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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.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK, bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index oscone the Arts & Humanities
Citation Index-xe Kabwi1Oay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici MeHn canacvld ycvbiHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHuKaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUbIHUA KOHMEHMKE A0aN0blebIMbI30bL DIN10Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepus ceonoeuu u mexHu14eckux
Hayk» OvL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennot epcuu
Web of Science. CoOepacanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupesxcoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauie2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28
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© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and
mineralogical sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of
hydrogeology and hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences,
Nebraska University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© K.I. Akhmetov'*, G.M. Yessilkanov?3, A.Zh. Kassanova'?, A.V. Ubaskin!, T.Zh. Abylkhassanov',
2023
Toraighyrov University, Pavlodar, Kazakhstan;
Hnstitute of Radiation Safety and Ecology, Kurchatov, Kazakhstan;
’National Research Tomsk Polytechnic University, Tomsk, Russia.
E-mail: kairat akhmetov@mail.ru

HYDROGEOCHEMICAL FEATURES OF THE WATER OF SALINE LAKES IN PAVLODAR
REGION

Akhmetov Kairat Imangalievich — Master of biology. Senior lecturer of department of biology and ecology.
Toraighyrov University. Lomov str. 64. Pavlodar, Kazakhstan

E-mail: kairat akhmetov(@mail.ru, https://orcid.org/0000-0003-3354-4023;

Yessilkanov Gani Mukhtarovich — Engineer of the department for analytical research. Institute of radiation safety
and ecology. Kurchatov, Kazakhstan

E-mail: al-g 007@mail.ru, https://orcid.org/0000-0001-6834-2312;

Kassanova Assiya Zhursunovna — PhD, senior lecturer of Kizhner research center. National research Tomsk
polytechnic university, Russia

E-mail: asiyakass@mail.ru, https://orcid.org/ 0000-0002-9563-5521;

Ubaskin Alexandr Vasilevich — Candidate of biological sciences, associate professor of department of biology and
ecology. Toraighyrov University. Lomov str. 64, Pavlodar, Kazakhstan

E-mail: awupawl@mail.ru, https://orcid.org/0000-0001-9835-9043;

Abylkhassanov Talgat Zhumageldinovich — Master of biology, senior lecturer of department of biology and
ecology. Toraighyrov University. Lomov str. 64. Pavlodar, Kazakhstan

E-mail: talgat.abylkhassanov@gmail.com, https://orcid.org/0000-0002-7465-1047

Abstract. The article is devoted to the hydrogeochemical study of salt lakes in Pavlodar region.
Salt lakes are an integral part of the steppe ecosystem and have economic, recreational, scientific,
environmental and ecological value. The study of the chemical composition of salt lakes in the Pavlodar
region is a particularly urgent task, since these lakes are inhabited by populations of the branchial
crustacean Artemia sp. This type of crustacean is a valuable commercial object: Artemia cysts have a
commercial value. The purpose of this study is to study the hydrogeochemical state of saline lakes in
Pavlodar region. The object of the study was monitoring data (2014-2021) of the chemical composition
of the water of salt lakes in Pavlodar region. A total of 64 samples were taken. Sample analysis was
carried out on the basis of the Kazakhstan Design and Research Institute «Kazakhstanproekt». The index
of total mineralization was determined by the gravimetric method. The potentiometric method was used
to determine the pH of the samples. Determination of the content of ions Cl-, and SO4?- and cations Na+,
K+, Caxt+, Mgy+ was carried out by capillary electrophoresis. The total content of COs2- and HCOs- ions
was determined by titrimetric methods of analysis. The chemical composition of salt lakes in Pavlodar
region has been studied. Water mineralization varies from 60 to 260 g/l, which corresponds to weak and
strong brines. According to the pH values, the waters of the studied lakes are classified as weakly alkaline
and alkaline. As a result of studying the chemical composition of waters, 2 types of water chemistry of
chloride-sodium-potassium and sulfate-chloride-sodium-potassium compositions were established. Factor
analysis was carried out to identify hydrogeochemical features. Two main factors have been identified,
where the first reflects the relationship between the main components of the chemical composition of
waters. The second factor characterizes the behavior of sulfates. Sulfates as a macrocomponent can reflect
the feeding habits of a particular lake, as well as the degree of interaction between water and bottom
sediments. Factor analysis was also used to identify the spatial differentiation of water bodies. The
following 3 groups are distinguished: 1) Highly mineralized lakes Tuz and Kalatuz; 2) Aksor and
Ashchitakyr with a high content of sulfates; 3) Shcherbakty, Seiten and Borli with unstable water balance.
The identified features of the chemical composition of the waters of salt lakes will help in studying the
biological characteristics of water bodies, as well as in conducting regional geochemical studies.
Reservoirs less resistant to climate change have been identified.
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AnHoTanus. Makana [TaBnonap oOIBICEIHBIH TY3/bI KOJIIEPiHIH THIPOTeOXUMHSIIBIK 3epTTEyIIep
Kyprizyre apHanraH. Ty3Ibl Keyjep Jana SKOXKYHECiHiH axbelpamac Oeiiri OoibIn TaObUIaAbl KoHE
9KOHOMHUKAJIBIK, PEKPEALMSIIBIK, FUIBIMHU, TAOMFAT KOPFay MEH 9KOJOTHSUIBIK KYHIBUIBIKKA Me. [1aBnoxap
OOJIBICBIHBIH TY3/IbI KOJICPiHIHIH XUMILUTBIK KYPaMbIH 3€pPTTEY aca MaHBI3IbI MaKcaT OOJIBINT TaObLIAIbI,
OWTKEH1 OCBhl Kemaepae Artemia sp. XenOe3eKasKThl IIASHBIHBIH TMOMyJSALUMsIIApEl TIPIIUIIK eTexi.
asHEbH Oy TYpl KYHABI Kocil O0OBEKTiCi OONMbIN TaObUIAABI: apTeMHs LUCTaIapbl KOMMEPLHSIIBIK
Oarara we. byn 3erreyniy makcatel [laBiomap OONBICHIHBIH TY3/bl KOIJIEPiHIH THIPOTEOXHMHSIIBIK
JKarganbel 3epTrey Ooinbin TaObuianel. 3epTrey oObekTici IlaBmomap oONBICHIHBIH TY3ABI KeAEpiHAETI
CYIBbIH XHMUSUIBIK Kypambl MOHHMTOpHHTICiHIH Oepinrengepi (2014-2021 xok.) Oonbll  TaOBLIIBL
Yarinepain tangaysl "Kazakcranmpoekt" KaszakcTaH FBIIBIMH-3€PTTEY MHCTHUTYTBIHBIH 0a3achIHa
Kyprizinai. JKanmel MUHEpanu3anusuIaHyAblH KOPCETKIIIH TPaBUMETPUKANBIK 9JIICTICH aHbIKTansl. pH
YIITUIEpiH aHBIKTAy YIIiH MOTEHIMOMETPUKAIBIK dic Koinausuiasl. Cl, SO4 > nonmapein xone Na', K,
Ca*, Mg*" KxaTMOHIAphIH aHBIKTAyJa KamwUIApel snekrpodopes omici maipamaneuiael. COs> kxoHe
HCO3 noHnapbIHbIH Kalmbsl KYpaMbl TalgayIblH TUTPHUMETPHKAIBIK SMICHEH aHBIKTanabl. IlaBmomap
OOJBICHIHBIH, TY3/bl KONAEPiHIH XUMUSUIBIK Kypambl 3epTTengi. CynsiH MuHepanu3anusicsl 60 r/m Gactan
260 /1 nmeiiiH apasbIFBIHIA ©3repesi, Oyl 9Jici3 MoHE KATThl TY3/BIK KepceTKimTepiHe colikec. pH
MOHJIepi OOMBIHINA 3EPTTEITCH KOIIEPAIH CyNaphl oJICi3 CUITLI KoHE curTimi. CymapIblH XUMUSIIBIK
KYpaMbIH aHBIKTay HOTIKECIHIE Cylap XMMHU3MHIH 2 Typi aHBIKTaJAbL: XJIOPUATi-HATPHUILTi-Kamuimi
XKOHE CyNb(aTThI-XJOPUATI-HATPHIATI-KaIHiiTl. ['MAPOreOXUMHIIBIK EpEeKIICTIKTepli aHBIKTAy YIIiH
(dakTopiel Tanmay Kyprizuni. 2 Herisri (akTop axbpIpaThULIbl. bipiHI (aktop cynapiplH XUMHUSITBIK
KYpaMBbIHBIH HETI3ri KOMIIOHEHTTEPiHIH e3apa OailylaHbICHIH, al eKiHIl (akTop cyiab(arTapiblH Kyu-
e3repictepin kepcereai. Cynbdarrap MaKpOKOMIIOHEHT peTiHae Oy Hemece 0acKa KeJIiH KOPEKTeHYTiH
EpEeKILEeIIKTEPiH, COHAal-aK Cy MEH TYNTIK MIeriHAUICPIiH e3apa KaTblHac JopexeciH kepceremi. Cy
alBIHAAPBIHBIH KEHICTIK Au(depeHInalisIHbpl aHbIKTay YIIIH Tarbl Ja (hakTOPJIbl Tajaaay >KYpri3ijiii.
Keneci ym ton 6emnineni: 1) sxorapsl MuHepanuzauusuianrad Ty skoHe Kanatys xennepi; 2) KypambIHIa
cyabdarTapsl apThIK AKCOp jKoHE AIIBITAaKeIp Kemnaepi; 3) cyablH OamaHchl TypakTsl emec LllapOakTsl,
Ceiiren xoHe bepmi kemmepi. Ty3mel Kenmmep CyJdapbIHBIH XHMISUIBIK KYPaMBIHBIH —aHBIKTAJIFAH
EPEeKILETKTepl Cy alAbIHIAPBIHBIH OHOJOTHSUIBIK EPEKIICTIKTEPIH 3epTTeyAe, COHAal-aK OHIpIIK
TEeOXMMUSUIBIK  3epTTeyJepAl >Kyprisyae kemekreceni. KimmarTelk e3repicrepre a3 TYpakThl Cy
alJIbIHAPhl AUKBIHAAJIBL.
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AnHotamusa. CraThs TOCBSIIEHa THUAPOTEOXMMHYECKOMY HM3yYEHHIO COJIGHBIX  03€p
[NaBnomapckoii obnactu. ComneHble o3epa SBISIOTCS HEOTHEMIIEMOH YacTbIO CTEMHOM 3KOCHCTEMBI U
UMEIOT SKOHOMUYECKYIO, PEKPEalMOHHYI0, HAydHYI0, TIPUPOJOOXPAHHYIO M 3KOJOTHYECKYIO IIEHHOCTb.
HccnmenoBanne XWMHUYECKOTO COCTaBa CoJIeHBIX o3ep IlaBimomapckodt oOnacTu  sSBISETCST  0CO00
aKTyalbHOW 3aJauel, MOCKOJIbKY B 3THUX 03€pax OOMTAIOT MOMYJSALHUH >KaOpOHOTOro pauka Artemia sp.
JlaHHBIN BUI padka sBISETCS [IEHHBIM ITPOMBICIIOBBIM OOBEKTOM: IIUCTHI ApTEMHUH UMEIOT KOMMEPYECKYIO
CTOMMOCTh. llenpf0 JaHHOTO WCCIIEOBAHUS SABISETCS HW3yUEHHE THIPOT€OXMMHUYECKOTO COCTOSHUS
conenblx o3ep llaBmomapckoii obmactu. OOBEKTOM HCCIIEAOBaHMA SIBISUINCH JaHHbIE MOHHUTOpPWHIA
(2014-2021 rr.) xXuMU4eCKOTO cocTaBa BOJbI coieHbIx 03ep [laBmomapckoii o6mactu. Beero orobpano 64
npoObl. AHanmu3 npoO npoBoamics Ha 0a3e KazaxcTaHCKOTO MPOEKTHO-MCCIIEI0BATENICKOTO WHCTUTYTA
«Kazaxcrannpoekt». IlokazaTens oO0mield MUHEpalIM3allU{ ONPEAETSUIM TPAaBUMETPHUYECKHM METOJIOM.
[Horennmomerpuyeckuii METO MCHOIB30BAMM AJs onpeneneHust pH npo6. Onpenenenue conepxaHus
nonoB Cl-, u SO42- u katuonoB Nat, K+, Ca2+, Mg2+ mpoBOoAMIOCE METOJOM KaIlUJUIIPHOIO
anekTpodopesa. OOmiee comepkanue woHoB CO32- m HCO3- onpenensiocs THTPUMETPHUSCKUMU
MeToJaMH aHanmu3a. V3yuyeH XuUMUYecKwWid COCTaB COJEHbIX o3ep llaBmomapckoii obmacTw.
Munepanu3aius Bobsl H3MeHseTcs B npeaenax oT 60 mo 260 1/1, 9To COOTBETCTBYET CA0BIM U CHIILHBIM
pacconam. [lo 3HaueHusM pH BOABI M3YYEHHBIX 03P OTHOCSTCS K CIa0OLIETOYHBIM W IIeNOYHBIM. B
pe3ynbpTaTe M3y4eHHsl XUMUYECKOTO COCTaBa BOJl OBUIM YCTAaHOBIEHBI 2 THITA XUMHU3Ma BOJ XJIOPHIHO-
HATPUEBO-KAIMEBOTO W  CYNb()aTHO-XJIOPUAHO-HATPHUEBO-KATMEBOTO COCTaBOB. J[1s  BBISBICHUSA
THJIPOreOXUMHYECKUX OCOOCHHOCTEH ObLT mpoBeZieH (akTOpHBIM aHanu3. BeigeneHpl 2 OCHOBHBIX
(akTopa, T1e MepBbIi OTpaXkaeT B3aUMOCBSI3b TJIaBHBIX KOMIIOHEHTOB XUMHYECKOTO COCTaBa BoA. Bropoi
(hakTop xapaktepu3yerT moBeneHue cyinbdaroB. CymbdaTel Kak MaKpOKOMIIOHEHT MOTYT OTpaXkaTh
0COOCHHOCTH THTaHHWS TOrO WJIM WHOTO 03€pa, a TaKKe CTEeleHb B3aMMOJCHCTBUS BOABI M JIOHHBIX
oTJ0KeHuH. [l BBISIBICHHUS MPOCTPAaHCTBEHHOW An(depeHIraii BOJOEMOB ObUT TaKKe MCIOIb30BaH
(hakTopHBI aHanmu3. BeimensroTcst crnemyromirie 3 Tpymibl:1) BEICOKOMHUHEpann3oBaHHBIE o3epa Ty3 u
Kanaty3; 2) Akcop 1 AmUTaKbIp C MOBHIIIEHHBIM cofepxkanneM cyibdpaTos; 3) llepbakTtel, CeliTeHp u
Bopnu ¢ HecTaOWIbHBIM BOAHBIM OanaHCcOM. BbIABICHHBIE OCOOCHHOCTH XMMHYECKOTO COCTaBa BOJ
COJICHBIX 03€p MOMOT'YT B M3y4CHHUHU OMOJIOTHUYECKIX 0COOEHHOCTEH BOJOEMOB, a TAKXKE IPH NPOBEICHUN
PETHOHANBPHBIX TEOXMMHUYECKUX HWCCIENOBaHWW. BBIgeneHsl BOJOEMBI, MEHEe YCTOWYMBBIE K
KIIMMAaTHYECKUM U3MEHEHHSM.
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Introduction

The study of saline lake ecosystems is of global importance due to their economic, recreational,
scientific, environmental and ecological value (Hammer, 1986; Williams, 2002).

For example, saline lakes are capable of mitigating the anthropogenic effect on ecosystems by
neutralizing various substances, especially nitrogen compounds (Valiente et al., 2022).

The steppe areas of central and northern Kazakhstan are rich in shallow lakes, which number over
14,000 in this area (Urivaev, 1959). In Kazakhstan, the estimated area of impounded surface water
bodies, including permanent and interrupted wetlands, is approximately 1,008,800 km? which is 37 % of
the total area of the country. Saline water bodies are one of the most important aquatic habitats in the
steppes of Kazakhstan (Kolpakova et al., 2019).

The study of the chemical composition of saline lakes in Pavlodar region is a relevant objective
since these lakes are inhabited by populations of the Branchiopoda crustacean, Artemia sp. These
crustaceans have adapted to live in the salinity of water bodies from 10 to 340 g/1. This crustacean species
— Artemia cysts — is a valuable commercial object.

Global climate change, along with the anthropogenic effect on the natural resources of saline
lakes, leads to geochemical alterations in the environment of these living organisms. Therefore, careful
monitoring of the state of these water bodies is necessary (Lebedeva et al., 2019). At the same time, it is
important to systematize the studied lakes by their inherent parameters, which are, in general,
hydrochemical characteristics of the ecosystem.

The purpose of the research is to study the geochemical features of saline lakes in Pavlodar
region.

Study area description

Pavlodar region is located in the north-eastern part of Kazakhstan and occupies an area of more
than 127.5 thousand km. Pavlodar region relief is represented by two major geomorphological zones —
uplands, the eastern edge of the Central Kazakh Hummocks, and plains, the southern border of the West
Siberian Plain.

Part of the lakes under study are located in the area of the accumulative lacustrine-alluvial plain,
which dominates the territory of the region; there are a large number of intermittent lakes and swamps,
the extent of which corresponds to the direction of the ancient depressions (from southwest to northeast)
(Deferred expenses 011 report., 2008).

The climate of Pavlodar region according to Koppen is classified as cold semi-arid steppe - BSk.
In July, the temperature varies from +20.4 to 22.4°C, and in January from —13.3 to —19.0°C. The average
annual temperature is positive. Annual precipitation varies from 200 to 300 mm (Ubaskin, 2005).

Materials and basic methods

Seven saline lakes in Pavlodar region were chosen as the research objects. The work presents the
results of years-long monitoring of the chemical composition of waters of the lakes: Aksor, Aschitakyr,
Kalatuz, Tuz, Borli, Sherbakty and Seiten in the spring and autumn between 2014 and 2021. The
sampling map is shown in figure 1. A total of 64 samples were analyzed.
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Fig. 1 — Water sampling map

Table 1 — Characteristics of the studied saline lakes

No Lake Coordinates Area, km ? Mean depth, m
1 Aschitakyr 52°33'N, 78°19'E 4.20 1.1
2 Seiten 51°55'N, 78°07'E 15.50 1.9
3 Borli 51°49'N, 77°58' E 15.0 3.0
4 Kalatuz 51°53'N, 77°30'E 8.50 2.2
5 Aksor 51°27'N, 77°52'E 11.60 0.8
6 Sherbakty 51°23'N, 78°15'E 6.80 2.8
7 Tuz 51°18'N, 78°38'E 10.63 1.1
Note: the numbers of the lakes correspond to the numbers on the map

Water sampling and preserving were carried out according to the generally accepted method
(GOST 31861-2012). The water chemical composition was analyzed by the accredited laboratory of
Kazakhstan Engineering Research Institute “Kazakhstanproject” LLP. The total salt content index was
determined by the gravimetric method (GOST 26449.1-85). To determine the pH of the samples, the
potentiometric method was used. The content of CI, and SO4* ions and Na®, K*, Ca?", and Mg?* cations
were determined by capillary electrophoresis (KZ.07.00.01998-2014, KZ.07.00.01529-2017). The total
content of COs* and HCOs™ ions was determined by the titrimetric method (GOST 26449.1-85). The
reagents of AR grade were used for the analysis.

Statistical data processing was performed using Statistica 2019 and Microsoft Excel 2019.

Results

The average content of macrocomponents in the water of saline lakes is presented in Table 2.
TDS concentration in the lakes varies from 60 to 260 g/l. Among the studied lakes the following types
can be distinguished:

- Weak brines (50 to 100 g/1): Borli, Aschitakyr;

- Strong brines (100 to 320 g/1): Sherbakty, Aksor, Seiten, Kalatuz, Tuz.

According to pH values, the waters of the studied lakes belong to slightly alkaline and alkaline.
As a rule, lakes with high TDS concentrations have lower pH values.

Table 2 — Chemical composition of waters in lakes of Pavlodar region (n=64), mg/1

Lake | TDS, g/l | Chemical water composition | pH | HCO; | CI [SO* [Ca [ Mg | NatK
TDS concentrations from 60-80 g/l

Borli 60 CI' - Na+K 9.0 | 2060 | 27800 6400 16 170 22000
Aschitakyr 80 CI'- Na+K 8.4 | 540 33600 13200 | 90 2670 34900
TDS concentrations from 80-120 g/l

Sherbakty 110 Cl- - Na+K 89 | 775 57000 | 5150 25 460 40700
Aksor 110 S0%; CI- - Na+K 8.6 | 610 25500 45000 | 110 | 2500 34300
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Seiten [ 120 | CI - Nat+K [8.9 [1950 [ 49400 [ 6500 [45 [ 130 [ 48000
TDS concentrations >120 g/l

Kalatuz 220 CI - Na+K 7.8 | 610 116000 | 10000 | 280 | 12000 | 62700
Tuz 260 CI' - Na+K 7.8 | 510 142000 | 20600 | 90 6600 88000
Note: the table provides median values, TDS is total dissolved solids

Alternation of high-water and low-water periods is typical for the lakes in the region. It is
connected with a significant excess of inflow over evaporation in high-water years and, on the contrary,
with a sharp predomination of losses over inflow in low-water years. The multiyear amplitude of lake
water level fluctuations varies within wider limits — from 0.5 to 4.5 m (long-term average annual - 1.5-2.0
m). Climatic factors — temperature and precipitation in particular - play a crucial role in the functioning of
saline lakes, and their physical and geographic location predetermine their present state. We can consider
the modern period starting from 1989 as a certain climatic turbulent period towards global warming
(Abylkhassanova et al., 2020).

Chronological fluctuations of hydrometeorological parameters affect the hydrochemical
behaviour of saline lakes. In recent years in the studied region, there has been significant variability in air
temperature and atmospheric precipitation (Figure 2). At the same time, fluctuations of these most
important abiotic factors also affect changes in other environmental components. There was revealed a
negative correlation between air temperature and precipitation in the studied period (Figure 2). A
simultaneous increase in air temperature and decrease in precipitation negatively affects the hydrological
state of saline water bodies, leads to an increase in the total TDS of water and negatively affects the living
conditions of biota.
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Figure 2 — Correlation of temperature and precipitation (correlation coefficient minus 0.77)

As a result of studying the chemical composition of the waters of 6 lakes, 2 types of water
chemistry were established, which are determined by the predominant cations and anions (Alekin, 1970).
Most of the studied lakes have waters of chloride-sodium-potassium composition. In the works on the
study of saline lakes in Altai Krai, this type of water was characteristic of the dry-steppe zone on chestnut
soils. Sulfate-chloride-sodium-potassium composition of waters was found only in Lake Aksor.

In order to identify landscape and geochemical features influencing the main macro-component
composition a factor analysis with varimax rotation was conducted (Toropov, 2022; Reimann, 2008). The
distribution of the studied hydrogeochemical parameters and lakes according to the value of factor
loadings (principal component method) are presented in table 3 and figure 3.

Table 3 — Distribution of factor loadings of the chemical composition of water of Pavlodar region's saline lakes, (n=64)

Factor 1 Factor 2

pH -0.82 -0.39
HCOs5 -0.33 -0.59
SO4* -0.07 0.79

Cl 0.90 0.05
Ca?" 0.32 0.61
Mg?* 0.78 0.39
K*+Na* 0.77 0.17
TDS 0.62 0.08

% of total variance 49 13
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| Note: Indicators with standard factor loading above 0.70 are marked in red |

Table 3 shows that 2 factors explain 62 % of the variance in the experimental data.

Analysis of the obtained data allowed us to identify the main factors determining the chemical
composition of the lakes:

— Factor 1 (49 % of the total variance) is the relationship between the main components of the
chemical composition of waters, the evolution of water types as a result of evaporative concentration;

— Factor 2 (13 %) reflects the behaviour of sulfates. Sulfates as a macro-component can reflect the
peculiarities of collecting of this or that lake, as well as the degree of interaction between water and
bottom sediments. So, when crossing certain thresholds of mineralization sulfur-containing minerals —
gypsum and tenardite are formed (Kolpakova et al., 2019).

In order to show the spatial differentiation of water bodies, we plotted the ratio of factor loadings
between the lakes (Figure 3).
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Figure 3 — Distribution of lakes by magnitude of factor loadings

The graph shows that there is a clear differentiation of the studied lakes, since the mechanisms of
formation and the direction of changes in the chemical composition of such waters differ. The following
three groups were identified:

Highly saline lakes Tuz and Kalatuz. These water bodies have high salinity above 120 g/l but the
high influence of Factor 2 affects the behavior of sulfates. Perhaps these lakes have a stable inflow of
groundwaters. Lake Kalatuz located in the zone of influence of the floodplain of the Irtish River.

Saline lakes Aksor and Aschitakyr with a high sulfates content. These lakes may have a mixed
type of inflow and a higher level of water evaporation.

The largest group includes Lakes Sherbakty, Seiten and Borli. The analysis of factor loadings
shows that the composition of their waters is strongly influenced by Factor 1 and 2. Most likely these
water bodies have an unstable water balance which depends on precipitation and the evaporation intensity
but with groundwaters inflow.

Identified groups of lakes, as a set of different processes, will respond differently to climate
change. In order to show the differences between the selected lakes groups we plotted the water salinity
range diagrams by years (Figure 5).
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Figure 4 — Salinity range diagrams by years

A) Lakes Tuz, Kalatuz, C) Lakes Aksor, Aschitakyr , C) Lakes Sherbakty, Seiten, Borli.

The range diagrams confirm the results of factor analysis: Lakes Tuz and Kalatuz have the most
stable salinity level without major picks, except in 2018, which is associated with an increase in
precipitation.

Lakes Aksor and Aschitakyr tend to increase salinity in comparison with the beginning of
observation in 2017. The diagram shows increase in the range and interquartile distance from 2019 to
2021, which indicates a possible intensification of the process of evaporative concentration in these lakes.

The largest group of lakes shown in Figure 3c characterized by a large range of salinity changes
over the years which additionally indicates the instability of the dynamics of the chemical water
composition. Most likely, different inflow sources of lakes (groundwaters and precipitation) have
different dynamics depending on the year and season.

Important to note, that in order to make more accurate conclusions it requires expanding the range
of studied elements in water and bottom sediments.

Conclusion

The studies have shown that the salinity of waters in the lakes of Pavlodar region varies greatly.
In the studied series, the average waters salinity varies from 60 g/l (Lake Borli) to 260 g/l (Lake Tuz ).
The water composition characterized by a small variety: Cl" - Na*+K* and SO CI'- Na "+K* type of
waters.

Factor analysis has shown 2 main processes affecting the chemical composition of water:
salinization processes (Factor 1) and the processes of water/bottom sediments interaction or groundwater
inflow.

The use of the principal component method allowed us to identify 3 main spatial groups of lakes.
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