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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue birarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4uTas 3TO HallPaBJICHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxas3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa30oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBYS
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OnHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe craim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOAMMBIE B COBPEMEHHOM MHpE
MpeANpPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OM3HECY IMIKOJbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iis moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHI HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepke M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAIWU IIE€AaroroB,
COBEpIIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIbBKY HMEHHO OHHU SIBJISIOTCS
[IPOBOAHUKAMH 3HAHUHM OyIyIIMX MOKOJeHHH KazaxcTaHueB. [Ipu mognepxkke donna
«XanplK» B IOKHOH cTONMie ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKONW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTall pealn3yeMblii MPOEKT 1O OOYYEeHHIO OCHOBaM
(MHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MpEeIIPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

Heob6xonumyro nmomois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!
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OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
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BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
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(Ceren, Bernrpust) H =38
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TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
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XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
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Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
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AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
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[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35
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Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. The article presents the results of a study of the physicochemical
properties, mineral and elemental composition of the natural black and white mud
of Lake Shoshkaly and assesses the possibility of using this natural raw material in
general. An analysis of studies in recent years shows the lack of data on the composition
and structure of Shoshkala peloids, which are popular with the population for their
healing properties. A comparative analysis of the obtained data with previous studies
of peloids from other regions of Kazakhstan was carried out and a physicochemical
assessment of its therapeutic effect was given. Conclusions are drawn on the surface
morphology, granulometry, and elemental composition of the studied peloid. The results
of the study showed that the black and white mud of Lake Shoshkaly is an alkaline
sulfide silt saturated with salt, has a low content of humus carbon, and is of the sodium-
ammonia-chloride-sulfate type in terms of chemical composition. They slightly differ
in mineralogical and granulometric composition. Elemental analysis showed increased

31



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

concentrations of chalcophile elements in comparison with Clarks in the Earth's crust.
The total content of elements in the sample indicates the need for systematic monitoring
studies since natural mud can be a sensitive indicator of changes in the geochemical
background due to anthropogenic influences.

Keywords: Natural mud, peloid, mineralogy, composition, silt, Shoshkaly, black
mud, white mud
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Annoranusi. Makanazna [llomkassl KeniHiH TaOUFH Kapa kKoHe aK 0aIlIbIKTapbIHbIH
(u3NKa-XUMUSIIBIK KACHETTEPiH, MUHEPAJBIK KOHE SJIEMEHTTIK KYpPaMbIH 3epTTey
HOTHXKeJepi OepiireH »KoHe JKalIbl OChl TAOUFHU IIUKI3aTThl MalaaHy MYMKIHAIKTEPi
Oarananrad. COHFBI XbUITAPAAFBl 3€PTTEYICPIl Talgdy eMAIK KaCHETTEPIMEH XaJIbIK
apaceigaa taneiMan [llomkana nenouaTapbIHBIH KYpaMbl MEH KYPBUIBIMBI Typajibl
JepEeKTepIiH JKOKTBIFBIH KepceTeai. AJblHFaH Moanimerrepre KasakcraHHBIH Oacka
ailMaKkTapblHaH allblHFaH TIeJOUATapFa OYpPBIHFBl 3€PTTEYICPMEH CajbICTHIPMAaIIbI
Tangay XKYpri3iiin, OHbIH eMIIK dcepine (PU3uKa-XUMUSIIBIK Oara Oepingi. 3eprreneTin
MEeJIOUATHIH, OeTKI MOPQOJIOTHSCH, TPaHYJIOMETPHACHL JKOHE 3JIEMEHTTIK KYpaMbl
OolbIHIIA KOPBITHIHABLIAD Kacanaibl. 3epTrey HoTkenepi Llomkansl KemiHiH Kapa
YKOHE aK OalIBIKTaphl TY3Fa KAHBIKKAH CUITUI Cylb(GUATI TYHOA 00BN TaOBLIATHIHBIH,
KypaMblHAa TYMYyCThl KOMIpPTEri a3 JXoHE XWUMUSUIBIK KypaMbl >KarblHaH HaTpuii-
AMMOHHU-XJIOPUATI-CYAb(ATThl TYPiHE KaTaTbIHBIH KopceTTi. Onaap MUHEPaIOTHSIIBIK
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KOHE TPaHYIOMETPUSIIBIK Kypambl OOWBIHIIA a3fan epeKieleHei. ODJIeMEHTTIK
aHaJIN3 JKep KbIPTHICHIHIAFbl KIaPKTapMEH CaJIbICThIPFaHa XalbKOPUIIbIi 3JIeMEHTTED
KOHUEHTPALMSCHIHBIH JKOFapbl eKeHZIriH kepcerTi. ChlHaMaaarbl 3JIeMEHTTEpIiH
Kallbl KypaMbl JKyHeldl MOHUTOPMHITIK 3epTTeyNepAiH KaKeTTINIriH KepceTemi,
OWTKeHI TaOWFU OajIIbIK AaHTPOTOTEHMIK ocepre OalIaHBICTBI T€OXMMHUSUIBIK (OH
e3repicTepiHiH ce3iMTall KepceTKilli 00Jia anajbl.

Tyiiin ce3mep: TaOuru GaNIIbIK, IEIOUI, MUHEPAIOTHS, Kypambl, jiai, [1lomkanesl,
Kapa OaJIlbIK, aK OaIIbIK
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AHHOTaIII/Iﬂ. B crartbe OpEACTaBJICHBI PE3YJbTAaThl UHCCICAOBAHUA (bHBI/IKO—
XUMHUYCCKUX CBOI\/’ICTB, MHUHEPAJIBHOIO U 3JICMCHTHOTO COCTaBa MPUPOAHBIX qepﬂoﬁ n
Oenoi I‘pﬂ3el71 03¢pa [lomkanel ¥ JaHa OLIGHKA BO3MOXKHOCTH HMCIIOJIb30BaHHUS 3TOrO
MOPpUPOAHOIO ChIPbSA B IICJIOM. Amnanwns HUCCIICIOBAaHUN IIOCICAHMX JIET ITOKa3bIBaeT
OTCYTCTBUC JAHHBIX IO COCTABY U CTPYKTYPHI ICJIOUI0B ]_HOI_HKEIJ'ILI, MOJIBb3YIOLIUXCA
NOMmyJIApHOCTBIO 'y HACCJIICHUA CBOMMU I_[eJ'Ie6HI:IMI/I CBOMCTBaMH. HpOBC,[[CH
CpaBHHTCJ’ILHLIfI aHaJIM3 TOJYYCHHBIX AAaHHBIX C MNPCABIAYIIMMU HCCICAOBAHUAMU
NeJIOUJ0B APYIruX pEruoHOB Kazaxcrana u JaHa (l)I/I3I/IKO—XI/IMI/ILICCKa$I OIICHKa eé
TEPAINCBTUYCCKOIO 3(1)(1)6KT3. CILCJ’I&HH BBIBOAbBI II0 HOBCpXHOCTHOfI MOp(i)OJ'IOFI/II/I,
TpaHyJIOMETPUH, a TAKIKC DJICMCHTHOI'O COCTaBa MUCCJICAYCMOIO IMejIonaa. PeByJ'ILTaTLI
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HCCIIeIOBaHUS MOKa3alli, YTO YepHas u Oenast rpsas3b o3epa lllomkansl npencraBiser
cOo0OH HACBIIICHHBIA CONBIO  INEJOYHOH CynbQUAHBIA W, HMMEIOT HHU3KOE
COJEpKaHUE yIiIepoJa rymMyca U IO XMMHUYECKOMY COCTaBYy OTHOCSTCS K HATPUEBO-
aMMHaYHO-XJIOpUAHO-CynbdaTHOMY Tuy. OHHM HE3HAUUTEIbHO paA3IMYarOTCsA IO
MUHEPAJOTHYECKOMY W TpaHyJOMETPUUYECKOMY COCTaBy. OJEMEHTHBIH aHaju3
M0Ka3aJl MOBBIIIEHHBIE KOHLUEHTPANUN XaJbKOQHIBHBIX JIEMEHTOB 10 CPAaBHEHHIO C
Knapkamu B 3emHOl kope. BanoBoe conmepxanue 31eMEHTOB B oOpaslie yKa3blBaeT
Ha HEOOXOAMMOCTb CHCTEMAaTHYECKHMX MOHUTOPWUHIOBBIX HCCIENOBAHUH, MOCKOJIBKY
IPUPOAHBIE I'PA3U MOTYT SIBISATHCS YYBCTBUTENBHBIM HHJUKATOPOM K H3MEHEHHIO
TrEOXMMHUYECKOT0O (pOoHa B BUAY aHTPOTIOT€HHBIX BIUSHHMH.

KuaroueBsie cisioBa: IlpuponHas rps3p, Menouj, MHUHEpPAJOrHs, COCTaB, I,
Hlomxkansl, uepHas rps3b, Oenas rpssb

Introduction

Natural mud is a complex product obtained in the course of long-term complex
processes of geochemical and biological origin. The chemical composition of natural
muds, their physical properties, as well as the therapeutic effect are studied by researchers
in different countries. A comprehensive physical and chemical study of mud was
described, including the determination of pH, granulometry, chemical, and mineralogical
composition, organic matter in Romania (Baricz et al., 2021), in Montenegro (Potpara
et al., 2017), in Turkey (Odabasi et al., 2007), in Cuba (Martinez-Villegas et al., 2020).
The factors influencing the formation of the chemical composition and genesis of silt
mud include the salt composition of the brine of the reservoir, soil, and organic matter of
plant and animal origin. At the same time, the degree of accumulation of mud is greatly
influenced by the morphological features of water salinity, the geological structure of
the shores, and the landscape features associated with it. Depending on the geographical
location and climatic conditions, fluctuations in the composition and content of mineral
and organic substances of peloids will vary within fairly wide limits that indicate their
specificity in each individual case. In Kazakhstan, the most studied physicochemical
properties of peloids of salt lakes are in Western Kazakhstan (Akhmedenov, Khalelova,
2021), as well as the Kossor deposit, located three kilometers from the southern coast of
Alakol Lake (Dzhetimov, 2014), Zhalanashkol Lake (Tokpanov, 2016), and Ray Lake
(Tokpanov et al., 2021) in South Kazakhstan.

Salt Lake Shoshkaly is located in the eastern region of Kazakhstan and contains
large volumes of native black and white mud. They have been popular among the local
population since ancient times. actively used as a folk remedy. Especially during the
COVID-19 pandemic, interest in this affordable healing source has increased. In open
sources, there are no data on systematic studies of the mud of this lake in recent years.
The purpose of this study is to determine the mineral and particle size distribution, as
well as the elemental composition to identify and expand potentially significant areas
of application, as well as processing, rational use of this raw material in industry. The
conditions and time of maturation can change some characteristics of peloids, such as
their plasticity, ability to absorb, and biochemical composition (Carretero, 2002). This
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article presents the results of a study of the physicochemical properties and mineralogical
composition of the black and white mud of Lake Shoshkaly, their analysis is carried out
and a characteristic is given in terms of the existing classification, and an attempt is
made to scientifically interpret the possible industrial applications of these peloids.

Materials and method of experiment

Samples were taken from the area where the mud is mined using the method of
point samples with a depth of up to 20 cm in one layer for black mud and up to 30
cm for white mud every 5 m in the radius of the source and were subjected to further
quartering according to GOST 17.1.5.01-80. Figure 1 shows the coordinates of the
sampling site of Lake Shoshkaly (51.2776037; 78.7108238) and the appearance of the
peloid, respectively. The GPS location at the time of sampling was determined using the
GoogleMaps mobile phone application. Sampling was carried out in the autumn period
(September 2022). The averaged samples were stored in clean polyethylene containers
with tightly closed lids at 40°C in a dark place.

Fig. 1. Sampling (a) and general view of mud samples:
(b) — Shoshkaly Black Peloid; (c) — Shoshkaly White Peloid

Determination of the pH value of the peloid and the dense residue of the aqueous
extract was determined according to GOST 26423—85 using a two-channel meter S47
Seven Multidual meter pH/conductivity (Russia). The content of mobile forms of
nitrogen in the nitrate form was also determined according to GOST 26951-86 by the
potentiometric method; phosphorus and potassium according to the Machigin method
according to GOST 26205-91; sulfur by the photometric method according to GOST
26490-85. Sodium, potassium, ammonium, calcium, magnesium cations were determined
by capillary electrophoresis according to the PNDF method 16.1:2:2.2:2.3.74-2012
(KZ.07.00.03091-2015), chloride ions, sulfate ions in the inlet extract according to
PNDF 16.1:2:2.3:2.2.69-10 (KZ.07.00.03091-2015). For these studies, the system of
capillary electrophoresis "KAPEL-104T" with the software "Elforan" was used. Gross
concentrations of metals were determined by laser ablation in combination with mass
spectrometry ICP-MS Agilent 7500cx manufactured by Agilent Technologies (USA).
To obtain reliable results, a threefold analysis of the samples was carried out. Data are
presented as mean +SD. The granulometric composition of the mud was determined
according to GOST 12536-2014 by the pipette method. Volumetric mineralogy was
determined by X-ray diffraction (XRD) using an X'Pert High Score modular X-ray
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diffractometer manufactured by PANalitical (Netherlands). The analyzes were carried
out in the range of diffraction angles 26 from -12° to +140° with a minimum scanning
step of 0.001°. The diffraction pattern data were interpreted using the Crystallography
Open Database (COD), Inorganic Crystal Structure Database (ICSD) file cabinet. To
study the surface microrelief and particle size distribution (PSD), scanning electron
microscopy (SEM) was used using a JSM6390LV low-vacuum analytical scanning
electron microscope manufactured by JEOL Ltd. (Japan) with an energy-dispersive
microanalysis system INCA EnergyPenta FET X3 from OXFORD Instruments
Analytical Limited (Great Britain) microscope. Particle size distribution was calculated
using ImagelJ software and plotted in OriginPro 2018.

Results and discussion

A sample of black silt (sample 1) and white silt (sample 2) from Lake Shoshkaly is
an oily homogeneous mass of dense consistency with a persistent smell of hydrogen
sulfide. Sample 1 is dark gray (Figure 1b), and sample 2 is light gray (Figure 1c). Sample
1 contains a slightly larger amount of carbon from humic and fulvic acids compared
to sample 2 (Table 1). Humic acids have antiviral and anti-inflammatory, antimutant
effects. They play an active role in wound healing (Gomes de Melo et al., 2016). The
total carbon content of humus in both samples is below the accepted norm for the total
content of organic matter for sulfide silts (Adilov et al., 2000).

Table 1. Physico-chemical parameters of mud samples

Parameter Sample 1 Sample 2
pH 9.666+0.119 9.685+0.018
Maximum hygroscopic moisture, % 26.54 23.38
Mud solution mineralization, g/dm’ 154.67+3.11 216.00+2.34
Group composition of humus, %

C total 0.1716 0.1332

C (humic acids) 0.0744 0.0648

C (fulvic acids) 0.0972 0.0684
Water aqueous forms of composition, mg kg!

Cl 17,967+639 9,571£341
SO> 116,899+5,616 49,65142,381
Ca* 10042 100+2
Mg*" 120+1 120+1
Na* 21,378.5+491.7 13,628.0+313.5
K* 374.4+14.6 203.2+8.0
NH,* 69,561+4,149 53,107+3,399
Mobile forms of composition, mg kg!

P-PO, 55.98+0.45 20.75+0.31
K-K0 903.45+7.46 466.54+5.60
S-S0 138.29+5.68 124.33+4.88
N-NO; 52.50+1.37 27.50+0.93
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According to the obtained physicochemical parameters, both samples can be salt-
saturated (mineralization>150 g/L) alkaline (pH>9) sodium-ammonium-chloride-
sulfate type and can be described by the Kurlov formula:

50,121.77C150.61

for sample 1 M55 Sseasnasaos’ Ymmol; pH9.67

50,5L72CI26.96

e O -
mmol; pH9.69
NH.296.04Na59.25 " % P

for sample 2 M216

An alkaline environment activates the protease, which helps to remove damaged
components in skin lesions, however, an excessive amount of protease eventually destroys
the newly built tissue and can irritate it (Greener et al. 2005). The studied samples have
approximately the same moisture values. Taking into account the humidity standards
adopted for the use of mud in balneology, sample 1 may be suitable for these purposes.
According to the data in Table 1, sodium, ammonium, and sulfate anions are mostly
found in the aqueous extract of Shoshkala peloids. In comparison with the available
data on the composition of peloids from other regions, the samples of Shoshkaly Lake
are distinguished by a lower content of calcium and magnesium ions in the aqueous
extract of mud solutions and increased content of sulfate compared to the muds of Inder,
Alzhansor Lakes of Western Kazakhstan (Khalelova, Kalyuzhnaya, 2022; Myazina,
2019), Zhalanashkol Lake of South Kazakhstan (Tokpanov, 2016). In both samples,
the highest content of sulfate ions in the aqueous extract was revealed in comparison
with the salt extract. Sulfate ions, together with chloride ions and sodium ions, have
an antioxidant and anti-inflammatory effect in the treatment of atopic dermatitis and
psoriasis (Tsoureli-Nikita et al., 2002). It is known that sodium ions increase skin
permeability, promote moisture retention, activate the ion transport system through
the cell membrane, and participate in the elimination of toxins and cell stimulation
(Potpara, 2017). Ammonium salts have a keratolytic effect of an anti-allergic and anti-
inflammatory nature, reducing flaking and facilitating the course of skin diseases such
as psoriasis, dermatitis (eczema), etc. A comparison of the quantitative values of the
total content of phosphorus and potassium (Figure 2) and their exchange forms (Table
1) shows that most of the phosphorus and potassium are in both peloids in a fixed
form. The mineralization of the white mud is higher than in the black mud sample.
This may be due to the deeper level of occurrence of sample 2 and the features of the
processes of deposition of elements with a high density in the lower layers (Rzetala et
al., 2019). In addition, the accumulation and distribution of microelements are greatly
influenced by the particle size distribution, the content of carbonates, water-soluble
salts and amorphous oxides, and organic carbon (Karnaukhova, 2016). The elemental
composition of the studied samples was analyzed based on a comparison with the
abundances in Continental Crust (CC) according to Vinogradov, 1962 since there are no
calculated clarke values for bottom sediments and mud (Vinogradov, 1962). Analysis of
the data shows that among the elements, the content of which does not exceed 100,000
mg/kg (Figure 2a) and 2000 mg/kg (Figure 2b), in samples 1 and 2 of the Shoshkala
Lake mud, all the elements presented are in smaller quantities compared to CC.
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The distribution of macronutrients was as follows:

for black mud sample: AI>Na>Mg>Fe>K>Ti>P>Ba>Mn>Sr;

for white mud sample: Al>Mg>Na>Fe>K>Ti>P>Ba>Mn>Sr.

Compared to black mud, the white mud sample has high magnesium content relative
to sodium. With the exception of iron and manganese, the distribution corresponds to
the geochemical specificity of the analyzed elements in both samples.

90000 80007 7 Shoshkaly Biack Peloid
[_] Shoshkaly White Peloid
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Fig.2. Total concentration of elements in interval < 100,000 mg/kg (a) and < 2000 mg/kg (b)
in the black and white mud samples of Shoshkaly lake in comparison
with the Abundances in Continental crust, mg/kg

The total concentration of elements, the content of which does not exceed 100 mg/kg
(Figure 3a) and 5 mg/kg (Figure 3b), is approximately the same in both samples, with
the exception of copper, molybdenum, silver, and tantalum. The content of copper in
black mud exceeds the content in white mud by 1.9 times. The reduced copper content
may indicate a more clayey nature of sample 2 (Suarez, 2015).
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Fig. 3. Total concentration of elements in interval < 100 mg/kg (a) and < 5 mg/kg (b)
in the black and white mud samples of Shoshkaly lake, mg/kg

The molybdenum, silver, and tantalum content in white mud are 2.1, 1.9, and 1.7

times higher, respectively. According to the prevalence of these elements, the following
distribution is observed:
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for black mud sample

Zr>Rb>Zn>Cu>Pb>V>Li>Cr>Ce>Nd>Sc>Ni>La>Nb>Y>Ga>Co>Pr>As>Sm>Cs
>Dy>Th>Hf>Bi>Er>Mo>Gd>W>U>Sb>Ta>Cd>Ge>Eu>Ho>Be>Ag>Tb>T];

for white mud sample

Zr>Rb>Zn>V>Li>Cr>Pb>Cu>Ce>Nd>Ni>Sc>La>Y>Ga>Nb>Co>Pr>As>Sm>Cs
>Dy>Mo>Th>Hf> Ta>Cd>Gd>Sb>Bi>U>Ge>Er>W>Be>Eu>Ag>Ho>Tb>TI.

The distribution rows of elements are significantly different for black and white
mud, especially for copper, molybdenum, bismuth, tungsten, and erbium. The resulting
distributions in both cases do not quite match the geochemical specification. This may
indicate a stronger influence of mud formation and sedimentation processes on the
accumulation of microelements.
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Fig. 4. The ratio of the concentration of elements in interval < 100 mg/kg (a) and < 5 mg/kg (b) in
samples of black and white mud of Shoshkaly Lake to their Abundances in Continental Crust according
to Vinogradov, 1962

Among the elements, the content of which does not exceed 100 mg/kg (Figure 4a)
and 5 mg/kg (Figure 4b), in most cases they are in smaller quantities compared to their
content in the CC. However, in both samples, an increased content of lead is observed
in comparison with CC by 2.8 times (sample 1) and 1.9 times (sample 2), lithium by 1.6
and 1.8 times, arsenic by 1.5 times and 1.9 times, silver by 2.3 and 4.2 times, antimony
4.0 times, cadmium 5.0 and 6.2 times, respectively.

The content of molybdenum is increased by 1.7 times in comparison with the CC in
the white mud sample. A significant excess of the total content of bismuth is observed
in sample 1-126 times and in sample 2-93 times. Molybdenum has an affinity for
iron, is oxyphilic, and concentrates under reducing conditions. The high content of
bismuth can be explained by the fact that in sulfide minerals the content of bismuth
varies by several orders of magnitude and tends to be concentrated to a greater extent
together with galena. Elements that are in increased concentrations in the studied
samples compared to the values in the CC are included in the group of chalcophile
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metals according to Goldschmidt and have a specific affinity for sulfur. Most forms of
their minerals are inactive in alkaline mineral-rich environments, representing natural
geochemical barriers. However, other factors, such as temperature, the ratio of cations
to anions, the ionic strength of the medium, and microbial metabolites, can significantly
change the mobility of elements (Sherene, 2010). An analysis of the granulometric and
complex composition of the peloid shows its close connection with the physicochemical
properties and state of aggregation. Figure 5a presents the results of the analysis of
variance. Elemental analysis of the surface shows that in both samples, the largest
fraction by mass is accounted for by oxygen, silicon, sodium, and chlorine. In sample
1, in comparison with sample 2, in some areas, there is a higher content of iron, and
aluminum, but a lower content of calcium, magnesium, and carbon. Thus, in the selected
areas of both peloids, we can assume the presence of sodium chloride, silicon oxide, and
sodium to a greater extent. In the case of the black mud of Shoshkaly Lake, silicates,
aluminum, and iron oxides are present to the greatest extent, and oxides, silicates,
calcium, and magnesium carbonates are present in the white mud sample.

4
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Fig. 5. Morphology of samples of black (upper sample) and white (lower sample) mud of Shoshkaly
Lake: SEM images at a scale of 500 um (a); particle size distribution (b-c)

According to the literature, particle size distribution plays an important role in the
mobility of metal ions. The results of the surface morphology study show that the
samples have close average particle sizes (Figure 5b). At the same time, in the black
mud sample, the largest number of particles are in the size range of 400-500 nm, while
in the white mud sample — 200-600 nm, which is slightly shifted towards smaller sizes.
This confirms the quantitative data on the granulometric and mineralogical composition
of the samples. In white mud, the content of silt (<0.001mm) is slightly higher, while
the fraction of sand (<0.01mm) is lower (Figure 5c¢). A higher content of halite (Table
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2), in the case of the white peloid of Shoshkala, can cause an increase in the content of
the clay fraction and affect the textural features of the peloid (Cara, 2000). Both samples
are distinguished by the highest content of the sand fraction and they can be attributed
to the “sand” type (Shepard, 1954). Samples contain significant amounts of coarse sand
fraction (1-0.25 mm) in their composition, which exceeds the accepted norm for use in
peloid therapy (Adilov et al. 2000). This indicates the need to screen out this fraction with
the potential use of these muds in pelotherapy. The low percentage of the clayey fraction
of both peloids may indicate a coastal nature of continental origin. The studied samples
have a similar mineralogical composition. Sample 1 is enriched to a greater extent with
fine-grained quartz and sample 2 with albite mineral. The mineral composition of the
white mud of Shoshkala is also characterized by a high content of calcite and halite.
The presence of calcite may be responsible for the therapeutic effect since carbonates
stimulate subcutaneous circulation and epidermal renewal (Karakaya et al., 2010).

Table 2. Mineralogical composition of peloid samples from Shoshkaly Lake, %

Sample 1 | Sample 2
Quartz low (SiO,) 57.2 25.8
Plagioclase-Albite (Na[AlISi,O,]) 36.1 59.1
Zeolite X (Na Al Si O, ,.220H,0, Mn,Rb-exchanged, dehydrated) - 34
Calcite (CaCO,) 2.6 6.3
Halite (NaCl) 2.3 5.4
Magnetite (FeO-Fe,0,) 1.8 -

It is also distinguished by the presence of a small amount of zeolite X. Zeolites
can enhance the sorption activity of this peloid in terms of active radicals, solar
radiation, ecotoxicants, and pathogenic microbes (Pesando, 2022). Since sample 2 is
distinguished by a large value of total mineralization, concentrations of molybdenum,
silver, and arsenic, this may show the potential relationship and affinity of this mineral
to these elements. The black peloid contains the mineral magnetite which has magnetic
properties and opens up prospects for the complex use of Shoshkala black mud in
magnetotherapy.

Conducting a detailed study of the physical and chemical composition of black and
white sapropels of the Shoshkaly salt lake was carried out for the first time, its rich
mineral composition makes it possible to scientifically substantiate the conditions for its
integrated use in balneology and also promotes new developments to expand the range
of its use and obtain products based on it.

Conclusion

Physicochemical and mineralogical analysis of the black and white natural mud of
the Shoshkala lakes showed that these peloids belong to alkaline, salt-saturated sulfide
muds with a low content of humus carbon. They have a homogeneous finely dispersed
colloidal mass of dark gray color for black mud and light gray color for white mud.
Shoshkala muds are of the "sand" type and have a similar mineralogical composition.
The black peloid of Shoshkala is distinguished by a high content of fine-grained quartz
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and also contains albite, halite, calcite, and magnetite, which opens up prospects for its
use in magnetotherapy. Analysis of surface morphology confirmed the higher content
of silicates and aluminum and iron oxides in black mud, and calcium and magnesium
carbonates in white mud. A sample of white mud contains a slightly larger amount of
silt and a smaller amount of sand fraction, it contains large amounts of albite, calcite,
halite, and zeolite X, which can enhance its sorption properties. This may cause greater
mineralization of the composition of white mud and the manifestation of a greater
physiological effect on the human skin biome. Analysis of the total content of elements in
both muds showed a significant content of lead, silver, antimony, cadmium, and bismuth
in comparison with their abundances in Continental Crust. Most of these metals belong
to chalcophiles and have a natural barrier in a weakly alkaline adsorption medium. The
distribution of elements with a concentration of more than 2000 mg/kg in both types of
mud corresponds to the geochemical specification, with the exception of lower values
for iron and manganese, and elements with a concentration of less than 100 mg/kg are
largely absent. A study of the mobile forms of the main cations and anions of natural
mud shows that both peloids can be associated with sodium-ammonium chloride-sulfate
disease, which has a complex anti-inflammatory and antioxidant effect in the fight
against skin diseases. The analysis of the physicochemical composition of the black
and white mud of the salt lake Shoshkaly was carried out for the first time. The rich
mineral composition, on the one hand, makes it possible to scientifically substantiate
the complex conditions for the use of these peloids in the research field, with other
research monitoring requirements to determine various sources and characteristics of
the conditions for the content of active ingredient research and extensive research. The
results of the study show that the development of the virus may be associated with the
distribution and production of concentrate products based on them.
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