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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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Abstract. Relevance. The “Tukhlaya Balka” evaporation (filtration) fields have
received municipal and industrial wastewater of Atyrau since 1945 (476 ha under
the city akimat, 860 ha under JSC “Atyrau Refinery”). The unlined bed and more
than eighty years of operation create a risk of technogenic contamination of soils,
water and air, requiring regular geo-ecological and geochemical assessment as
a basis for ecosystem restoration. Purpose — to assess the degree of technogenic
contamination from seasonal monitoring of sulfur compounds, heavy metals and
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petroleum products in water and soil, and to substantiate the need for remediation.
Methods. Water and soil (0-20 cm) samples were collected at the “Right Bank”
point in April-May and June-July 2026 and analysed in an accredited laboratory by
certified methods (GOST R 51592-2000, GOST 17.1.5.01-80, etc.). Concentrations
were compared with MPC values (GN 2.1.5.1315-03, GN 2.1.7.2041-06); the
water pollution index (WPI) and the concentration coefficient (Kc) relative to
the urban geochemical background (RSE “Kazhydromet” data) were calculated.
Results. Petroleum products in water exceeded the MPC in both seasons (9.0- and
5.4-fold) and were 2.3-3.8 times higher than the maximum values in the regional
river monitoring network; total iron exceeded the MPC only in spring (1.4-fold).
The WPI (2.33 and 1.22) corresponds to quality class I1I (“moderately polluted”).
Hydrogen sulfide occurred in water and soil. The soil is strongly salinized (Cl~ +
SO+ 6,794-6,848 mg/kg), the chloride share rising from 33 to 42% by summer.
Petroleum products, copper and zinc in soil do not exceed the standards, yet the
copper Kc relative to the urban background reached 3.9-4.2. Conclusions. The
leading factors of technogenic loading are petroleum contamination of water, soil
salinization and copper accumulation; remediation with natural sorbents (diatomite,
opoka, Inder deposit borate minerals) and an expanded monitoring network,
including groundwater, are substantiated.

Keywords: filtration fields, technogenic pollution, geo-ecological assessment,
bottom sediments, petroleum products, soil salinization
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AnHoTamusi. Ozexminici. «Tyxmas Oanka» Oynany (cy3y) ankanrtapbl 1945
XKbulgaH Oepi AThIpay KajachIHBIH INapyallbIbIK-TYPMBICTBIK OHE OHIIPICTIK
arbIHJIBI CyJapbiH KaObuUIAai bl (476 ra — Kana okimairi, 860 ra — « Ateipay MO3»
AK). JloxkaHbIH THIPOOKIIAYJIaMaChIHBIH 0OJIMaybl HKOHE CEKCEH JKbUIJAH acTaM
naianany Mep3imi TONBIPAKTHIH, CYABIH )KOHE aTMOC(epalIbIK ayaHbIH TEXHOTEHTIK
JIACTaHy KayIliH TYyFbI3aJibl, OYJI 3KOXKYHEHI TaOUFU COpOCHTTEPMEH KaJlllbIHA
KEJITIPY/IiH HETi3l peTiHle TYPaKThl T'€O03KOJOTHSUIIBIK-TCOXUMHUSIIBIK Oaralay/ibl
Tajan ereni. Maxcamul — Cynarbl )KOHE TOMBIPAKTaFbl KYKIPTTI KOCBUIBICTAPbIH,
ayblp MeTalJapAblH JKOHE MYHail ©HIMIEpiHiH MayChIMIbIK MOHHTOPHHI1
JepeKTepl OOMBbIHIIA ayMaKThIH TEXHOTEHJIK JIACTaHy JOpEKeciH Oarayay *KoHE
PEKYIBTUBAIMS KaXKETTUIriH Herizuey. Odicmepi. Cy xoHe Tombipak (0-20 cm
Kabar) cerHamanapbl «OH xaranay» Hykrecinae 2026 KbUIIbIH COyip-MaMbIp *KoHE
MayChIM-IIJI/IC ailTapblH/ia aJbIHBII, AKKPEIUTTENTCH 3epTXaHaa aTTecTarTalran
onmicremenep OoibiHma (FOCT P 51592-2000, TOCT 17.1.5.01-80 xone T.0.)
tanaanael. Konnenrpanusiiap IHPK-men (FH 2.1.5.1315-03, TH 2.1.7.2041-06)
casbICTRIPBULABL; cyablH Jactany uHAekci (CJIM) xone «Kasrumpomer» PMK
Jepekrepi OOMBIHINA KallaJblK TCOXUMUSUIBIK (DOHFA KATBICThI KOHIICHTPALIUS
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koa¢ppuumenti (Kc) ecenrenmi. Homuowcenepi. Cynarbl MyHall eHIMAEPiIHIH
meuepi eki mayceimaa aa [IIPK-man acter (9,0 sxoHe 5,4 ece) xoHe ©3eHIEpIi
OHIPIIIK MOHUTOPUHI JKEJICIHIAEe TIPKEeJIreH eH Koraphl MoHzepaeH 2,3-3,8 ece
xorapel 0ok, xankl TeMip LIIPK-nan ek kexremae actsl (1,4 ece). CJIN (2,33
xoHe 1,22) 11l cana knaceiHa («opTalia JacTaHFaH») colikec keseai. Kykipreyrek
cyha Jia, TONbIpakTa a aHbIKTanabl. Tomblpak KarThl copranganran (ClI- + SO+~
KOCBIHABICHI 6794-6848 MI/Kr), ®a3Fa Kapail xiopuarepdin yieci 33-ten 42 %-ra
neiiin ecti. TonbIpakTarbl MyHail @HIMIEPi, MBIC KOHE MBIPBIII HOPMAaTHUBTEPACH
acmaiipl, anaiaa KajnaiblK (OHFAa KaThICThI MBICTBIH Kc MoHi 3,9-4,2-re xerTi.
Kopvimuvinowsi. TexHOTeHAIK )KYKTEMEHIH Heri3ri (hakropiaapsl — CyAblH MyHaliMeH
JIaCTaHybl, TONBIPAKTHIH COPTAHAAHYbI )KOHE MBICTBIH JKHHAITYBI; ayMaKThl TaOUFU
COpOCHTTEpMEH (IMATOMHT, ONOKa, VHAep KeH OpHBIHBIH OOpaTThl MIMKi3aThl)
PEKyIbTUBALMSAIAY KOHE MOHUTOPHUHI JKENiCiH, OHBIH IIIiHAE KepacThl CyJapblH
KaMTH OTBIPBIIT, KEHEUTY KKETTUTIT HET13/1eTIi.

Tyiiin ce3nep: cy3y ajkanrapbl, TEXHOTEHJIIK JIACTaHY, T€OIKOIOTUSUIIBIK Oara
Oepy, TYNTIK WeriHaiiep, MyHail @HiMAepi, TONBIPAKTHIH COPTAHAaHYbI
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AnHoTauus. Axmyanvrocms. Ilons ncnapenns (punsrpannn) « Tyxmas 6ankay
¢ 1945 . ucnionb3yroTes A71s IpreMa X035 iHCTBEHHO-OBITOBBIX M IPOU3BOACTBEHHBIX
CTOYHBIX BOJ ropozna Artbipay. Ilnomans ydacTKoB, HaXOJSIIMXCS B BEIEHUU
akuMmara ropoga Ateipay 1 AO «Atsipayckuii HII3», cocraBuster 476 n 860 ra
COOTBETCTBEHHO. OTCYTCTBHE THIPOU3OJIALIUH JIOKA U JJIUTENIbHAS SKCIUTyaTaIus
OOBEKTOB MOBBIIIAIOT PUCK TEXHOTCHHOTO 3arpsS3HEHUs] MOYB, MOBEPXHOCTHBIX
W TIOA3EMHBIX BOJ, a TaKXke aTMOC(epHOro Bo3ayxa. B cBs3u ¢ 3TuM 0coOyro
3HAUUMOCTBIIPHOOPETACT KOMIIEKCHAS T€0IKOIOT0-XUMHUECKas OLICHKA COCTOSIHUS
TEPPUTOPHH, HeoOXoauMas Iisi OOOCHOBAHMSI MEPOIPHUATHH IO CHIKCHHIO
9KOJIOTMUYECKOW Harpy3kd M TMOCIEAYIOUIed peKyJIbTHUBAllMKM 3arps3HEHHBIX
y4acTKoB. [[ens. OLEHUTH CTENEHb TEXHOTEHHOI'O 3arpsi3HEHUs TeppUTOPUU
nojerd Quiprpanun «Tyxmas Oanka» Ha OCHOBE CE30HHOTO MOHHUTOpPWHIA
COZIEp’KaHMs COCTUHEHUH Cepbl, TSHKENBIX METaUIOB U HE(TEIPOLYyKTOB B BOJE
U TOYBE, a TaKke 000CHOBAaTh HEOOXOIUMOCTh MPOBEACHHS PEKYJIBTHBAIIMOHHBIX
MeponpusTuil. Memoowi. VccnenoBanne OCHOBAaHO Ha pE3yJbTarax CE30HHOTO
oTOopa U J1abopaTOpHOTro aHajiu3a Mpod BOIBI U MOYBHL. [IpOOBI TTOUBBI U3 €O
0-20 cm u mpoOsl Boabl O0TOOpaHbl B Touke HaOmoneHus «llpaBoOepexnbe» B
anpene—Mmae u utoHe—utone 2026 r. JlaboparopHble McCIEIOBAaHHUS BBITTOIHEHBI
aKKpPEJUTOBaHHOH JlabopaTopueil ¢ NPUMEHEHHEM aTTeCTOBAHHBIX METOIUK,
Bimoyass ['OCT P 51592-2000, TOCT 17.1.5.01-80 u apyrue HOpMaTHBHBIE
JOKyMEHTHI. [TomyueHHbIe KOHIIEHTPALKHU 3arPsI3HAIOUINX BEIECTB COMOCTABICHBI
C YCTaHOBJICHHBIMH TpeeNbHO JaomycTUMbIMU  koHUeHTpanusmu  (ITJK).
Paccunransl unnekc 3arpssnenus BoAsl (U3B) u koaddunuenT xoHueHTpanun
(Kc) oTHOCHTENBHO TOPOJCKOTO TEOXMMHYECKOro (DOHA, OMpPEAEICHHOIro 10
nanHbM PI'TI «Kasrugpomer». Pesynvmamei. YCTaHOBIEHO, YTO COAEp:KaHUE
HedTenponykToB B Boze npessimano [TJK B 06a nepuoaa nadiroaenuii - B 9,0 u 5,4
paszacooTBeTcTBEHHO. [ Ipr 3TOM KOHIIEHTpauy HePTEPOLYKTOB B UCCIECJOBAHHBIX
npobax MpeBbIIANM MaKCHUMalbHble 3HAUYCHHs, 3aperuCTPUpPOBAaHHBIC B
pEernoHalbHOW CeTH MOHMTOpUHIa pek, B 2,3-3,8 pasa. Ilpesbrmenue I1/IK
M0 COIEPXKAaHUIO 00IIero kene3a 3a(UKCHPOBAHO TOJIBKO B BECEHHHUH MEPHOI
n coctaBuio 1,4 pasa. Paccuntanssle 3Hauenus U3B - 2,33 u 1,22 - oTHeceHsl
aBTopamu K III kitaccy kauecTBa Bojibl («yMEpeHHO 3arps3HeHHas»). CepoBoopos
oOHapyXeH KaK B BOJHOHM, Tak M B MOYBEHHOW cpeae. McciemoBaHHbBIE MOYBHI
XapaKTepU3YIOTCSl BBICOKMM COJEpKAaHHUEM pPACTBOPUMBIX COJIEH: CyMMapHas
KOHIICHTpAIUsl XJIOPHUJIOB U Cynb(daroB cocraBiser 6794-6848 wr/kr. Jlons
XJIOPUJIOB B CYMMapHOM COZAEP’KAHWM YKa3aHHBIX aHHOHOB yBeIWYMach ¢ 33
% BecHoil 10 42 % neroM. KoHueHTpauuu He(TENPOAYKTOB, MEIM U IIMHKA B
[OYBE HE MPEBBILIAIN UCIONb30BaHHBIX HOPMATHBHBIX 3HaueHHH. BmecTe ¢ Tem
KOA(GUIMEHT KOHIEHTPAMH MEAH OTHOCHTEIBHO TOPOACKOIO T€OXHMMUYECKOTO
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¢ona cocrasui 3,9—4,2, 4TO CBUIETEIBCTBYET O €€ MOBBIICHHOM COICPXKAaHUU
M0 CPaBHEHUIO ¢ (POHOBBIMU ITOKA3aTENSAMU. Bb1600b1. Pe3ynbTarsl HccinenoBaHms
CBHJICTEIILCTBYIOT O HAJIMYMM TEXHOTCHHOW HArpy3Kd Ha TEPPUTOPHIO TOJICH
¢unprpannn «Tyxmas Oanka», OCHOBHBIMH MHPOSIBICHUSMH KOTOPOH SIBIISIOTCS
3arpsi3HEHHE BOJBI HE(TENPOLYKTaMH, IMOBBIIICHHOE COAEP)KAaHHE PacTBOPHUMBIX
coiell B TIOYBE M HAKOIUIEHHE MEAHM OTHOCUTENIBHO TOPOACKOTO T€OXHMHUYECKOTO
¢dona. BrisiBneHHble 0COOCHHOCTH MOATBEPKAAIOT HEOOXOAUMOCTD AaJbHEHIIIETro
KOMIUIEKCHOTO 3KOJIOTHYECKOTO MOHHUTOPMHIa M Pa3pabOTKU MEPONPUSTHH IO
PEKyJIBTUBAIMH 3arPSI3HCHHBIX YYacTKOB. B KauecTBe MOTEHINANbHBIX MaTEPHAIIOB
JUISL CHYDKEHHSI TIOIBMIKHOCTH 3arpsi3HSIOIIMX BEIIECTB MOTYT PaccMaTpHUBaThbCs
MPUPOIHBIE COPOCHTHI, BKITIOUAsi JUATOMMT, ONIOKY M OopatHoe cbipbe MHaepckoro
MecTopoXkaeHUs. [lepcreKTHBHBIM HalpaBiICHUEM NaJBHEHIINX HCCIeIOBAaHUN
SIBISICTCS pACIIUPEHHE CeTH HAOMIOIEHHUH C BKIIIOUEHHEM MOHUTOPHHTA ITOJ3EMHBIX
BOJ] M DKCTIEPUMEHTAILHOM OLICHKH 3()(hEeKTHBHOCTH Mpe iaraéMbIX COPOLIMOHHBIX
MaTepuaos.

KiroueBble cooBa: monsg  QuibTpaluM, TEXHOI'CHHOE 3arps3HEHHE,
r€03KOJIOTMYeCKast OlIeHKa, HETEIIPOLYKThI, 3aCOJICHUE MTOYB, TSDKEIIBIE METAJIIBI,
PEeKyIbTUBALINS

Introduction. The territory colloquially known as “Tukhlaya Balka” is a
system of evaporation (filtration) fields designed to receive and naturally neutralize
municipal and industrial wastewater of the city of Atyrau. The facility has been in
operation since 1945, i.e. for more than eighty years, making it one of the oldest
and, at the same time, most problematic accumulation-type hydraulic structures in
the territory of Western Kazakhstan. The total area of the land allotment exceeds
1,300 ha and is divided by ownership: 476 ha are on the balance sheet of the
Atyrau city akimat, where municipal wastewater from the city sewerage system
is predominantly accumulated, and 860 ha are assigned to JSC “Atyrau Refinery”
(ANPZ), which receives industrial wastewater generated, in particular, during oil
dehydration and desalting at electric desalting units (Kenzhetayev et al., 2020a).

The absence of continuous sealing of the impoundment bed, the long period of
operation, and the practically continuous inflow of fresh effluent without adequate
pretreatment create persistent preconditions for the technogenic transformation of
the soil cover, contamination of near-surface and groundwater, and emission of
volatile compounds, including hydrogen sulfide, into the atmosphere. According to
official data from the Atyrau regional branch of RSE “Kazhydromet,” “Tukhlaya
Balka” (together with the “Kvadrat” storage pond in the north-western part of the
city) is one of two municipal accumulators of industrial and household effluent
with a total area of about 1,000 ha, into which effluent flows practically without
treatment, making it the principal source of hydrogen sulfide in the city as a result
of the decomposition of organic matter in sewage, including petroleum products
(Kazhydromet, 2025a). In recent years, environmental measures have been carried
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out at the site aimed at draining and subsequently reclaiming individual sections of
“Tukhlaya Balka,” with part of the effluent redirected to closed pipelines leading
to the municipal wastewater treatment plant; however, as of 2026 the complete
closure of the facility as an active evaporation field has not been completed, which
confirms the continuing relevance of instrumental monitoring of the site.

Under these conditions, the relevance persists of a systematic geo-ecological
and geochemical assessment of the condition of the “Tukhlaya Balka” territory,
including regular monitoring of the quality of water, soil and bottom sediments,
determination of the multiplicity of exceedance of applicable standards,
identification of the leading factors of technogenic loading, and scientific
substantiation of priority directions for remediation. The present work is based on
the results of instrumental studies carried out by an accredited testing laboratory - the
Mobile Environmental Monitoring Centre of the Republican Research Centre for
Atmospheric Air Protection LLP (accreditation certificate No. KZ.T.06.0369 dated
29.03.2024) commissioned by NPJSC “Kh. Dosmukhamedov Atyrau University”
over two seasonal cycles of 2026 - April-May and June-July. The results obtained
are regarded as a scientific basis for the further development of a technology for
restoring the ecosystem of the territory using natural sorbents - diatomite, opoka,
and borate mineral raw material from the Inder deposit (Atyrau region) - inderite
and inyoite.

The purpose of the study is to carry out a geo-ecological and geochemical
assessment of the degree of technogenic contamination of the “Tukhlaya Balka”
filtration fields based on seasonal monitoring of water and soil quality, including
the content of sulfur compounds, heavy metals and petroleum products, and on
this basis to substantiate the need for, and priority directions of, remediation of the
territory.

To achieve this purpose, the following tasks were addressed: 1) to analyse the
chemical composition of water and soil samples collected in two seasonal cycles
of 2026 across three groups of indicators - sulfur compounds, heavy metals and
petroleum products; 2) to compare the concentrations obtained with applicable
maximum permissible concentration (MPC) standards, as well as with independent
statistical data from regional environmental monitoring by RSE “Kazhydromet”;
3) to carry out a geo-ecological assessment of the spatio-temporal dynamics of
contamination of the territory; 4) to substantiate the need for remediation of the
territory as a basis for the subsequent choice of treatment technology.

Literature Review. The problem of accumulation-type evaporator ponds
(filtration fields) for wastewater is typical of arid and semi-arid territories of the
Republic of Kazakhstan, where the absence of natural receivers for treated effluent
makes this method of disposal practically the only alternative. According to K.
Ospanov et al. (2020), about 540 such accumulators are in operation in Kazakhstan,
located near major cities and industrial centres; using the example of the pond
system of the city of Kostanay, the authors established that the efficiency of primary
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settling tanks often does not meet the design value, and pollutants (BODS5, COD,
suspended solids, ammonium nitrogen) enter groundwater through infiltration via
the impoundment bed, with groundwater quality statistically linked (according to
cluster and component analysis) to both the water quality in the ponds and the water
quality of adjacent surface watercourses (Ospanov et al., 2020). This conclusion
is directly relevant to “Tukhlaya Balka,” since the facility is structurally the same
type of unlined earthen accumulator, but has a substantially longer (over 80 years,
versus the first few decades) operating life, which potentially increases the risk of
accumulated contamination of underground horizons.

Methodological approaches to the geochemical assessment of accumulation-type
technogenic water bodies in the arid zone of Kazakhstan have been developed in
detail in the work of G.Zh. Kenzhetayev and co-authors. In a study of the wastewater
evaporator pond of Caspi Bitum JV LLP (Mangystau region), MPC exceedances
were found for a number of indicators ranging from 1.1 to 21.9-fold, including up
to 2.8-fold for total iron and up to 1.7-fold for petroleum products; the BOD5/COD
ratio at all sampling points was below 0.5, which the authors interpreted as a sign
of supersaturation of the wastewater with poorly oxidisable compounds and a low
capacity of the pond for biochemical self-purification (Kenzhetayev et al., 2020a).
To reduce the emission of harmful substances from the surface of the evaporator,
the authors proposed and tested a heliotechnical system of translucent covers
that intensifies the evaporation process in a closed volume while simultaneously
preventing the release of petroleum product and hydrogen sulfide vapours into the
atmosphere (Kenzhetayev et al., 2020a).

In another work by the same team of authors, an ecological-geochemical
assessment was carried out of the wastewater settling pond of the sewage treatment
facility of the city of Zhanaozen (Mangystau region) with the aim of selecting
an environmentally and economically feasible method of treating this water for
subsequent use in irrigating the city’s green spaces under conditions of water
scarcity (Kenzhetayev et al., 2020b). Water and bottom-sediment sampling was
carried out according to the same normative documents (GOST R 51592-2000,
GOST 17.1.5.01-80) as in the present study; for the statistical processing of small
samples with different distribution laws, the authors applied the non-parametric
Kruskal-Wallis test (Statistica 10), and GIS software (Google Maps, SAS Planet)
for mapping the area of the settling pond. Based on the results of the contamination
assessment, the settling pond, located practically within the city limits, was
classified by the authors as a “technogenic” object with an insufficient degree of
water treatment; a heliotechnical method of post-treatment was proposed as the
most economically and environmentally feasible (Kenzhetayev et al., 2020b). The
indicators used in this work - the water pollution index (WPI) and the aggregate
pollution index - are also applied in the present study.

The significance of bottom sediments and soils as an indicator of technogenic
contamination of filtration fields is emphasised in the work of O.V. Kovaleva and
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D.V. Vinogradov (2025), carried out using the example of the filtration fields of
a milk-processing enterprise in the Tyumen region. The authors established an
exceedance of lithosphere clarke values for iron (6.6-fold) and manganese (89.7-
fold), while calculating biological absorption coefficients of elements by the plant
Carex rostrata Stokes, which made it possible to construct accumulation-intensity
series and identify groups of elements with strong and weak biological uptake. It
is shown that as the content of heavy metals in bottom sediments increases, the
intensity of their uptake by the plant decreases, which is relevant for planning
phytoremediation measures at similar facilities (Kovaleva, Vinogradov, 2025).

A separate line of research concerns the improvement of evaporative treatment
technologies for mineralised and oil-contaminated effluent. A. Zaro et al. (2023)
demonstrated experimentally that the use of a porous layer of carbon foam in
the upper part of the evaporator makes it possible to localise thermal energy at
the water surface and reduce the share of energy lost to heating the underlying
volume of liquid by 90.2% at a porosity of 100 pores per inch; the specific energy
consumption for evaporation is thereby reduced from 4.284 to 3.344 kJ/g. Although
this work was carried out in relation to industrial wastewater and municipal solid
waste landfill leachate, the proposed principle of heat localisation is also of practical
interest for intensifying evaporation at facilities of the “Tukhlaya Balka” type.

For a quantitative assessment of the hazard level of soil and bottom sediment
contamination, domestic and Russian practice traditionally uses the methodology
of'the total pollution index Zc, based on the calculation of concentration coefficients
(Kc = Ci/Cbackground) relative to the regional geochemical background, with the
subsequent identification of contamination categories: not hazardous (Zc < 16),
moderately hazardous (16-32), hazardous (32-128) and extremely hazardous
(> 128) (Saet et al., 1990). Along with this, the water pollution index (WPI) is
used to assess surface water quality, calculated as the average value of the ratios
of actual concentrations to MPC for a limited number of priority indicators, with
the identification of seven water quality classes - from “very clean” to “extremely
dirty” (Kenzhetayev et al., 2020b). Both methodological approaches are used in the
present work to interpret the results of chemical analysis.

A synthesis of the sources reviewed shows that, despite the experience
accumulated in Kazakhstan in the geo-ecological assessment of individual
wastewater accumulators (Kostanay, Zhanaozen, Mangystau region), systematic
publications in the peer-reviewed scientific literature devoted specifically to the
territory of “Tukhlaya Balka” - one of the largest and oldest such facilities in the
country - were not found at the time this article was prepared. This determines the
scientific novelty and practical significance of the present study.

Materials and Methods. The object of the study is the “Tukhlaya Balka”
evaporation (filtration) fields, located in the immediate vicinity of the city limits
of Atyrau and divided into left-bank and right-bank sections (Table 1, Figure 1).
Sampling was carried out by the Mobile Environmental Monitoring Centre of the
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Republican Research Centre for Atmospheric Air Protection LLP (accreditation
certificate No. KZ.T.06.0369 dated 29.03.2024) commissioned by NPJSC “Kh.
Dosmukhamedov Atyrau University” at the “Right Bank Tukhlaya Balka” point
(coordinates according to the sampling report: 47°05'06.5" N, 51°58"25.5" E) over
two seasonal cycles: cycle I - April-May 2026 (sampling reports No. 185/B and No.
147/P dated 29.04.2026); cycle II - June-July 2026 (sampling reports No. 262/B
and No. 294/P dated 29.06.2026).

Table 1. General characteristics of the study object.

Parameter Value
Name of the facility “Tukhlaya Balka” evaporation (filtration) fields
Year operation began 1945
Total area of the land allotment, ha ~ 1,336 (476 + 860)
incl. on the balance sheet of the Atyrau
city akimat, ha 476
incl. on the balance sheet of JSC 360
“Atyrau Refinery,” ha
e Receiving munic.ipal we.lstewater from the city sewerage
system and industrial effluent from the refinery
Monitoring point / coordinates “Right Bank,” 47°05'06.5" N, 51°58'25.5" E*
2026 sampling periods 29.04.2026 (cycle I); 29.06.2026 (cycle II)
47.16°N
@ Atyrau WWTP
47.14°N + 3@ ]
47.12°N A 416 ha (city akimat)
47.10°N 1 TYRAU 860 h(.ggl::nt;r:zcg:fery")
~A5km
47.08°N - L--- sampling point “Right Bank”

47°05'06.5" N, 51°58'25.5" E
JSC “Atyrau Refinery”

47.06°N -

47.04°N

2km

47.02°N -

T T T T T
51.85°E 51.90°E 51.95°E 52.00°E 52.05°E

[0 Built-up area of Atyrau @ JSC “Atyrau Refinery”
[ “Tukhlaya Balka”", right-bank section (860 ha) H  Atyrau WWTP
[ “Tukhlaya Balka", left-bank section (476 ha) * Sampling point “Right Bank”

Ural River (schematic)

Figure 1. Schematic map of the location of the “Tukhlaya Balka” evaporation fields relative to
the city of Atyrau, JSC “Atyrau Refinery” and the Atyrau wastewater treatment plant (KOS); WGS-
84 coordinate system. Section boundaries and the course of the Ural River are shown schematically;
coordinates of the city of Atyrau, JSC “Atyrau Refinery,” the “Tukhlaya Balka” facility and the KOS

are based on mapping services and official documentation of JSC “Atyrau Refinery” (Atyrau Oil
Refinery JSC, 2026).
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Water sampling, preservation and transport were carried out in accordance
with the requirements of GOST R 51592-2000 “Water. General requirements
for sampling,” soil sampling (sampling depth 0-20 cm) - in accordance with
GOST 17.1.5.01-80 “Nature protection. Hydrosphere. General requirements
for sampling of bottom sediments of water bodies for pollution analysis.”
Meteorological parameters were recorded during sampling: in April, the air
temperature was 17.1°C, atmospheric pressure 758 mmHg, wind direction
north-east, wind speed 2.1-3.4 m/s; in June - 27.3°C, 757 mmHg, northerly
wind, 2.5-3.4 m/s, respectively. Laboratory tests were carried out using
certified methods, a list of which by matrix type and determined indicators
is given in Table 2.

Table 2. Sampling programme and normative-methodological basis of the analysis.

Matrix Indicator Unit Normative document for the test method
Water Petroleum products mg/dm? ST RK 2328-2013
Water Total iron mg/dm? ST RK ISO 6332-2008
‘Water Sulfates mg/dm? ST RK 1015-2000
Water Hydrogen sulfide mg/dm? ST RK 2874-2016
Water Sulfides mg/dm? ST RK 2874-2016
Water Copper, lead, zinc mg/dm? ST RK 2318-2013
Soil (0-20 cm) | Petroleum products mg/kg MVINo. 03_03_22001222§KZ'07'00'01668-
Soil (0-20 cm) | Hydrogen sulfide mg/kg SanPiN 42-128-4433-87
Soil (0-20 cm) Phenol mg/kg PND F 16.1:2.3:3.44-05
Soil (0-20 cm) Chlorides mg/kg GOST 26425-85
Soil (0-20 cm) Sulfates mg/kg GOST 26426-85
Soil (0-20 cm) Copper, zinc mg/kg ST RK 2.377-2015

To interpret the results, concentrations of pollutants in water were compared
with maximum permissible concentrations (MPC) for wastewater discharge into
water bodies used for drinking, domestic and cultural purposes (GN 2.1.5.-1315-
03) - following the methodological approach tested in the assessment of similar
accumulation-type technogenic water bodies in the Republic of Kazakhstan
(Kenzhetayev et al., 2020a; Kenzhetayev et al., 2020b). Heavy metal concentrations
(Cu, Zn) in soil were compared with the hygienic standards GN 2.1.7.2041-06
“Maximum permissible concentrations (MPC) of chemical substances in soil”
(mobile form), since specific regional standards for soils of the arid zone of the
Atyrau region are not established in open sources; the general regulatory framework
of the Republic of Kazakhstan for chemical substances contaminating soil is set
out in the joint order of the Minister of Health of the Republic of Kazakhstan and
the Minister of Environmental Protection of the Republic of Kazakhstan dated
2004. For petroleum products in soil, a five-level contamination scale approved
by Roskomzem and agreed with the Ministry of Natural Resources of Russia (10-
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18.11.1993) was used: less than 1,000 mg/kg - acceptable level; 1,000-2,000 -
low; 2,000-3,000 - medium; 3,000-5,000 - high; more than 5,000 mg/kg - very
high level of contamination (Roskomzem, 1993); in the absence of an officially
approved numerical MPC standard for petroleum products in soil in the regulatory
framework of Kazakhstan and the CIS, this scale is widely used in the practice of
engineering-environmental surveys.

The following were calculated: the multiplicity of MPC exceedance (Kp
= Cactual / MPC); the relative change in concentrations between seasons A =
(Csummer - Cspring) / Cspring % 100%; the integrated water pollution index WPI
= (1/n)-ZCi/MPCi for five regulated indicators (petroleum products, total iron,
sulfates, copper, zinc), with subsequent classification into one of seven water
quality classes (Kenzhetayev et al., 2020b); and the concentration coefficient Kc
= Ci/Cbackground for copper and zinc in soil - relative to the urban geochemical
background of the city of Atyrau.

To statistically verify the results obtained and give them regional context, data
from official state environmental monitoring were used: information bulletins on the
state of the environment for the Atyrau region and for the Republic of Kazakhstan
as a whole, published by the Atyrau regional branch of RSE “Kazhydromet” and
the Environmental Monitoring Department of RSE “Kazhydromet” on a monthly
and semi-annual basis (Kazhydromet, 2025a, 2025b). These bulletins contain, in
particular, actual concentrations of copper and zinc in the soils of settlements of the
Republic of Kazakhstan, including the city of Atyrau (as of the first half of 2025:
copper 0.31-0.35 mg/kg, zinc 2.0-2.4 mg/kg) (Kazhydromet, 2025b), used in the
present work as the urban geochemical background Cbackground when calculating
concentration coefficients, as well as hydrochemical monitoring data for the Zhaiyk
(Ural) River, the Kigash River and the Peretaska, Yaik and Sharonova channels
within the city of Atyrau, used for an independent comparison of the actual
petroleum product concentrations in the water of the “Tukhlaya Balka” point with
the regional monitoring network (Kazhydromet, 2025a). Water quality classification
according to Kazhydromet data is carried out according to the “Unified system for
classifying water quality in water bodies” in force in the Republic of Kazakhstan,
approved by order No. 70 of the Committee for Water Resources and Irrigation of
the Ministry of Agriculture of the Republic of Kazakhstan dated 20.03.2024, and
includes six classes - from “very good quality” (class 1) to “highly polluted” (class
6) waters; this classification is used in the present work as a system of comparison
independent of the WPI.

Results and Discussion. Chemical composition of water. The results of the
chemical analysis of water at the “Tukhlaya Balka” point (right bank) over two
seasonal cycles of 2026 are given in Table 3 and Figures 2-4.
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Table 3. Results of the chemical analysis of water and multiplicity of MPC exceedance.

Indicator Unit MPC* Sigetiy (fyge= | SiEmsne KP’ Kp, A, %
May) (Jun.-Jul.) | spring | summer

Petroleum products | mg/dm? 0.1 0.90 0.535 9.00 5.35 -40.6
Total iron mg/dm? 0.3 0.41 0.12 1.37 0.40 -70.7
Sulfates mg/dm? 500 404.2 79.0 0.81 0.16 -80.5
Hydrogen sulfide mg/dm? - 0.050 0.02 - - -60.0
Sulfides mg/dm? - 0.003 <0.002 - - <-333
Copper mg/dm? 0.05 0.0173 0.0051 0.35 0.10 -70.5
Lead mg/dm? - 0.003 0.006 - - +100
Zinc mg/dm? 1.0 <0.1 <0.1 <0.10 | <0.10 0

Bl April-May 2026
B June-July 2026
==+ MPC level (Kp = 1)
EZZ]1 below detection limit

C/MPC

Kp =

0.10 <0.10 <0.10

f
Petroleum Total iron Sulfates Copper Zinc
products

Figure 2. Multiplicity of MPC exceedance for regulated water quality indicators at the “Tukhlaya
Balka” point (GN 2.1.5.-1315-03).

As follows from Table 3 and Figure 2, the only indicator for which MPC
exceedance was recorded in both seasonal cycles is petroleum products: 9.0-fold
in spring and 5.4-fold in summer. The total iron content exceeded the standard in
the spring period (1.37-fold), but decreased to 0.40 MPC in the summer period. No
exceedances were found for sulfates, copper or zinc in either cycle, despite sulfates
being the most abundant impurity by absolute concentration (79-404 mg/dm?). A
comprehensive profile of the multiplicity of MPC exceedance for all five indicators
simultaneously is presented on the radial diagram (Figure 3): it is clearly visible
that the contour for both seasons extends beyond the MPC circle (Kp = 1.0) only
along the “petroleum products” axis, while along the other axes the contour lies
inside this circle.
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Petroleum
products

Zinc

Sulfates Copper

—&— Apri-May 2026 —&— June-July 2026 —== MPC level (Kp = 1)

Figure 3. Radial profile of the multiplicity of MPC exceedance (Kp) for regulated water quality
indicators (logarithmic scale).

Attention is drawn to a multidirectional seasonal dynamic: concentrations of
most regulated indicators (petroleum products, iron, sulfates, copper, hydrogen
sulfide) decreased in the summer cycle relative to spring by 40.6-80.5%, whereas
the lead content, on the contrary, increased (from 0.003 to 0.006 mg/dm?), while
remaining at a level typical of background concentrations (Figure 4). The observed
general decrease in concentrations may be due to a combination of factors: seasonal
dilution of effluent by flood waters in April-May, intensification of biochemical and
physicochemical transformation processes of impurities as water temperature rises
in summer (a similar seasonal dependence has been noted for evaporator ponds in
the Mangystau region (Kenzhetayev et al., 2020a)), as well as the possible influence
of environmental and technical measures carried out at the site during the period
under consideration. To unambiguously interpret the seasonal dynamics, continued
monitoring over a full annual cycle with quarterly frequency is required.

Comparison with independent data from regional monitoring by RSE
“Kazhydromet” confirms the pronounced technogenic nature of the petroleum
contamination at the “Tukhlaya Balka” point. According to the bulletin for
September 2025, petroleum product concentrations at control cross-sections of the
Zhaiyk (Ural) River and its channels (Peretaska, Yaik, Sharonova) within the city
of Atyrau were 0.054-0.234 mg/dm?, with the waters classified as quality class 3-4
(“moderately polluted”-“polluted”) according to the current Unified Classification
System (Kazhydromet, 2025a; KVR MSKh RK, 2024). Even the lower of the
two values recorded in the present study (0.535 mg/dm?, summer) exceeds the
maximum value recorded in the regional river network during the same period by
2.3-fold, and the spring value (0.90 mg/dm?) by 3.8-fold, indicating a substantially
higher technogenic loading on “Tukhlaya Balka” compared with background water
bodies of the same region.
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The presence of hydrogen sulfide (0.02-0.050 mg/dm?) and dissolved sulfides
(up to 0.003 mg/dm?) in the water indicates the development of sulfate reduction
processes in anaerobic microzones within the water column and the near-surface
layer of bottom sediments, which is typical of water bodies that have long
received effluent with a high concentration of organic matter, and is consistent
with the previously established low BODS5/COD ratio (< 0.5) for similar facilities
in Kazakhstan, indicating a low capacity of such ponds for biochemical self-
purification (Kenzhetayev et al., 2020a). Given that BOD5 and COD indicators
were not included in the present sampling programme, their inclusion among the
determined indicators appears advisable for subsequent monitoring cycles.

1 5

EEE Apri-May 2026
B June-July 2026
FZZ]1 below detection limit

0.41

o
-
L

0.01 4

Concentration, mg/dm3 (log scale)

Total iron Copper Lead Hydrogen Sulfides
sulfide

Figure 4. Seasonal dynamics of iron, copper, lead, hydrogen sulfide and sulfide content in the
water of the “Tukhlaya Balka” point (logarithmic scale).

Chemical composition of soil. The results of the chemical analysis of soil (0-20
cm layer) are given in Table 4 and Figures 5, 6.

Table 4. Results of the chemical analysis of soil.

Indicator Unit Standard* ( A?)Ir).r-ll?/liy) (illl;l_l}:ﬁr.) A, %
Petroleum products | mg/kg | <1000 (accept.) 20.9 <5.0 -76.1
Hydrogen sulfide mg/kg - 1.93 1.55 -19.7
Phenol mg/kg - <0.05 <0.05 0
Chlorides mg/kg - 2236.5 2875.5 +28.6
Sulfates mg/kg - 4557.09 3972.75 -12.8
Copper mg/kg 3.0%* 1.3 1.4 77
Zinc mg/kg 23.0%* <5.0 <5.0 0

* For petroleum products - category according to the contamination-level assessment scale
(Roskomzem, 1993); dash - no regulated numerical standard exists. ** GN 2.1.7.2041-06, mobile
form.
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mg/kg mg/kg
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W Chlorides (CI7) Sulfates (SO3~)

Figure 5. Structure of water-soluble salts in the soil of the “Tukhlaya Balka” point (share of
chlorides and sulfates, %, and their total content, mg/kg).

The most pronounced feature of the chemical composition of the soil is the high
content of water-soluble salts: chloride concentration was 2,236.5 mg/kg in spring
and 2,875.5 mg/kg in summer (an increase of 28.6%), and sulfates - 4,557.09 and
3,972.75 mg/kg, respectively (a decrease of 12.8%). As shown in Figure 5, the total
salt loading (CI~ + SO+*") remained practically unchanged between cycles (6,794 and
6,848 mg/kg, respectively), although the structure of the salt composition shifted: the
share of chlorides increased from 33 to 42%, with a corresponding decrease in the
share of sulfates from 67 to 58%. Expressed as a mass fraction, the total salt content
corresponds to 0.68-0.69% of soil mass, which exceeds levels typical of non-saline
soils of the arid zone by one to two orders of magnitude, and indicates the formation
of a technogenic salt marsh (solonchak) within the evaporation fields. The shift of the
salt composition structure towards chlorides by the summer period may be explained
by the different behaviour of these ions as temperature and evaporation intensity
increase: highly soluble chlorides continue to accumulate in the upper horizon owing
to capillary rise of moisture, whereas part of the sulfates can be removed from solution
through precipitation of poorly soluble sulfate minerals (gypsum), which is a typical
process for evaporite systems of an arid climate.
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Figure 6. Content of petroleum products, copper and zinc in soil compared with regulatory
thresholds (the Roskomzem, 1993 scale and GN 2.1.7.2041-06), mg/kg (logarithmic scale).
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Unlike salinization, the content of petroleum products and heavy metals in soil
does not exceed applicable standards, although it approaches them for copper. The
petroleum product concentration decreased from 20.9 mg/kg in spring to a level
below the detection limit (< 5.0 mg/kg) in summer, corresponding to the “acceptable”
level of contamination on the scale (Roskomzem, 1993) (two orders of magnitude
below the lower boundary of the “low level” category, 1,000 mg/kg). The copper
content amounts to 43-47% of the hygienic standard GN 2.1.7.2041-06 (3.0 mg/kg,
mobile form), i.e. it remains within the acceptable range but is not negligible and
warrants attention in subsequent monitoring; the zinc content does not exceed 22%
ofthe corresponding standard (23.0 mg/kg). Phenol was not detected in any samples
at the method’s limit of determination (< 0.05 mg/kg). The hydrogen sulfide content
in soil (1.55-1.93 mg/kg) is an additional indicator of locally anaerobic conditions
in the near-surface layer, associated with the decomposition of organic matter from
the wastewater entering the evaporation fields.

Geo-ecological assessment of the site condition. Calculation of the integrated
water pollution index (WPI) for five regulated indicators (petroleum products, total
iron, sulfates, copper, zinc) gives a value of 2.33 for the spring cycle and 1.22 for
the summer cycle. According to the seven-class scale adopted in hydrochemical
practice (I - “very clean,” WPI < 0.3; II - “clean,” 0.3-1.0; III - “moderately
polluted,” 1.0-2.5; IV - “polluted,” 2.5-4.0; V - “dirty,” 4.0-6.0; VI - “very dirty,”
6.0-10.0; VII - “extremely dirty,” > 10.0), the water at the “Right Bank” point
belongs to quality class III (“moderately polluted”) in both observation periods,
with some improvement of the indicator by the summer cycle - approaching the
boundary of class II (Figure 7).
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Figure 7. Dynamics of the water pollution index (WPI) at the “Tukhlaya Balka” point against the
background of the adopted seven-class water quality scale.

Direct comparison of the copper and zinc concentrations obtained in soil with
the hygienic standard GN 2.1.7.2041-06 shows that both metals remain within the
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acceptable range - 43-47% and no more than 22% of the standard, respectively.
At the same time, comparison with the urban geochemical background of the
city of Atyrau, based on semi-annual soil monitoring by RSE “Kazhydromet”
(copper 0.31-0.35 mg/kg, zinc 2.0-2.4 mg/kg) (Kazhydromet, 2025b), gives a
fundamentally different picture: the copper concentration coefficient Kc is 3.9
in spring and 4.2 in summer, i.e. the copper content in the soil at the “Tukhlaya
Balka” point is approximately 4 times higher than the typical urban background
(Figure 8), indicating real technogenic enrichment of the soil with copper that is not
revealed when comparing only with the sanitary-hygienic standard. For zinc, Kc
does not exceed 2.3 (taking into account the detection limit of < 5.0 mg/kg). This
discrepancy - exceedance of the background while simultaneously complying with
the hygienic standard - emphasises the methodological importance of using both
approaches simultaneously: the GN 2.1.7.2041-06 standard answers the question
of direct sanitary hazard, whereas the concentration coefficient K¢ answers the
question of the degree of technogenic change of the territory relative to itself (the
urban background), which is more informative for the purposes of geo-ecological
monitoring and remediation planning.
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Figure 8. Concentration coefficient of copper and zinc in the soil of the “Tukhlaya Balka” point
relative to the urban geochemical background of the city of Atyrau (based on data from RSE
“Kazhydromet,” 2025b).

Comparison of the contamination structure of “Tukhlaya Balka” with the
previously studied wastewater settling pond of the city of Zhanaozen (Kenzhetayev
et al., 2020b) indicates a fundamental similarity between the facilities in type - both
are accumulators of municipal and industrial effluent in the arid zone, classified by
researchers as “technogenic” objects - and in the proposed method of post-treatment
(heliotechnical intensification of evaporation). At the same time, according to the
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present study, the leading factors of technogenic loading on “Tukhlaya Balka” are
persistent petroleum contamination of water and pronounced salinization of soils;
the contribution of heavy metals does not create a direct sanitary hazard (Cu and Zn
content below hygienic standards), although significant enrichment relative to the
urban background is recorded for copper (Kc = 3.9-4.2), whereas for the Zhanaozen
settling pond, according to the literature, heavy metals are also among the controlled
contamination indicators (Kenzhetayev et al., 2020b). This is consistent with the
composition of the bulk of the incoming effluent: municipal sewage from the city
sewerage system in the akimat-owned section, and industrial effluent from the
refinery associated with oil dehydration and desalting in the plant-owned section,
for which a high content of chlorides, sulfates and petroleum products is typical
(Kenzhetayev et al., 2020a).

By analogy with methodologically similar studies of accumulation-type
technogenic water bodies (Kenzhetayev et al., 2020b; Ospanov et al., 2020), it can
be predicted with a sufficient degree of probability that: 1) maximum pollutant
concentrations are confined to the zones of direct effluent discharge; 2) the
distribution of impurities within the water area has a pronounced wind-related
character owing to the “surge” phenomenon of water towards the prevailing wind
directions, which for the city of Atyrau are characteristically north-easterly and
northerly (also confirmed by the parameters of the present sampling); 3) the most
likely risk zone for groundwater quality is the periphery of the accumulators,
including the boundary between the left-bank and right-bank sections and the
adjacent floodplain of the Ural River - by analogy with the statistical relationship
established for the Kostanay ponds between groundwater quality and the water
quality in the accumulators, which weakens with increasing distance from the
ponds (Ospanov et al., 2020).

Scientific substantiation of the need for remediation and possible treatment
technologies. Although MPC exceedances were not found for most regulated
indicators at the studied point, the totality of the data obtained substantiates the
need to carry out remediation measures on the territory of “Tukhlaya Balka.”
This conclusion is based on several grounds: (1) a persistent MPC exceedance
for petroleum products in water, maintained in both seasons (5.4-9.0-fold); (2)
pronounced technogenic salinization of soils, exceeding levels typical of natural
soils of the region by one to two orders of magnitude; (3) continuing emission of
hydrogen sulfide, confirmed by the laboratory data of the present study in both water
and soil; (4) more than 80 years of facility operation without continuous sealing of
the impoundment bed, creating a cumulative risk to groundwater quality by analogy
with the documented mechanism of infiltration contamination of the aquifer for the
Kostanay ponds (Ospanov et al., 2020); (5) the absence of groundwater quality
monitoring within the site perimeter in the current monitoring programme.

Given the chemical composition of the contamination identified (sulfates,
sulfides and hydrogen sulfide; petroleum products; copper, enriched relative to the
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urban background), the most targeted approach appears to be a sorption treatment
method using natural mineral sorbents that we plan to apply at the site - diatomite
and opoka, as well as borate mineral raw material from the Inder deposit (inderite,
inyoite), which is a regional resource of the Atyrau region. Diatomite and opoka are
microporous siliceous sedimentary rocks with a developed specific surface area,
cation-exchange capacity, and high sorption capacity for petroleum products and
heavy metal ions, which makes them fundamentally suitable for the post-treatment
of water containing precisely those groups of pollutants identified as priorities in
the present study; a quantitative assessment of their sorption efficiency in relation
to the water and soil of “Tukhlaya Balka,” as well as the prospects for using borate
raw material from the Inder deposit.

Thus, the results of the contamination assessment of the “Tukhlaya Balka”
evaporation fields, located practically within the city limits of Atyrau and receiving
effluent practically without treatment, which allows the facility to be classified
as “technogenic,” substantiate the choice of natural mineral sorbents - diatomite,
opoka and borate raw material from the Inder deposit (inderite, inyoite) - as the most
economically feasible and environmentally safe method of water post-treatment for
the subsequent restoration of the ecosystem of the territory.

Conclusion. Based on the results of two seasonal sampling cycles (April-May
and June-July 2026) at the “Right Bank” point of the “Tukhlaya Balka” evaporation
fields, a persistent exceedance of the fishery-water MPC (GN 2.1.5.-1315-03) for
petroleum product content was established - 9.0-fold in spring and 5.4-fold in
summer; an episodic exceedance (1.4-fold) was recorded for total iron in the spring
period. No exceedances were found for sulfates, copper or zinc in either cycle.

The calculated water pollution index (WPI) was 2.33 in spring and 1.22
in summer, corresponding to quality class III (“moderately polluted”) in both
observation periods; this assessment is consistent with the independent water
quality classification of the Ural (Zhaiyk) River within the city of Atyrau (class 3,
“moderately polluted”) carried out by RSE “Kazhydromet” according to the current
Unified Classification System. Petroleum product concentrations at the “Tukhlaya
Balka” point exceed the maximum values recorded during the same period in the
regional surface water monitoring network of the Atyrau region by 2.3-3.8-fold.

The soils of the territory are characterised by pronounced technogenic
mineralisation: the total content of chlorides and sulfates was 6,794-6,848 mg/kg
(0.68-0.69% of soil mass), with a shift in the structure of the salt composition from
a predominance of sulfates (67%) in spring to a more equal ratio with chlorides
(42/58%) in summer, exceeding typical background values for non-saline soils of
the arid zone by one to two orders of magnitude and indicating the formation of a
technogenic salt marsh (solonchak).

The petroleum product content in soil (5.0-20.9 mg/kg) corresponds to the
“acceptable” level of contamination; the copper content amounts to 43-47%, and
zinc to no more than 22% of the applicable hygienic standard GN 2.1.7.2041-
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06, i.e. it remains within the norm. At the same time, comparison with the urban
geochemical background of the city of Atyrau (based on RSE “Kazhydromet”
data) revealed significant enrichment of the soil with copper (Kc = 3.9-4.2) with
moderate enrichment with zinc (K¢ <2.3), which demonstrates the limitations of an
assessment based solely on sanitary-hygienic standards without taking the regional
geochemical background into account.

The leading factors of geo-ecological risk in the studied territory are persistent
petroleum contamination of water, pronounced salinization of soils, accumulation
of copper in soil relative to the urban background, and continuing emission of
hydrogen sulfide - according to RSE “Kazhydromet,” “Tukhlaya Balka” is the
principal source of hydrogen sulfide for the city of Atyrau - which substantiates the
need to complete and expand the environmental measures being carried out at the
site.

The contamination structure established (sulfur compounds, petroleum products,
copper enrichment) confirms the feasibility of the application we plan of natural
mineral sorbents (diatomite, opoka, borate raw material from the Inder deposit -
inderite, inyoite) for wastewater treatment and the subsequent restoration of the
ecosystem of the territory. In addition, the following is recommended: technical
remediation of the impoundment bed followed by ameliorative desalinization and
biological remediation using salt-tolerant and oil-tolerant plant species.
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