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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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IJIABHBI PEJAKTOP
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www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681

MMAH®UJIOB Muxani BopucoBny, 10KTop TeXHUUECKUX Hayk, mpodeccop Yuusepcutera Hanen (Hanen,
Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Actuality. The problem of the Aral Sea is one of the most urgent
in Central Asia. The volume of the Aral Sea has decreased to almost tenth of its
mid-20™ century state, due to which the world's fourth largest sea has divided into
several smaller water bodies, while large parts of the former lake bed have been
transformed into the Aralkum desert. The current critical state of the Aral Sea
affects the ecological environment of the region. Purpose. Additionally, due to
the impact of climate change in Central Asia, there is an increase in temperature
and decrease in precipitation, which in turn regulates dust and salt storm activities
and droughts. These processes affect the strengthening of land degradation. In
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the Aral Sea region, most which can be classified as arid land, the problem of
desertification is extremely urgent. The causes of desertification are both natural
and anthropogenic in origin. Methodology. This article discusses graph-analytical
scenario of irrigated agriculture development in the Kyzylorda province in
Kazakhstan and dynamics of water surface area of lake systems and wetlands
in the Syrdarya river delta. The combined and interlinked impacts of climate
change and ecological changes on human security in the Kyzylorda region are
discussed. The article also provides an assessment of the surface water quality of
the Syrdarya river in Kazakhstan part according to the Unified System of Water
Quality Classification. Results and conclusions. The article examines the analysis
of the problems of the Kazakh part of the Aral Sea region and shows the need for
integrated water resources management, taking into account ecosystem protection,
industrial diversification and scientifically based intensification of the agro-
industrial complex. To solve environmental and socio-economic problems, it is
recommended to develop an integrated strategy "Water-Energy-Food-Ecosystem",
which will enhance investment attractiveness and help achieve Sustainable
Development Goals.

Keywords: Aral Sea, ecology, dust-salt storms, water resources, climate
change, water pollution, Central Asia
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AnHoTamus. Ozexminiei. Apan TeHi3i Moceneci Opra A3usmarsl €H ©3€KTi
JKOHE KYPJENi AKOJOTHSUIBIK TpoOieManapapiy Oipi Oosbim TaObutambl. COHFBI
OipHeNIe OMKBUIABIK iMIiHAe Apan TeHi3iHIH KejeMi XX FachIpABIH OPTACHIMCH
CaTBICTRIPFAH/Ia OHHAH Oip OeJiiriHe MeiiH a3aiibim, omeMeri KejaemMi OOMBIHIIA
TOPTIHII OPBIHAAFBI TEHI3 OipHeNme Kimm ¢y aWasiHmapeiHa OemiHml. Apan
TEHI31HIH OYPBIHFBI KCH ayMarbIHBIH KO 06JIiri ApankyM IeriHe aiHalasl, Oy
aliMaKThIH TaOWFaThIHA JKOHE aJaMAapAblH eMip Cypy JKarnaiblHa eneyil 3usH
kentipai. Kazipri yakeirra Apas TeHi3iHIH KPUTHKAIBIK JKaFJalibl aya paibIHBIH
e3repyiHe, TOMBIPAK JeTpagaliuschiHa, COHBIMEH KaTrap aybUl MapyanlbUIBIFRIHA
nma Tikenmed ocep eryme. Maxcamoi. Opra A3WAmarsl KIUMATTBIH ©3TepyiHe
OallTaHBICTHI aiiMakTa aya TEeMIEpaTypachl TYPAKTHI TYPHE JKOFApBLIAI, KaybIH-
MIAIIBIH MOJIIEepl a3asaspl, OYJI MIAHIRI JKOHE TY3IbI NaybULTAPIBIH JKULICYIiHE,
KYPFaKIIBUIBIKTBIH OENCeHAUNITIHIH apTybiHa okenemi. OCBI  ypaicTep Kep
pecypCcTapbIHbIH JeTpaJdanisCchbiHa BIKIMA eTedil. backim Oeiri apuaTi kepiepre
JKaTaTelH Apall eHIpiHIAE MIeJICUTTeHy MOocelieci ©3eKTi OONBI TaObUIAIbI
JKOHE OHBIH cebenrepi TaOWFM CHUMNATKa Ja, AHTPOIOTCHIIK (aKTopiapra
na OaimaHpIicThl. Oodicmepi. bynm wmakamama KazakcranuerH Kei3putopaa
OOJIBICHIHIA CyapMallbl eTiHIIUTIKTIH JaMybIHBIH Tpado-TamgamMaiblK ClieHapuiii
KapacTeipsiTFan. ConbIMeH KaTap, CrIpapus e3eH1 aTbIpaybIHIAFbl KO )KyHenepi
MEH CYJIBI-0aTITaKThI JKepJIepAeTi cy OeTiHIH AMHAMUKACH! TalgaHagsl. Makanamga
KJIIMMATTBIH ©3Tepyi MEH OHKOJOTHUSIIBIK ©3TepIiCTepAiH aaaM Kayilci3mirine
THUTI3ETIH apajiac *oHe e3apa OalIaHBICTHI dcepi e KapacTeIpbutanbl. CoHmaii-
ak, makanana Celpnapus eseHiHiH Kazakcran Gedirinzaeri sxep 06eTi CymapbIHBIH
camacel Cy camacel KiIaccu(UKaNUACHIHBIH OipbIHFall KyleciHe coiikec
OaramaHbl, OYJT aliMaK dKOJIOTHSICHI MEH Cy PECypCTaphlH Oackapynaa MaHBI3IbI
akrmapar Oonbim TaObuTanmel. Hamuowenep men KopwvimulHObLIap. Maxkamana
Apan eHipiHIH Ka3aKCTaHIBIK OOJITiHIH MpoOieMalaphlH Talaay dKOXKYHeIepmi
KOpFayabl, OHEPKOCITNITI OpTapanTaHIBIPYAbl KOHE arpOeHEPKICINTIK KEMIeHI
FBUTBIMHU HETI3/IENTeH KapKBIHAATYIBI €CKEPEe OTHIPHIT, CY peCypCTapblH KEMICH T
0ackapy KaKeTTIITiH KepceTeli. DKOJOTHSUIBIK YKOHE dJICYMETTiK-DKOHOMHUKAIBIK
MOceJIeNiep Il MIENTy VITiH WHBECTUIUSIIBIK TapTHIMABIIBIKTE KYIIEHTETIH JKOHE
TYpaKkTHl JaMy MaKcaTTapblHa KOJI XKETKi3yre koMekTeceTiH "Cy-DHeprus-A3bIK-
TYMIK-DKOXKYHe" HHTerpalrsiaHFal CTPATETUACHIH 1aMbITy YChIHBLIA IbI.

TyiiiH ce3mep: Apasn TeHi31 9KOIOTHS, AHABI-TY3/IbI AayBUIIAP, CY PECYPCTaPHI,
KJIIMMATTHIH ©3Tepyi, CY[bIH JacTanysl, Opra A3us
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AnHotauus. Axmyanvuocms. [IpodneMa ApabCKOro MOpsl SIBISIETCS OHOM
13 Haubosee OCTPHIX U 3HAYUMBIX IKOJIOTHYECKUX mpodieM Llentpanbhoit A3un.
B TeueHue mnociieqHUX JecATUICTHH O0bEM ApaibCKOrO MOPS COKPATHIICS
MOYTH 10 OJHOM JEeCATOM OT ypOBHS cepeauHbl XX BEKa, B pPe3ylbTare 4ero
YETBEPTOE M0 BEIMUYMHE 03€PO MUpA PaclajgoCh HA HECKOJIbKO M30JIMPOBAaHHBIX
BOJOEMOB. 3HAYMTEIbHBIC IUIOMAAM OBIBIIETO JHA TpaHc(HOPMUPOBAIUCH B
ITyCTBIHIO ApajKyM, 4TO OKa3bIBAaeT HEraTUBHOE BO3/EHCTBUE HA pEeruoHaIbHbIE
skocucTeMbl. COBpPEMEHHOE KPUTHYECKOE COCTOSIHME ApallbCcKoro Mops
(hopMHPYET KOMIIJIEKCHBIE KOJIOTHYECKUE, MEUKO-OMOIOTHIECKUE B COLIMATILHO-
SKOHOMMUECKUE IIOCIIEICTBHSL, BIUSIOIINE Ha yCTOMYUBOE Pa3BUTHE PETUOHA. []enb
uccned08amst - OlleHKa B3aUMOCBS3aHHOTO BIMSHUS KIMMATHYECKUX U3MEHEHUH
W aHTPOIOTEHHBIX (aKTOPOB HA JErpajalMio MPUPOAHBIX cucTeM [lpuapainbs,
a TaKXKe aHaJIu3 YCTOMYMBOCTH OPOLIAEMOTO 3€MJIEJENIHUS U BOJAHBIX 3KOCHUCTEM
Kesemopnuackoit obnactu Kaszaxcrana. Memoowv:. B ycnoBusx W3MEHEHUs
knumara B LleHTpanbHOM A3nu HaOMOnaeTCsl yCTOHYNBAs TEHICHIIUS TOBBILICHUS
CPEAHETOI0OBOM TEMIepaTypbl M COKpAIIEHUS KOJMYECTBA aTMOCQEPHBIX
0CaJIKOB, YTO CHOCOOCTBYET YCHJICHHMIO MBLILHO-COJIEBBIX Oyph M yBEIHMUCHHIO
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94acTOTHl 3aCyLUIMBBIX NepuoAoB. B pabdore ncnonbs3oBan rpadoaHalnTHUECKUN
MOAXOA K MOJEIMPOBAHMIO CIICHAPUEB Pa3BUTHs OPOLIAEMOrO 3eMJICIENHs,
MpoBeAEH aHAIN3 IMHAMMKH IUIOIIAAN BOJHON MOBEPXHOCTH O3EPHBIX CHCTEM U
BOJHO-00JIOTHBIX yroauii B aenbre peku Coipaapsu. Ocoboe BHUMaHUE yACICHO
KOMIUIEKCHOMY BO3JCHCTBHIO KJIMMAaTHYECKUX W JKOJOTMUECKUX (aKTOPOB Ha
0€30MacHOCTb HACETICHUS U YCTOMUMBOCTD MPUPOAHBIX CUCTEM. [JOMOTHUTENBHO
BHIMIOJIHEHA OLIGHKA KayecTBAa IOBEPXHOCTHBIX Box peku Crlppapsu B
Ka3aXCTAaHCKOH 4acTH 1Tl B COOTBETCTBHU C TpeOoBaHUsIMU EnnHON crucTeMbl
KJIacCU()MKAIIUKM KauecTBa BOJbI, YTO MIO3BOJIMIIO ONPEICINTh TEKYILEE COCTOSIHUE
9KOCHUCTEM M TMOTECHLHUAJIBHBIC 3KOJIOTHUECKHE PUCKU. Pe3yrbmamoul 1 6616000l.
[IpoBenéHHubI aHaIM3 MPOOJIEM Ka3aXCTaHCKOM YacTH ApajbCKOTO PErHoHa
MOKa3bIBACT HEOOXOAUMOCTDh MEePeXoAa K KOMIUIEKCHOMY YNPaBJICHUIO BOAHBIMU
pecypcaMu ¢ y4€TOM COXpaHEHHUS! 3KOCHCTEM, TUBEPCHU(PHUKALNU 3KOHOMHMKH U
Hay4YHO OOOCHOBAaHHOW HMHTCHCH(HKALMK arpoONpOMBIIIICHHOTO KOMIUIEKCA.
YcTaHOBIEHO, YTO JIeTpalalliOHHBIE POLECCH B PETHOHE UMEIOT KYMYJISITUBHBIN
XapakTep M YCHJMBAIOTCA IOA BO3ACHCTBHEM KIMMAaTHUYECKUX H3MEHEHHH.
Jisi TpeojoNeHus] 3KOMOTHYECKHX M COLMaJIbHO-3KOHOMHYECKHUX BBI30BOB
PEKOMEHIyeTCsl BHEIPEHUE MHTETPUPOBaHHOW cTpaTterun «Boma—Oneprusi—
[IponoBonbcTBHE—DKOCHCTEMAY, HATPABICHHON Ha MOBBIIIeHUE 3 ekTnBHOCTH
WCTIOIBb30BaHMsI TPUPOAHBIX PECYPCOB, YKPEIIJICHHE 3KOJIOIHUECKO 0€301macHoCTH
1 IOCTHKEHHE 1IeTIeH yCTOMYUBOTO pa3BUTHSI.

KiroueBbie cioBa: Apanbckoe MoOpeE, SKOJIOTHUS, INBUIBHO-COJEBBIE OypH,
BOJHBIE PECYPCHI, U3MEHEHHE KIIMMaTa, 3arpsa3HeHne Boabl, Llenrpanbnas A3ust

Introduction. On September 15, 2023, at the Summit of the Heads of Founding
States of the International Fund for Saving the Aral Sea held in Dushanbe
(Tajikistan), the Aral Sea basin countries expressed their concern about the
aggravation of the Aral ecological disaster due to the impact of climate change,
manifesting itself in the increasing frequency and intensity of natural phenomena
like dust-salt storms, droughts, and mudflows, as well as the accelerated melting
of the Central Asian glaciers. At this Summit, representatives of the Central
Asian countries expressed their resolution to jointly confront this crisis and its
negative consequences. At the same time, a firm commitment was made to find
holistic solutions for problems related to the improvement of socio-economic and
environmental conditions in the Aral Sea basin, especially in the zones exposed to
the environmental crisis (Dushanbe Statement..., 2023).

Over the last half century, the volume of the Aral Sea has decreased by almost
90% and the world's once fourth largest lake, with a volume of up to 1089 km?,
has desiccated into several conditionally independent water bodies. In September
2023, the following water bodies could be observed: the Northern Aral Sea with a
volume of about 20.15 km® and an average salinity of 12 g/1; the Western Aral Sea
with a volume of 42.3 km? and a salinity of 170 g/I; and Lake Tushchibas with a
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volume of 1.7 km? and a salinity of 90 g/l (Kipshakbaev et al., 2010; Narbayev et
al., 2023).

Every year, winds lift up to 80 million tons of toxic salts from the dried-up Aral
Sea bed. They are carried as dust storms over many thousands of kilometers - from
Western Europe to the peaks of the Tien Shan and the Himalayas, having a negative
impact on human health and ecosystems of all countries in the region Hundreds
of thousands of people breathe air with toxic substances in its composition
(Khaibullina et al., 2022). Salt dust covers high-mountain glaciers, which are the
sources of feeding many rivers, with an impenetrable film. Salt transport processes
have a detrimental effect on water quality not only at the regional level, but also at
the national level, at a minimum. Eventually, salts carried from the Aral Sea bed
ends up in water supply networks and wells located even thousands of kilometers
away from the source (Zhupankhan et al., 2021). The most common diseases of
people living in the coastal regions of the Aral Sea are diseases of the eyes, lungs,
digestion, genitourinary system, blood and hematopoietic organs, etc. (Kamalov,
2003).
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Figure 1. Geographical location of the Aral-Syrdarya river basin.

The Aral Sea is an inland water body located on the border of Kazakhstan,
Uzbekistan and Turkmenistan. Due to desiccation of the lake, the Kokaral Dam
was built in 2005 to control water levels in the Northern Aral Sea. This dam
prevented the further decline of the Northern Aral Sea and by 2011 helped to
maintain water levels the small Aral Sea (Figure 2).
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Figure 2. The North Aral and the Kok-Aral dam (Dursun, 2019).

Due to global climate change and its influence on arid Central Asia, the
continued regression of the water bodies of the Aral Sea can be observed (Figure
3), which results in an increase of the concentration of fine salts in dust-salt storms
in this region (Huang, 2022). More than 5.4 million ha (54 thousand km?) turned
into a salt desert — the Aralkum, which became a source of salt aerosol transfer to
the Earth's atmosphere. About 2.0 million ha (20 thousand km?) of the Aralkum are
located in Kazakhstan (He et al., 2022).
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Figure 3. Aral Sea water resources dynamics (Source: SIC ICWC, EB IFAS in RK).
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Figure 3 shows the development of the Aral Sea desiccation caused by intensive
water usage, construction and operation of irrigation systems, overestimated
irrigation norms, and a low level of interaction between science and agricultural
production (Kipshakbaev et al., 2010).

At present, extensive orientation of nature use in the region is also observed.
Practically the whole water potentials of the Amudarya and Syrdarya rivers are
already regulated and used according to the principle of competitive intersectoral
interaction, where the interests of natural ecosystems are considered on the residual
principle, for instance such as the water-agriculture-energy nexus (WAEN) system
(Zhang et al., 2024) where in figure 3 illustrate the dynamics of water withdrawal
by the countries of the Aral Sea basin.
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Figure 4. Water withdrawal dynamics of the Aral Sea basin countries (Amudarya and Syrdarya
rivers, km®) (Source: SIC ICWC, EB IFAS in RK).

Analysis of the graph shows that from 1980 to 2005 the dynamics of water
withdrawal decreases and since 2005 it has increased due to climate change and
an increase in water intake in neighboring countries.

In addition to excessive water withdrawal in the Syrdarya river basin, water
pollution is also relevant. In the Fergana Valley, in addition to large and medium-
sized reservoirs, there are about 40 small reservoir-ponds along the periphery,
many of them heavily overgrown and silted up. About 20 million tons of salts
are annually discharged into the Syrdarya river through collector-drainage water
(Bekchanov et al., 2016). It should be noted about the presence of heavy metals
in the river, the transportable mass of which decreases along the length of the
river and ranges from 2 to 216 tons. At the exit from the Fergana Valley, the water
quality deteriorates even more and remains mainly unsatisfactory up to the delta
and discharge into the Northern Aral Sea. At the same time, permanent exceedance
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of MAC (maximum permissible control) is not always detected due to the imperfect
monitoring system (Martius et al., 2005)

For example, due to excessive pollution of the Syrdarya river by wastewater,
Tajikistan's second largest city, Khujand, had to be switched to alternative sources
of water supply. This decision was taken after research by ecologists and medical
professionals in the city. They revealed that the water consumed by the residents
of Khujand is the source of many diseases of the digestive tract and urinary system
(Glazovsky, 20006).

According to the unified system of classification of water quality in water bodies
of Kazakhstan (Unified system of water quality classification in water bodies,
2016), the Syrdarya river for the period 2019-2023 belonged to quality classes
IV - > V in the territory of the Republic of Kazakhstan. In the Turkestan region,
smaller rivers are characterized by quality classes III - >V, only the Aksu river is
characterized by quality class I in recent years. The main pollutants of the Syrdarya
river (Information bulletins...2019-2023) and its tributaries are suspended solids,
mineralization, sulfates, magnesium, phenols, and cadmium (Table 1).

Table 1. Surface water quality in the Syrdarya river basin.

No. | Name Quality class of surface water resources
n/a ofb wgter 2019 2020 2021 2022 2023
ody
Turkestan region
Grade 4
(sulfates -
495.054 mg/dm? g;‘i‘gie“s
, magnesium >5 grade. =5 orade S41491] Grade 4
Syrdarya | - 60.388 mg/ (suspended (susgen de. d mo/ d'm3 (magnesium
river dm’, phenols - | 81.233 mg/ P S| mEEm 33333
0.002 mg/dm’ dm )’ 93.4mg/dm )’ | phenols - mg/dm )
) ; ’ 0.0014 mg/
cadmium dm )’
-0.0023 mg/
dm )’
Grade 4
(?élé{ag%i)- Grade 4 Grade 4
mg/&m3 (sulfates - (sulfates -
. 584.198 Grade 4 Grade 4
K magnesium 5 554.32
eles - 65 544 mo/ mg/dm’ , me/dm? (sulfates - (sulfates -
river dm3. phenogls magnesium - ph%e nols i 389.429 358.204
’ 37.33 mg/dm?® - mg/dm )} mg/dm )}
oo n’ﬁﬁfn phenols - 0.0013 O'Ogrf)?lg/
-0.0024 mg/ mg/dm )?
dm )}
Grade 4
(magnesium - Gradg 4 Grade 3 Grade 3 Grade 3
Bad 38.95 (magnesium - (magnesium - | (magnesium | (magnesium
adam . N gnesiu gnesiu gnesiu
. 3 31.94 mg/dm’,
river mg/dm? , henols - 0.0016 21.5 -23.7 -22.55
phenols - 0.0013 P 5 mg/dm )} mg/dm )? mg/dm )}
mg/dm ) mg/dm )
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No. | Name Quality class of surface water resources
n/a Ofi)Wgter 2019 2020 2021 2022 2023
ody
Grade 4
(magnesium - (m;?rr?g:ifm ) Grade 3 Grade 3 Grade 3
Arys 41.808 mg/dm? , 3 01g7 mg/dm? (magnesium - | (magnesium | (magnesium
river phenols hénols -0 0012’ 28.7 -21.1 -20.6
-0.0012mg/ |P mg/dm ) mg/dm )’ mg/dm) | mg/dm )
dm )}
Grade 3
Aksu (magnesium
river Grade 1 -22.467 mg/ Grade 1 Grade 1 Grade 1
dm )}
Katta Grade 4 >5 grade. ~5 orade >5 grade. >5 grade.
Bugun (suspended (suspended (sus;%en de' d (suspended | (suspended
river solids - 19.?33 41.167 r}ng/ 61.9 mg/dm ) 32.1 m}g/ 44.625 r}ng/
mg/dm ) dm) dm) dm)
Widhr. Grade 4
Shardara Grade 5 >3 grade. >5 grade. (suspended >3 grade.
(suspended (suspended . (suspended
solids - 26.683 | solids - 45.042 | (Suspended 1 solids - e
5 5 93.4 mg/dm )* | 21.477 mg/ O
mg/dm ) mg/dm ) dm )’ dm)
Kyzylorda region
rsizﬁarya Grade 4 Grade 4 (?S?fif:—
(magnesium - Grade 4 (s_uzp5h7a§es 400.667
36.75 (mineralization - i mg/dm?,
mg/dm?, 1486.7 mg/ minme%g?i?at,ion magnesium (m€r1i2i4m
mineralization | dm?®, sulfates - ) -36.493 ) 3g6 6 61/1
- 1509,45 mg/ | 445.9 mg/dm? mg/dm ,}? oy
] > 1450.6 . mg/dm )
dm?, sulphates | , magnesium - me/dm? minera-
-451,61 mg/ | 358 mg/dm ) | " ffl ee | lization -
dm )’ 2 6gm Jdm e | 1372358
© Mg mg/dm )}

Note: the table of surface water quality classes of the Syrdarya river basin is made in accordance
with the Information Bulletins on the state of the environment for 2019-2023. RSE "Kazgidromet"
MENR RK. Unified system of water quality classification in water bodies, approved by the Order of
the Chairman of the Committee for Water Resources of the Ministry of Agriculture of the Republic
of Kazakhstan from 09.11.2016 Ne 151. https://adilet.zan.kz/rus/docs/V1600014513

The contamination by the above substances is confirmed by earlier works
(Burlibayev. et al. 2018).

Despite the decrease in the total volume of untreated wastewater, there are
a number of unresolved issues related to the quality characteristics of industrial
wastewater. (Absametov et al., 2024) A significant volume of wastewater from
industrial enterprises, as well as TPPs (Thermal Power Plant), is discharged directly
into municipal sewage treatment plants (up to 24% in some cities), which are not
designed for industrial wastewater treatment. At the same time, the majority of
municipal sewage treatment plants require modernization, and in some single-
industry towns there is no sewage treatment plant at all (Sembayeva et al., 2024).

According to the environmental authorities, 50% of wastewater discharged by
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large industrial enterprises does not meet the requirements, and concentrations of
harmful substances in wastewater discharged into the sewage systems of settlements
exceed MAC levels. Currently, there are no legal provisions obliging companies to
enter into contracts with water management companies for additional wastewater
treatment (Tairov et al., 2025). The majority of industrial enterprises do not have
local WTPs (wastewater treatment plants) or violate the rules of pre-treatment.
There are cases of illegal discharge of industrial wastewater without preliminary
treatment, as well as illegal connection of industrial facilities to municipal sewage
networks (Normatov et al., 2025).

In addition, a negative factor affecting and limiting species biodiversity and
resource significance of plant complexes is water and soil pollution by various
pollutants from agricultural facilities and irrigated fields (defoliants, pesticides,
herbicides, heavy metals, etc.) (Shi, et al., 2021). Therefore, settlements located
along the Syrdarya river need to increase requirements for water supply, sanitation
and hygiene (Information bulletin..., 2020).

Figure 5 shows the development of the irrigated agriculture area in the
Kyzylorda province and the share of rice as the leading crop in crop rotation.
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Figure 5. Dynamics of irrigated agriculture in Kyzylorda province, data was taken from RSE
"Kazgidromet".

Until mid-1960, the Aral Sea and Priaralie were economically rich and
ecologically clean areas. The sea and the Syrdarya delta represented a single
balanced ecological system. Then began the era of extensive and large-scale land
management without taking into account the basic needs of ecosystems.

According to expert studies, based on methods of comparative analysis, graph-
analytical and spatial-temporal comparison of ecological and water management
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parameters of the Syrdarya river basin, it can be stated that the conditional
intersection of trend lines "area under rice - red color" and "recommended area
under rice - green color" characterize the most optimal share of the leading crop
in the crop rotation structure of Kyzylorda province (Figure 5). Only up to about
30% of the irrigated area should be used during the growing season. At that, the
saved water should be determined for strengthening of natural ecosystems and
development of biodiversity.

There are five lake systems in the lower reaches of the Syrdarya river:
Kuandarya, Aksai, Kamystybas, Akshatau and Primorskaya. Today the total
number of lakes is 207, in 1936 their number was equal to 558 lakes (Kai et al.,
2015; Konyrbekov, 2015).

In 2012, a part of the Northern Aral Sea and wetlands of the lower reaches of
the Syrdarya river with a total area of more than 330 thousand hectares received
the status of a protected Ramsar site. These sites are important not only for 200
thousand migrating and nesting birds, but also for rare fish species such as Aral
salmon and Aral whiskers, etc., which are also important for the Aral Sea.

The high degree of regulation of the Syrdarya river flow, the violation of the
conditionally natural hydrological regime, and large water withdrawals caused
irreparable damage to the whole ecosystem of the watercourse, especially to the
estuary part (Figure 6).
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Figure 6. Dynamics of water surface area of lake systems and wetlands in the Syrdarya river delta
(sq. km) (Source: IGWS, EB IFAS in RK).

The condition of lake systems and wetlands in inversely proportional degree
(red trend line) demonstrates large-scale development of the water sector,
violations of basic rules of agro-technologies in irrigated agriculture and low-
efficiency management of agro-industrial complex in the Syrdarya river basin.
At the same time, certain step excesses from the trend line indicate periods of
anomalous excesses of precipitation and solar activity (during the period of glacier
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melting), which favorably affected the hydrological flow of the watercourse under
consideration.

After 2007, there is a general tendency to increase the depth of aridity of the
climate and as a consequence further growth of anthropogenic load on the natural
resources of the Syrdarya (He et al., 2022).

Billions of tons of toxic salts have been drained from the fields and accumulated
in the Aral Sea. According to experts' estimates, there are about 107-114 billion
tons of salt on the dried bottom of the Aral Sea. This circumstance, as well as
the death of almost all spawning grounds, led to a catastrophic reduction in the
fish stock, which numbered about 34 species, of which more than 20 were of
commercial importance. This dealt a devastating blow to the local fishing industry,
which once employed about 60,000 people. The economic losses associated with
the drying up of the Aral Sea are estimated from several hundred million to several
billion dollars (Kipshakbaev et al., 2010; Narbayev et al., 2023).

The changes in microclimate and temperature that have occurred since 1960 in
the area surrounding the Aral Sea are so large that they cannot be attributed only to
general atmospheric processes characteristic of the region. The impact of the Aral
Sea desiccation on the thermal regime and climatic changes is recognized, although
it is limited to a 30-50 km wide strip of land around the water area of the former
sea, this is confirmed by modeling performed by KazHRI (Hydrometeorological
Research Institute) (Figure 7).

N g e (S
Figure 7. Formation of a dust-salt storm on the dried seabed of the Aral Sea (May, 2018)
(UNECE, 2019).

A big problem is also the fact that strong winds lift tons of toxic salts from the
exposed dry Aral Sea bed, which negatively affect the ecological environment.
According to the conducted works of KazNIGMI (1980-1990), the first strip of
territory 20-30 km from the dried Aral Sea bed receives on average 140-150 tons/
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km? dust-salt acrosol, which corresponds to 3-15 tons/km? salt. At a distance of 65
km, 25 tons/km? is deposited, at 120 km about 5 tons/km?. The impact of dust-salt
aerosol is strongest in a 30-50 km strip of territory around the water area of the
dried seabed of the Aral Sea (DSAS), but dust particles are also transported for
thousands of km (Huang, et al. 2022).

The indicators of total dust deposition are confirmed by more recent studies of
foreign scientists, which range from 50 to 1679 kg per hectare, with the highest
deposition rates observed in the vicinity of the dried Aral Sea bed.

Smaller particles of dust-salt storms lifted from DSAS, as well as dust-sand
particles of storms from desert territories and degraded lands of the Aral Sea basin
cover high-mountain glaciers with impenetrable film, accelerate glacier deflation
processes and pollute the zone of flow formation and water resources of the
Syrdarya river (Rafikov, 2024).

In 2021, FAO specialists carried out works on soil salinity mapping in the
Kyzylorda region. According to the data obtained, currently in the region almost
85% (20.3 million ha) of the total area of agricultural land (22.6 million ha) is
saline. This situation requires immediate action to apply new technologies to
regulate the rate and degree of salinization of the territory. Inefficient agriculture
causes soil erosion, salt pollution, pasture dislocation and growing desertification.
Pastures make up 46.7% of the region's territory. Currently, more than 80% of
pastures are degraded mainly due to soil salinization, groundwater salinization and
irrational use of natural resources (FAO, 2012).

In the Kazakhstan part of the Aral Sea basin there is a tendency of salinization
of water bodies and soils, indicators of secondary salinization of irrigated lands
increased 3 times in comparison with 1990.

The disturbance of soil and water quality composition proportionally increases
irrigation water consumption, significantly exceeding scientifically-based norms.
According to forecasts, if the existing trend of salinization of water bodies and
soils continues, most of the agricultural land in the Syrdarya river basin (and by
analogy also in the Amudarya river basin) will become unsuitable for irrigated
agriculture within several decades. The level of salt pollution of rivers will lead
to unsuitable condition of water resources for drinking water supply. This type of
river pollution can cause irreparable damage to the ecological and socio-economic
development of Kyzylorda province.

Methods and materials. As mentioned above, the Aral-Syrdarya basin is the
most vulnerable among other basins. Therefore, in order to describe the entire
chronology of changes in water resources, statistical data analysis was applied for
each economic sector.

The primary research method employed in this article is statistical analysis,
encompassing its various types. In the modern information world, statistical
methods have become an integral part of scientific work. One of the most common
statistical methods is descriptive statistics (Helsel et al., 2020). The method of
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statistical analysis is complex, due to the variety of forms of statistical patterns. In
this regard, this article examines the analysis of the water intake of the Syrdarya
river for planning the use of water for irrigation, energy, and other branches of
the economy, including neighboring countries. Taking into account all economic
sectors, the article also considered the analysis of the dynamics of irrigated
agriculture in the Kyzylorda region, the dynamics of the water surface area of lake
systems and wetlands in the Syrdarya river delta, and the quality of surface waters
in the Syrdarya river basin. All the data were analyzed using the statistical method.

For this research methods of descriptive statistics were used for the annual
characteristics. Moreover, the article incorporated a trend analysis.

The assessment of the quantitative composition of surface water is the result
of data obtained by national hydrometeorological service Kazhydromet. Water
quality assessment is conducted in accordance with the Unified System of
classification of water quality in water bodies. The assessment is based on the
application of the classical approach of comparing the concentration of a pollutant
with its normative level. The innovation of the assessment approach according to
the Unified Classification System is the presence of several (five) classes of water
quality and five different standards for each class, accordingly.

Results and discussions. The Aral Sea catastrophe has created a number
of specific health problems for the local population. The general morbidity of
the population for the last 30 years has increased more than 3 times. The level
of respiratory diseases has increased almost as much, the level of congenital
anomalies has increased 10 times.

Negative dynamics of demographic indicators is observed. The birth rate in
the Aral Sea region for the last 5 years has decreased by 13.6 percent, natural
population growth - by 12.4 percent.

The health index of pregnant women living in the region is 1.6 times lower
than the republican values. In the last 5 years alone, extragenital pathology was the
direct cause of 80 percent of maternal mortality (20 out of 25 cases). The specific
weight of anemia of pregnant women is 1.7 times higher than the republican
value, hypertensive conditions of pregnant women are 1.8 times higher. The infant
mortality rate is traditionally higher than the republican indicator and has no
tendency to decrease. Preliminary blood analysis of local residents showed that
pesticide load on the population, especially on children, is higher than the body
burden measured in children in Europe.

KazAcademy of Nutrition and UNICEF note the low bioavailability of iron
in the diet of the Aral Sea region. This is due to the predominance of flour and
bakery products, which contain a large amount of phytates that bind iron into a
compound that is difficult to absorb. As a result, there is a correlation between low
iron bioavailability and anemia in the area (Sorg et al., 2014).

In Kyzylorda region, the Health Index of conscripts leaves much to be desired.
Many suffer from diseases of gastrointestinal tract, liver, kidney, high blood
pressure, spine, vision and skin diseases.
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Despite the positive dynamics of a number of basic medical and demographic
indicators of the region's healthcare sector, there are many problematic issues
that need to be addressed at the level of both the management of polyclinics and
hospitals and the support of local executive bodies. This concerns the organization
of medical care in the field of maternal and child health care, insufficiently effective
work of primary health care (PHC), low detection of diseases during preventive
examinations, technical equipment of medical facilities (Khaibullina et al., 2022).

In the region the number of deaths from acute myocardial infarction increased
by 1.4% compared to the same period of 2022, the mortality rate from malignant
neoplasms in 2022 amounted to - 48.3 per 100 thousand population.

In Kyzylorda region 164467 people are on dispensary registration for all
diseases, of which 72128 patients receive treatment for three diseases (arterial
hypertension, diabetes mellitus, chronic heart failure). At the same time, two
thirds of the patients participate in the disease management program, which
indicates low activity of the work carried out by general practitioners. In addition,
the effectiveness of screening tests is low.

In the region under consideration, when providing specialized care to patients
with heart diseases, the share of those who sought medical help within 60 minutes
from the onset of symptoms in the region amounted to 35.85%, which is 2
times lower than the national average. The same unsatisfactory situation in the
provision of medical care for stroke is observed in the low proportion of systemic
thrombolysis in patients with ischemic stroke, also only 70% of stroke patients are
registered at the place of residence.

Itshould be noted the negative dynamics in the number of hospital organizations:
in 1991 - 84; 1995 - 75; 2000. - 55; 2005 - 67; 2010. - 61; 2015 . - 50; 2020 1. - 34.
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Figure 8. Impact of climate and eco-effects on human security in Kyzylorda region.
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Dynamic growth ofabnormal temperatures in Kyzylorda province predetermines
increase of water consumption norms in the main sectors of economy, limiting
natural needs of natural ecosystems.

The observed growth of land salinization indicators indicates "chronic"
shortcomings in land and water resources management. All this, of course, affects
the health of the population.

It should be noted that the dynamics of circulatory system diseases and iodine
deficiency, to a certain extent, can be mitigated, provided a balanced diet and clean
drinking water.

The steady trend in the incidence of malignant neoplasms characterizes the
deeper complex ecological and social aspects in the region.

Conclusion. The article presents the dependence of Human Security in
Priaralie on modern ecological and water management indicators in the Syrdarya
river basin, recommends optimal ways to develop irrigated agriculture and restore
natural ecosystems, improve socio-economic issues in the context of climate
change.

The environmental disaster in the Aral Sea has led to a serious deterioration in
the health of the region’s population. Over the past 30 years, the overall incidence
of disease has more than tripled, the number of respiratory diseases has increased
significantly, and the rate of congenital anomalies has risen tenfold.

The demographic situation has deteriorated: over the past 5 years, the birth rate
has fallen by 13.6%, and natural population growth by 12.4%. The health status
of pregnant women is noticeably worse than the national average: anemia and
hypertension are more common, and extragenital diseases have become the cause
of most cases of maternal mortality.

Infant mortality also remains high, and the number of cases of heart attacks
and cancer is rising. At the same time, there has been a decline in medical
infrastructure—the number of hospitals has decreased significantly between 1991
and 2020.

Studies conducted in the Kyzylorda Region have revealed a clear upward trend
in abnormal temperatures over the period from 1990 to 2025, an increase in the
severity and frequency of droughts, persistent pollution of surface water resources,
a steady rise in water abstraction from water bodies, and a rapid decline in lake
systems. These parameters of the overall model of human-environment interaction
exhibit complex trends of cumulative impact on the overall socio-environmental
development of the local population and the region as a whole.

In the long term, the region in question should focus on implementing the
recommendations of the Kunming-Montreal Global Biodiversity Framework, the
Regional Strategy for Drought Risk Management in Central Asia, the Regional
Strategy for Combating Sand and Dust Storms in Central Asia, and the UN Water
Conference.

Therefore, for successful solution of urgent environmental and socio-economic
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issues of the Aral Sea region we consider it expedient to develop multisectoral
NEXUS "Water-Energy-Food-Ecosystem" relationship, which will certainly
contribute to the increase of investment attractiveness in the region and achievement
of Sustainable Development Goals (17 SDGs).
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