metals at times slightly exceeds the regulatory values of
the maximum permissible concentrations (MPC), since there are no particularly
polluting facilities of factories and factories within the Kyzylorda region.

The degree of content of biogenic elements in the waters of the Syrdarya River
and the Small Sea remains significant today. The concentration of nitrogenous and
nitrate groups is always higher than the MPC values. The ongoing anthropogenic
pollution of the aquatic ecosystem of the Aral Small Sea and the Syrdarya
River by transboundary runoff and discharge of industrial, agricultural and
household wastewater into them is currently an important problem. According
to the Environmental Information Bulletins, back in 1998-2000, the water of
the Syrdarya river was characterized by the degree of contamination in the vast
majority of cases as polluted with values higher than 2.5. Priority polluting
indicators are petroleum products, pesticides, phenols — up to 3.0-4.2 MPC,
nitrogen compounds up to 3.0 MPC, copper 2-4 MPC. Thus, the study of the
hydroecological state of the waters of the Syrdarya River and its impact on the
ecosystem of the Small Aral Sea is the most important scientific task.

Research methodology. Hydrological studies on the calculation of the water
level and volume were carried out quarterly, and these data were compared
with the indicators of Kazhydromet. Hydrochemical observations were carried
out throughout the water area of the Small Aral Sea at 16 observation points.
Sampling was carried out from the surface and bottom layers of water according
to generally accepted methods (Abdimutalip et.al., 2017). The content of oxygen
dissolved in water was determined by the Samara-2B analyzer, the hydrogen index
— CONSORT—-C932. Instrumental determination was duplicated by laboratory
methods. Determination of the ionic composition and properties of water was
carried out in the laboratory by titrimetric and colorimetric methods according
to existing methods. The determination of the water class by mineralization and
the content of basic ions was carried out according to the methodology of O.A.
Alekin (Alekin, 1959). The data on the toxicological state of the water of the
Small Aral Sea were presented by the certified laboratory “Kazecoanalysis”
(Kazecoanalysis, No. 1-15 2015).
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Research results. The Syr Darya River was significantly regulated in the first
half of the last century. Since then, the highest monthly water consumption is
typical for the beginning of spring, the minimum — for the entire summer period.
This distribution of river flow is due to large volumes of water for irrigation of
agricultural fields in the upper and middle reaches. The spring flood in the lower
reaches of the Syrdarya River usually begins in late March and early April. Then,
due to the filling of the overlying reservoirs and water intakes, along with the
level rise, a decline begins in April (Figure 1).
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Figure 1 — Graphs of intra-annual distribution of the Syrdarya river run off for individual years

Analysis of water consumption for the period from May 20 to June 20 during
the study period shows a sharp drop during this period from 97.5 m’/s from
May 26 to 53.7 m?/s - until June 20. This in turn causes a decrease in the water
level, which creates unfavorable conditions for the natural reproduction of fish.
Downstream of the Syr Darya River in the Kokbulak and Tomenaryk channels,
there is a decrease in runoff. The decrease is severe in the lower, closing basin of
the Syrdarya River, the alignment is significantly lower than in the Tomenaryk. It
is likely that the increase in water intakes in the upper reaches of the river caused
a decrease in flooding in the Tomenaryk —Kazalinsk section. As a result, the flow
costs for irrigation in the upper and lower reaches of the river were partially
offset by a reduction in river water losses due to spills in the floodplain of the
lower reaches (Bostanova et.al., 2016).

Analyzing the loss of river flow for one month (June), in comparison with the
hydraulic posts, you can see a reduction in flow by 1-g/post -703 million m®, by
2- g/post -56 million m?, by 3- g/post -15 million m®, by 4- g/post -88.5 million
m?, by 5- g /post -30 million m*. Such a significant difference in the loss of river
flow is associated with a large fence for irrigation of melon crops and irrigated
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pastures, starting from g /post Tasboget to g/post Kazaly. The loss of runoff at
each g/post averages 60 million m® of water (Table 1).

Table 1 — Monthly distribution of the flow of the lower reaches of the Syrdarya
river by hydraulic posts (million m?)

Hydro posts Months
> 5} g 8
2|3 |= z |8 |E |E
SIE B IE |z le | |B |2 |2 (28
= O] S s |3 g 5 5 S 3] 5 | o
= = = < P = = < @ o Z A
Syrdaria -Koktobe | 693 [337 | 107 [ 428 | 659 | 918 | 89 | 615 | 309 | 202 | 602 | 650
Syrdaria -Tasboget | 459|359 | 145|149 | 111 | 215 | 191 | 292 | 286 | 113 |348| -

Syrdaria-Karaozek | 389|277 |57,9134,1|72,8| 159 | 171 | 312 | 177 | 47,7 263|373
Syrdaria -Zhosaly | 217 | 190 | 118 | 10597,3| 144 | 138 | 166 | 156 | 102 | 207 | 245
Syrdaria -Kazaly | 443|405 |72,2|83,4|26,6|55,5| 107 | 216 | 207 | 54,6 | 189|333
Syrdaria- Karateren |334| 274 | 139 | 33 |26,8]25,5|88,1|70,3| 289 | 102 | 180|199

The lowest monthly expenses (in some years - 6-10 m*/s or 16-50 million m?)
at the mouth of the river are observed in the summer months, when irrigation of
agricultural land is in full swing. With such a flow rate, the movement of water
in the main riverbed is practically not detected by a conventional hydrometric
turntable.

At the end of the irrigation season, the water flow in the river increases again
and reaches up to 150-200 m?/s. Currently, the new mouth of the Syrdarya River
is branched into dozens of branches having very different sizes. Most of the arms
are shallow, overgrown with reeds and are not of interest as a fish walker. During
the summer autumn, most of them dry up, and the main channels greatly slow
down the currents, the estuary bar is exposed.

The extensive networks of irrigation and collector channels located lead to a
strong change in the flow regime along the river not only during the irrigation
season, but also throughout the autumn-winter period. The latter is due to the
fact that each regulator (dam with sluices) accumulates a certain amount of water
even during the absence of irrigation, and this often happens purposefully in
order to save settlements from flooding (Kipshakbaev et.al., 2010). However,
the above-mentioned irrigation channels located in the middle and lower
reaches of the Syrdarya River, built mainly during the Soviet period, are not
“sheathed” with anti-filtration materials. As a result, a significant part of the
water supplied through the channel penetrates through their walls, forming huge
swamps stretched along the shores. Their areas reach hundreds and thousands
of hectares. A very large amount of water evaporates from their surface every
year, and is also filtered into the soil, that is, a huge amount of the runoff of the
Syrdarya River is wasted.
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The sources of anthropogenic pollution of the Small Aral Sea in the Kazakh
part of the basin are mainly the transboundary influx of toxicants (pesticides,
metals, etc.) along the Syrdarya River, as well as agricultural and industrial
facilities located in the republic.

Intensive intake of collector —drainage waters from irrigated massifs into the
river network in the summer and autumn periods and the flushing of pesticides
from the surface of the catchment area and irrigated lands during winter thaws
and spring snowmelt are the main factors of pollution and changes in the
composition and properties of water, also affecting salinity in general. Interannual
and seasonal fluctuations in water runoff over many years, due to the influence
of various natural and anthropogenic factors, as well as violation of the natural
water-salt regime of soils of vast territories of the river basin and unreasonable
irrigation, can significantly change the nature of the denudation process of the
basin and the chemical composition of the river runoff carried into the Small
Aral Sea (Amirgaliev et.al., 2003).

The change in salt runoff is mainly due to the continuous salinization of
river waters under the influence of collector-drainage runoff formed in various
river flows and conditions of general violation of the natural salt regime of soils
and groundwater in the catchment area. During periods of reduced water runoff
and increased anthropogenic impacts, the river is characterized by a decrease
in the relative index of calcium and bicarbonates, the comparative constancy
of magnesium ions, which is associated with an increase in the removal of the
proportion of sulfate compounds from their basins. The process of diffusion
mixing of salts, directed towards equalizing the concentrations of solutions, is
accelerated under the influence of wind mixing of water masses, the difference
in their density, temperatures. The diffusion rate is proportional to the gradient
of salt concentrations in solutions. This explains the observed increase in the
intensity of desalination of the sea in years of higher salinity.

The main ionic effluents are characteristic of sulfates, and among the cations,
the effluents of alkali metals and calcium by seasons mainly correspond to the
distribution of water runoft during the year. The runoff of mineral salts (45-
59%) occurs in the spring and summer months. The volume of salt runoff of
rivers primarily depends on water runoff, there can be no direct proportionality
between these indicators due to differences in water mineralization. In the
conditions of the natural regime and in the initial stages of anthropogenic load
(1937-1970), the relationship between these indicators changed from 0,44 to
0,94. In subsequent periods of increased anthropogenic impact, it increased to
1,55 — 1,87. This period is naturally characterized by a decrease in salt runoff
and its indicator.

Characterizing the composition of the water of the Syrdarya river according
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to Alekin’s classification, the water is sulfate-chloride type II (Alekin, 1953;
Yu, 1973). The subsequent chain of mineralization can be formulated by the
following scheme:

Ca Ca Mg Ca NaM,
Call > Sn > SH_> SII >

The content of ammonium and nitrate nitrogen in water is subject to
seasonal fluctuations. The concentration of ammonium nitrogen in river water
is contained in the range of 0,15-0,32 mg /dm’, nitrates — 2,06-6,25 mg /dm?,
mineral phosphorus 0,020-0,098 mg /dm°. Fluctuations in the content of biogens
in the long-term aspect is uneven, as it is caused by water runoff and the intra-
annual cycle, many biological processes are associated with abiotic factors. In
recent years, there has been an increase in ammonium and nitrate nitrogen, as
well as mineral phosphorus, the concentration of which reaches the values of the
MPC of the regulatory level for fisheries significance. Seasonal fluctuations of
biogenic elements are distributed unevenly, excess is observed in spring periods.

An increase in the concentration of phosphorous compounds according to
research data is recorded above the sections of the Syrdarya River in the South
Kazakhstan region. One of the reasons is obviously related to an anthropogenic
factor, such as an increase in the amount of phosphorus fertilizers used in the
basin in recent years, during the period of increasing water runoff, which amplify
erosion processes in the basin.

The main sources of pollution areSyrdarya rivers are the discharge of collector-
drainage waters from rice and cotton fields. As is known, pesticides such as
dichlorodiphenyltrichloromethylmethane (DDT), aldrin, heptachlor, etc., as well
as industrial chemicals, polychlorobiphinyls (PCBs) and hexachlorobenzene are
among the 12 persistent organic pollutants (POPs) defined by the Stockholm
Convention in 2000. Taking into account the dangerous impact on the natural
environment and the possibility of leading to irreversible processes at the genetic
level in the “Concept of Environmental Safety” of the Republic of Kazakhstan for
2004-2015yy, a program for control, monitoring and management of persistent
organic pollutants has been developed (Decree, No. 1241-2003-03.12).

This document also states that, despite the huge variety of new plant protection
products, various pesticides are still found in the analyzed samples on the
territory of Kazakhstan. The basin of the Syrdarya River is not in this relationship
either. According to available data, only from 1975y to 1990y, more than 1015
thousand tons of pesticides were used in the Aral Sea region, on average 20-25
kg per 1 ha per year. During this period, more than 55 million tons of mineral
fertilizers were used in the Aral Sea region, an average of 400 kg and 1 ha per
year. According to Kazhydromet data, in 1986-1990yy, the total concentration
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of hexachlorocyclohexane y isomer (HCG) and DDT metabolites in the water
of the Syrdarya River at the Kokbulak transboundary alignment reached 0,376
and 0,397 micrograms/dm?, respectively. The maximum concentrations of DDT
metabolites up to 1,939-4,906 mcg/dm’® were observed in the Kyzylorda region
in the summer, while the HCG content increased to 0,824 mcg/dm?. Downstream
in Kazalinsk, near the Aral Sea, HCG and DDT were detected in the spring
in amounts up to 1,022 and 0,892 micrograms/dm?, respectively. Despite the
agreements adopted over the past 15 years on water problems in Central Asia and
the requirements of international documents on regulating the issue of sharing
water resources of transboundary watercourses along the Syrdarya River, the
influx of pollutants into Kazakhstan from the territory of neighboring states
continues (Toleubaeva, 2006).

The entry of pesticides into the river network and their transformation within
the water basin obviously depends not only on the water content of the year in
the river basin. The dynamics of the removal of toxicants from irrigated massifs
is due to a number of factors, including the amount of pesticides used in the
basin, drainage conditions of irrigated mapsives and river valleys, temperature
conditions, precipitation in certain seasons.

According to the results of studies in the intra-annual regime of pesticide
concentrations in river water, two peaks were established. The first peak falls
on the period from September to November and is due to the intensive flow
of collector-drainage waters from irrigated massifs into the river network. The
second peak is observed in early spring and occurs as a result of the flushing of
pesticides from the surface of the catchment area and irrigated lands during winter
thaws and spring snowmelt. In June and July, the concentration of pesticides in
the water of the Syrdarya river is minimal or absent. The autumn rises in the
concentration of pesticides in the waters of the estuary of the river occur 1 and 2
months later than in the upstream areas, which depends on the time of arrival of
more polluted waters, filling of the Shardarinsky reservoir and on the observed
values of water flow in the river (Ermakhanov et.al., 2012; Aladin et.al., 2018).

According to studies conducted in the spring and autumn periods of 2010-
2013-2019yy, only organochlorine forms were found. Of these, DTT metabolites
were not established, but HCG isomers were constantly present, especially
elevated concentrations were recorded in the spring. Within the Kyzylorda
region, the waters of the Syr Darya were studied at three sites: Amanotkel, Aklak
and Estuary. Maximum concentrations of 0,035 micrograms/dm? were observed
at the Amanotkel station. The minimum values were typical for the estuary part
at the mouth of the estuary — 0,023 mcg/dm®. The average content of pesticides
in the waters of the river and sea are shown in table 2.
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Table 2 - Average concentration of pesticides in the water of the Aral Small
Sea and the Syrdarya River within the Kyzylorda region in 2015y

Year, month Number of Hexachlorocy- | Dichlorodip- The sum of
detected types| clohexaney | henyltrichloro- | organochlorine and
of pesticides isomer methylmethane|  organophosphate

meg/dm’ pesticides

Syrdarya River

Amanotkel 2 0,035 absent 0,035

station Aklak 1 0,025 0,0 0,025

station Ustye station 1 0,023 0,0 0,023

Small Sea

Eastern part 1 0,015 0,0 0,015

The central part 1 0,013 0,0 0,013

The western part 1 0,010 0,0 0,010

Discussion. In the Aral Small Sea, the concentration of HCG isomers was
generally stable, varying from 0,010-0,015 mcg/dm’ by average values. The
eastern part of the sea, where the pre-estuarine zone is located, is the most
polluted both in terms of heavy metals and the content of pesticides. The
results of gas chromatographic analysis of water samples taken on the Syrdarya
River and at sea over the past 4 years have shown that both the quantitative
and species composition of pesticides used has decreased. The presence of
only organochlorine pesticides — HCG isomers and rarely DDT metabolites
- is recorded in river water. In 2015y, during the spring observation period, a
single case of the presence of HCG isomers in the amount of 0,030 mcg/dm® was
recorded, while DDT metabolites were absent in the fall of 2014y. Only HCG
isomers in the amount of 0,035 mcg/dm? were registered in river water in the
absence of other types of pesticides.

According to the Ministry of Agriculture of the Republic of Kazakhstan, 123
registered names of pesticides are currently used in Kazakhstan, of which 23
are dangerous and have been discontinued. The presence of HCG isomers, in
the absence of other classes of pesticides, has been recorded in the waters of a
number of fishing reservoirs of the republic in recent years. The reason for this
is either the use of this drug in agriculture at the present time, or the gradual
flushing of toxicants accumulated in the soil layers of irrigated massifs, where
they were previously used in large quantities.

In the Kazakh part of the river. Syrdarya has 6 irrigation arrays with a total
area of 772,246 ha. The total volume of collector and drainage waters (CDW)
and household industrial effluents formed in this territory amounted to 3215,0
million m?, while the share of CDW was 2354,0 million m?, it is 90%. About
1600 million m* of CDW is formed in the South Kazakhstan region, the rest
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falls in the Kyzylorda region. Of the total amount of CDW, about 950 million
m? is discharged into the Syrdarya River basin, and the rest is diverted to natural
depressions or partially used for re-irrigation. Figure 2 shows the distribution
zones of pollution and concentration on the Aral Small Sea and the Syrdarya
River.

Figure 2 - Schematic map of the Aral Small Sea and the Syrdarya River within the Kyzylorda
region with identification of pesticide contamination zones over the past 4 years

These circumstances that have arisen in the last decade have significantly
changed the toxicological situation. There have been positive developments
associated with a certain decrease in the level of pesticide pollution of the
aquatic environment and ecosystems of the region as a whole. Comparing the
level of pesticide contamination of river water in the period from 1975y to 1992y
and in 2015-2019yy, the following features can be noted: firstly, there was a
reduction in the types of pesticides used, and secondly, there was a reduction
in their concentrations. Nevertheless, the registration of acute toxic forms of
pesticides continues in the aquatic ecosystem of reservoirs on the territory of
Kazakhstan, the level of their concentration is subject to significant spatial and
temporal changes.

Conclusion. The anthropogenic factor is dominant in influencing the
hydrochemical regime of the Syrdarya River. The integrated use of the river’s
water resources violates the ecological balance of the aquatic environment,
affects the quality of water, increasing their toxicity. Priority polluting chemicals
are petroleum products, pesticides, phenols, nitrogen and copper compounds.
According to the results obtained, HCG isomers are detected after the confluence
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of the Arys River tributary, as well as the intake of collector-drainage waters into
the river. The highest concentrations of these compounds are recorded in the
autumn period in the range from 0,026 mcg/dm’ to 0,065 mcg/dm?.

The results of the analyses show that the content of heavy metals in the water
of the Syrdarya river is uneven and varies in the interannual aspect. Most of
the detectable components are contained in concentrations exceeding the MPC:
copper by an average of 40 times, zinc 6 times, chromium, lead concentrations
within or below the permissible level.

The reduction of runoff associated with water loss leads to the drying up
of many lakes in the off-season periods thereby hindering the development of
economic efforts (nature resources). Huge water losses up to one third of the
water is wasted every year, getting enough sleep and coming out to the daytime
surface of the earth together with salts, often which this soil becomes unsuitable
for anything.

Interannual and seasonal fluctuations of water runoft over long-term periods
are caused by the influence of various natural and anthropogenic factors.
Violation of the natural water-salt regime of the soils of vast territories of the
river basin and unreasonable irrigation can significantly change the nature of the
denudation process of the basin and the chemical flow of the river carried into
the Small Aral Sea (Miklin, 2016).

Rational use of water resources of the lower reaches of the Syrdarya River is
anecessary step towards the development of the entire economic structure of fish
farming and irrigation. For this, the required reclamation works and regulation of
water flows should be carried out soon in order to avoid losses in the valley and
swampy plains of the Aral-Syrdarya basin, this aspect is especially important
in light of the predicted fluctuations in the Syrdarya runoff on a long-term scale
(Ayzel and Izhitsky, 2019).
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