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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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BAC PEJAKTOP
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

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

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

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

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

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. This study examines the features of chemical pollution of water and soil
in the riparian zone of the Styr River (Ukraine), considering distance from pollution
sources and landscape type. The results show significant variability in chemical
pollution levels. The main pollutants in water include elevated concentrations of
Cu, Zn, Pb, and Mn, while soils are primarily affected by Cu, Cd, and Ni. The
analysis reveals four distinct element groups: I — Cd, Cu in soils and Cu, Mn, Zn in
water; Il - Zn in soils and Pb, Sr in water; 111 - Pb, Co, Cr, Ni in soils; IV - Cd, Co,
Cr, Ni in water. Three site groups were identified by heavy metal pollution levels:
Group I (sites near Boratyn, Rovantsi, and central Lutsk); Group II (sites near
Lyplyany and Kniahynynok); Group III (Hnidavske bog and Teremnivski ponds
in Lutsk). Multidimensional analysis of geochemical gradients reflects pollution
distribution in water and soil compared to control areas. The practical significance
of these results lies in their potential to predict ecosystem dynamics, enabling more
effective protection and restoration of ecosystem components. Understanding these
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geochemical conditions helps forecast stability and changes in ecosystem due to
environmental pollution.

The practical significance of the results obtained is that forecasting dynamic
trends, protection and restoration of ecosystem components are impossible without
taking into account their relationships with environmental conditions, in particular,
with the level of chemical pollution of the environment. Knowing the geochemical
conditions of ecotopes in a certain period of time, it is possible to determine their
position in the ecological space on the complex gradients of the environment of
the Styr River and its tributaries, to predict the stability and possible changes in
vegetation, fauna and microflora due to environmental pollution. The results of the
research can be used in regional monitoring systems for geochemical pollution of
hydrographic networks of rivers of large cities.

Keywords: river, heavy metals, environmental safety, mathematical modeling,
city
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aliMaFbIHJAFbI Cy MEH TOIBIPAKTHIH XUMHUSIIBIK JIACTAHY CHITaTTaMallapbIH 3epTTey
HOTIWDKEINepi YCBIHBUTFaH. HoTrkenep XUMISUTBIK JJacTaHy JeHTeHiHIH alTapIIbIKTal
e3reprimTirin kepcereni. Herisri cy nacraymeuiapeina Cu, Zn, Pb sxone Mn
JKOFapbl KOHIIEHTPAIUSCHI XKaTajbl, all Tonbipakka HerizineH Cu, Cd xone Ni acep
eteni. Tanmay aneMeHTTEpiH TOPT TYPIi TOOBIH aHbIKTal b1 | — Cd, Cu TombIpakTa
)one cymarsl Cu, Mn, Zn; Il — Zn Tomsipakra *xoHe cynarsl Pb, Sr; 111 — Pb, Co, Cr,
Ni rombipakra; [V — Cd, Co, Cr, Ni cyna. Ayslp MeTalap/AblH JIACTaHy JCHICHIHE
OaiimaHpICTHI YIII TON yuyackenep O0emini: [ rorn (bopaTsiab, PoBaHIIb )koHE OPTAITBIK
Jlyuk manpmarsl yaackenep); 11 Ton (JIumnsabl sxoHe KHATHHBOK MaHBIHIAFBI
yuackenep); III tom (JIymkreri I'mmmaBckoe OarmakThl >XoHE TepeMHOBCKH
TOFaHAaphl). [COXUMMSIIBIK TPaJIUCHTTEPAIH KOIl alHbIMAallbl Taaaybl Cy MEH
TOTIBIPAKTAFbI JIACTAHY/IBIH OaKbLIAy Y4YacCKEJIEPIMEH CaJIBICThIPFAHJA TapalyblH
Kepceremi. bynm HOTIKeNneplmiH TNPaKTUKAIBIK MaHBI3IBUIBIFEl  3KOKYHEHIH
TUHAMUKACHIH OOJDKay OJIEYCeTIHAE JKaThIp, OWI DKOXKYHe KOMITOHEHTTEPiH
THIMJIIPEK KOpFayFa )KoHe KaJITbIHA KeNTipyre MyMKIHIiK Oepei. By reoXuMHSITBIK
JKaFJaiIapapl TYCIHY SKOXYWEHIH TYPaKTBUIBIFBIH JKOHE KOpIIAaFaH OpPTaHBIH
JIaCTaHYBbIHAH TYBIHJaFaH e3repicTep/i OomKkayFra KOMEKTeCe/Ii.

AJBIHFaH HOTIDKENEP/iH TMPaKTUKAIBIK MaHBI3ABUIBIFEl - JTHHAMHKAIBIK
ypaictepai Ooikay, SKOKylie KOMIIOHEHTTEPiH KOpFay JKOHE KaJjllblHa KeNTipy
oNapjblH KOpIIaFaH OpTa >KarJnaiiapbIMeH, ararl alTKaHja, KOpIIaraH OpTaHBIH
XUMHSUTBIK JIACTaHy JCHIeHiMEeH OaillaHBICBIH ecKepMell MYMKiH emec. benrimi
Oip YyakKpIT Ke3eHIHIETI OJKOTONTAPABIH TCOXUMUSIIBIK JKaFmaimapblH  Oie
OTBIPHII, ojapAbliH LITHp ©3¢HI MEH OHBIH cajalapbIHBIH KOpIIaraH OPTaChIHBIH
KYpAemi rpagueHTTepi OOWBIHIIA HKOMOTHSUIBIK KEHICTIKTETT OpHBIH aHBIKTAyFa,
KOpIIIaFaH OpPTaHbBIH JIACTAaHYbIHA OAMIaHBICTHI OCIMAIKTEP/iH, (hayHaHBIH >KOHE
MHKPOMIOpaHBIH TYPAKTBUTBIFEI MEH MYMKIiH OOJIaTBIH ©3repicTepiH Ooinkayra
Oomajpl. 3epTTey HOTIDKENIEPIH Ipl KajlanapiblH ©3CHJICPIHIH THAPOTPAUSIIBIK
KEJJIePIHIH TEOXUMUSUIBIK J1aCTaHyblH alMaKThIK MOHUTOPHHI JKYHelepiHue
naigananyra 0oJabl.
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Annortauusi. IlpeacraBieHbl pe3ynbTaThl HCCIIEAOBAHUN O0COOCHHOCTEH
XMMHUYECKOTO 3arpsI3HEHM S BOJbI M TOYBHI B TPUOpekHON 30He peku CToIp (YikpanHa)
C YUETOM PacCTOSIHUS 10 HCTOYHUKOB 3arpsi3HEHMS U THIA JaHamadra. Pesynsrars
MOKAa3bIBAIOT 3HAYMTEIbHYIO HF3MEHUYNBOCTh YPOBHEH XMMHUYECKOTO 3arpsizHenust. K
OCHOBHBIM 3arpsI3HUTEISIM BOJIbI OTHOCSTCS TMOBBIIICHHBIE KOHIeHTpamu Cu, Zn,
Pb u Mn, B To BpeMsi Kak MOYBBI B OCHOBHOM IOJBep keHbI BozzelicTBriO Cu, Cd n
Ni. AHanu3 BBISBIISICT YETHIPE pa3indHble rpymmsl 371eMeHToB: | — Cd, Cu B mouBax
u Cu, Mn, Zn B Boze; Il — Zn B mousax u Pb, Sr B Boxe; 111 — Pb, Co, Cr, Ni B mouBax;
IV —Cd, Co, Cr, Ni B Boze. [1o ypoBHSIM 3arpsi3HEHHUS TSHKEIBIMUA METaJIIaMU ObLTN
BBIJICJICHBI TPH TPYMITBI yyacTKoB: rpynma | (yuactku BOnm3u boparsina, PoBaHist
u uentpaibHoro Jlynka); rpynna Il (yuactku BOmm3u JlumuisiH u KHArHHBIHOKA);
rpymnma III (I'amaasckoe 6onoto u TepemunBckue npyasl B Jlyke). MHOroMepHbIi
aHaJM3 TCOXUMHUYECKUX TPAJUCHTOB OTPAKACT pAaCHpeAeiCHUE 3arps3HeHUs
B BOJC W MOYBE IO CPAaBHEHHMIO C KOHTPOJIBHBIMH yudacTKamu. [Ipaktuueckoe
3HAUEHHE ITUX PE3YNIBTATOB 3aKII0YACTCS B MX MOTEHIIMANE [T TPOTHO3UPOBAHHUS
JUHAMHUKH DSKOCHUCTEMBI, YTO TIO03BOJsieT Ooniee A(PQPEKTHBHO 3alIMIIaTh U
BOCCT@HABIUBATh KOMIIOHEHTBI AKOCHCTEMBI. [lOHMMaHHE ATHX TEOXUMHYECKUX
YCIIOBUH TOMOTaeT MPOTHO3UPOBAaTh CTAOMIIBHOCTH U U3MECHEHHSI B IKOCHCTEME,
BBI3BaHHBIC 3aTPSI3HEHUEM OKPY KaroIei cpebl.

[IpakTueckoe 3HaYEHHE TIOJYYCHHBIX pPE3YJIbTaTOB COCTOMT B TOM, YTO
MPOTHO3UPOBAaHHE JUHAMHYECKMX TEHJEHIMH, OXpaHa M BOCCTaHOBICHHE
KOMIIOHEHTOB 9KOCHCTEMBl HEBO3MOXKHBI 0e€3 yueTra HX B3aUMOCBS3CH C
9KOJIOTUUECKUMH YCIOBHUSIMHU, B TOM YHUCIIE ¥ C YPOBHEM XMMHUYECKOTO 3arpsI3HEHNUS
cpenbl. 3Hasi TEOXMMHYECKUE YCIOBHS HKOTONOB B ONPENEICHHBIN Mepuoj
BPEMEHH, MOXKHO ONpPENEIUTh MX MOJOKEHHE B KOJOTMYECKOM IPOCTPAHCTBE
Ha KOMIUICKCHBIX TpajueHTax cpeasl CTHp W ee MPHUTOK, NPOTHO3UPOBATh
YCTOWYMBOCTh W BO3MOXKHBIE M3MEHECHHUSI PACTHTEILHOCTH, YXHBOTHOTO MHpa
U MUKpOQIIOpBl BCIEACTBHE 3arps3HEHHsI OKpYyKaiolled cpensl. Pesymbrarsl
WCCIIEIOBAaHUM MOYKHO HCIIONIB30BaTh B CHCTEMaxX PErHOHAIBLHOIO MOHUTOPWHIA
TEOXMMUYECKOTO 3arpsI3HEHUS THAPOrpapUUECKUX CeTel PeK KPYMHBIX TOPOIOB.

KioueBble coBa: peka, TSHKENbIE METalIbl, SKOJIOTHUECKasi 0e30MacHOCTbD,
MaTeMaTH4eCcKoe MOJICINPOBAHKE, TOPO/T
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Introduction. According to the "Water Strategy of Ukraine until 2050", the
quality of surface waters, which are a source of drinking water for 80% of the
population of Ukraine, is unsatisfactory and is characterized by an increased
content of organic and biogenic substances, while groundwater is characterized by
increased hardness and mineralization, as well as an above-normal content of iron
and manganese compounds. Heavy metals enter the soil mainly with emissions
from industrial enterprises and transport, wastewater, industrial and municipal
waste, mineral fertilizers, and pesticides (Sternik, 2017). About 90% of heavy
metals released into the environment are accumulated in soils. Therefore, soil
condition should be considered as an integral indicator of the long-term process of
environmental pollution. Meanwhile, soil contamination is a source of secondary
pollution of the ground air layer, surface and groundwater. In this regard, the
problem of the dependence of the levels of soil pollution in the coastal zone and
the water of the Styr River and its tributaries arose. Researchers of the migration
of heavy metals emphasize that soils are not only a medium for growing plants
and a reservoir for waste disposal, but also a powerful source of many pollutants
to surface and groundwater, the atmosphere, and human food. It is known that the
pH also directly affects the mobility of chemical elements. Due to this feature, it is
possible to predict the most dangerous areas of migration of potential toxicants to
water sources within the urban area. Heavy metals are found in water bodies in the
form of free (hydrated) ions, complex compounds of various natures, and as part of
suspended solids (Chirane et al., 2024).

Water pollution with heavy metals is most often referred to as Cd, Pb, Zn,
Cr, Ni, Co, Hg, etc. The main sources of water pollution with heavy metals are
electroplating facilities, mining, ferrous and non-ferrous metallurgy enterprises,
machine-building plants, etc. (Allia et al., 2024). Heavy metals in a water body
cause a range of negative effects: entering the food chain and disrupting the
elemental composition of biological tissues, they have a direct or indirect toxic
effect on aquatic organisms (Bui et al., 2024). Heavy metals enter the human
body through the food chain. Once in the human body, heavy metals cause serious
health consequences (Nersesyan et al., 2021; Serhiyenko et al., 2022), as they can
provoke the emergence of dangerous diseases and exacerbation of acquired chronic
diseases among people of all ages. In some cases, the diseases are accompanied by
oncological effects and other serious diseases of the human body (Serhiyenko and
Serhiyenko, 2022; Skrobala et al., 2022).

Heavy metals are among the most dangerous chemical pollutants for the
environment. Heavy metals are characterized by low migration activity in soils, are
well deposited, and accumulate in the surface layer. Soil self-purification is almost
non-existent or very slow. Toxic substances accumulate in the soil, which leads to
gradual changes in the chemical content of the soil (Popovych et al., 2021). This
means that the areas will remain contaminated for decades. A significant proportion
of heavy metals that pollute the environment gets into the soil, which serves as a
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powerful accumulator and is practically not lost over time. Considerable attention
is paid to the release of heavy metals into surface and underground water bodies
during mining activities, which are developed in Ukraine (Pukish et al., 2024). The
technogenic load is also increasing in flood-prone areas, especially in industrial
regions (Adamenko et al., 2017).

Currently, there are different approaches to assessing the level of soil and water
pollution (Rahman et al., 2024; Fred;j et al., 2024), as well as erosion processes
(Mohanty and Tare, 2024) and hydromorphological changes. The main criterion
for the hygienic assessment of the hazard of pollution by harmful substances is
the maximum permissible concentration (MPC) of chemicals (Sternik, 2017). The
content of chemicals in soil and water should not exceed the maximum permissible
concentration (MPC). The sanitary and hygienic MPC of a chemical (Andrusyshina
et al., 2020) in water is the maximum concentration that does not directly or
indirectly affect the health of the current and future generations of humans when
exposed to the body and does not worsen the sanitary conditions of water use
(Serhiyenko and Serhiyenko, 2021).

Materials and methods. These indicators include: concentration coefficient
Ke, total pollution index Zc, soil or water pollution index P/. (Andrusyshina et al.,
2020; Sternik, 2017).

The concentration coefficient Kc is defined as the ratio of the actual content of
the chemical C (in mg/kg for soil or mg/dm3 for water) to its maximum permissible
concentration C, , :

Ke,=C./Cypy (1)
Where: i — is the serial number of the chemical substance.

The total pollution index Zc is equal to the sum of the concentration coefficients
of chemical elements Kc. In a modified form, it is represented by the formula:

Zc= iKci 2)
1

Where: n — is the quantity of chemical pollutants.

The soil or water pollution index P/ (pollution index) is defined as the arithmetic
mean of the concentration coefficient Kc:

PI:ZKcl./n:Zc/n (3)
1
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Standardized values of heavy metal concentrations were calculated by the
formula:

z.=(x,—M)/o 4)

Where: z, — is the standardized value of the concentration of a chemical element
in soil or water;

x, is the actual concentration of the chemical element; M is the arithmetic mean;

o 1s the standard deviation.

Taking this into account, 8 research sites were selected (Fig. 1).

6

Kniahynyok
$
N
&
Conventional notation: List of sampling sites:
- 1. Boratyn village
A — horizon 2. Rovantsi village
3. Lutsk city, Central city beach

@ — city 4. Lutsk city, Lutheranska St wan &
5. Lyplyany village, Heroiv UPASt "
@ — sampling sites 6. Mayaki village

7. Lutsk city, Hnidavska St
8. Lutsk city, Myslyvska St

Figure 1 - Schematic representation of the investigated areas of heavy metal content in the water
of the Styr River

The hydrological network of Lutsk is directly formed by the Styr River. Its
water quality is influenced by tributaries - the Sapalaivka, Omelyanyk, Zhyduvka,
and Chornoguzka rivers.

The Chornoguzka river is the largest right-bank tributary of the Styr River,
flowing into it at a distance of 320 km from the mouth. Although the Chornoguzka
River does not flow through the city, the deterioration of the river's condition is due
to the influence of urbanization. The river is most polluted by industrial enterprises,
in particular, "Hnidavsky Sugar Plant". The river's headwaters are located near the
village of Lyniv, Lokachynsky community. The river carries its waters from west to
east. The floodplain is 0.7 km wide. The channel is meandering. Its width is from
2 to 5 m. The slopes of the valley in the upper and lower parts of the river, where
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it flows onto the low terraces of the Styr river, are steep, in the middle part — steep
(Zabokrytska and Khilchevskyi, 2016).

The Sapalaivka river is a right-bank tributary of the Styr, flows into it at a distance
of 302 km from the mouth. The source is in the village of Garazdzha. To the city of
Lutsk it carries its waters through the Teremnivskyi micro district. On this section
are located Teremnivskyi ponds. The length of the river is 12.4 km, within Lutsk -
8.3 km. The catchment area is 39.2 km?. The width of the floodplain is 1 km. The
width of the channel is 2 m. The Sapalivka valley is swampy in places. In Lutsk,
the Sapalaivka channel is cleared and canalized. Parks and gardens within the basin
are not a significant factor in the formation of the hydrological regime. Due to
the discharge of untreated surface runoff from the city territory, the river makes a
depressing impression. However, in the past, the Sapalaivka was a fairly full-flowing
river. The Omelyanyk River is a right-bank tributary of the Styr River. The Omelyanyk
River basin is located within the village. Velyky Omelyanyk and Volodymyrska,
Kovelska, Chernyshevsky, Zarichna streets. It flows into the Styr river from the side
of Shevchenko street. The length of the main riverbed is 12.5 km, within Lutsk - 3.5
km. The basin area is 40 km?. The river's tributary flow is regulated by ponds. The
river is used for recreation (Zabokrytska and Khilchevskyi, 2016).

The Zhyduvka river is a left-bank tributary of the Styr river. It has a length of 4
km, the basin area is 9.5 km?. The Zhyduvka river originates west of Lvivska street,
flows next to "Bearing Plant", crossing Potebni street, merges into the Styr river
(Zabokrytska and Khilchevskyi, 2016).

The sampling process was influenced by physicochemical and climatic factors:
overgrowth of the coastal zone, silting of the river, the presence of fast currents in
some places, high air temperature (hot summer), swampy banks, bank landslides,
lack of exits and access to the coastal zone, high water mineralization, the presence
of an unpleasant odor from the water, the concentration of wastewater and water
stagnation in floodplains.

Results. After analyzing the content of heavy metals in water at 8 studied sites at
different times of the year, it became necessary to study the patterns of accumulation
of heavy metals in the water of a river flowing within the boundaries of a large city.

For assessing the level of abnormality of chemical elements, we determined
the concentration factor (K) (Table 1), which characterizes the excess of the
actual content of a chemical substance compared to its maximum permissible
concentration.

Table 1 - Heavy metal concentrations in the ecotopes of the Styr River and its tributaries

Concentration coefficients of chemical elements Kc at the research sites'
vt 2 | 3 | 4 [ s | 6 | 7 | 8
Exceedance of the maximum permissible concentration in soil, times
Cu 0.19 0.26 0.24 0.25 0.21 0.17 1.21 0.15
Cd 0.30 0.31 0.25 0.23 0.08 0.27 1.03 1.14
Zn 0.10 0.19 0.19 0.23 0.26 0.25 0.22 0.25
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Pb 0.26 0.30 0.27 0.30 0.30 0.29 0.14 0.23
Cr 0.25 0.27 0.26 0.26 0.27 0.17 0.11 0.06
Co 0.65 0.70 0.64 0.62 0.56 0.52 0.04 0.03
Mn 0.09 0.16 0.17 0.18 0.14 0.10 0.12 0.14
Ni 2.52 2.51 2.61 2.96 1.70 1.49 1.67 0.85
Total soil

pollution 4.35 4.71 4.63 5.02 3.51 3.25 4.54 2.87
index Zc

Soil pollution | 5 | 050 | 058 | 063 | 044 | 041 | 057 | 036
index P/

Exceedance of the maximum permissible concentration in water, times

Cu* 0.002 0.002 0.002 0.002 0.003 0.003 0.012 0.007
Cd* 3.00 2.00 2.00 2.00 1.60 3.00 2.70 2.50
Zn* 0.006 0.006 0.004 0.007 0.015 0.009 0.019 0.006
Pb* 0.83 0.97 0.90 0.87 1.10 1.07 1.07 1.07
Cr* 0.08 0.10 0.04 0.08 0.02 0.06 0.06 0.04
Co* 0.10 0.10 0.09 0.08 0.12 0.12 0.08 0.08
Mn* 0.36 2.19 0.50 0.46 0.97 0.22 3.19 3.08
Ni* 0.36 0.32 0.31 0.20 0.31 0.31 0.27 0.26
Sr* 0.03 0.03 0.02 0.05 0.03 0.03 0.03 0.04
Total soil

pollution 4.77 5.72 3.86 3.74 4.17 4.82 7.43 7.08
index Zc

Soil pollution | 45 064 | 043 | 042 | 046 | 054 | 083 0.79
index P/

Conventions. '"Numerical numbering of plots: 1 - Boratyn village; 2 — Rovantsi village; 3 - central
city beach, Lutsk; 4 - Luteranska street area, Lutsk; 5 — Lyplyany village; 6 - Knyahynynok
village; 7 - Hnidavske marsh, Lutsk; 8 - Teremnivski ponds, Lutsk. * - data relate to the aquatic
environment.

Soil pollution by heavy metals is mainly controlled by 3 elements of the first
toxicity class (lead, cadmium, zinc) and 4 metals of the second toxicity class
(nickel, chromium, cobalt, copper). The soils of the coastal zone of the Styr River
and its tributaries exceed the MPCs for nickel, copper and cadmium (Popovych et
al., 2021). Nickel is a hazard class II element, characterized by high biochemical
activity, carcinogenicity and moderate toxicity. In almost all areas, except for
Teremnivski ponds (site No. 8), its content exceeds the MPC (Table 1).

Copper (Cu) is a relatively common, vital, and moderately toxic base metal.
Copper can migrate through the soil and accumulate at considerable depths. High
copper content in soils is observed at Site 7 (Hnidavske bog).

Cadmium is highly mobile in soil and has the ability to accumulate in living
organisms. Large amounts of cadmium are found in fuel oil, diesel fuel, paints,
varnishes, and industrial wastewater. Even at low doses in the environment, it can
accumulate throughout a person's life. Cadmium has a low rate of elimination from
living organisms, causes metabolic disorders, and reduces the body's ability to resist
diseases. Part of the lead and cadmium from the soil is transferred to plants (fodder
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crops) through the roots. The cadmium content in the soil exceeds the maximum
permissible concentration at sites No. 7 (Hnidavske bog) and No. 8 (Teremnivski
ponds).

For most heavy metals (Cu, Zn, Cr, Co, Ni, Sr), the content in the water of the Styr
River and its tributaries does not exceed the maximum permissible concentrations
(Table 1). The exceptions are lead, cadmium and manganese.

According to the total pollution index Zc (Table 1), which is equal to the sum
of the concentration coefficients of chemical elements Kc, the ecotopes of the
Styr River and its tributaries are characterized by an acceptable level of pollution
(Zc<16). At all sites, the soil and water pollution index P/ is less than one. At the
same time, the results of the calculations presented in Table 1 make it possible to
see the shortcomings of these indicators. For example, for site No. 7 (Hnidavske
bog, Lutsk), where the maximum permissible concentration of three chemical
elements (Cu, Cd, Ni) was exceeded, and sites No. 1-3 (Boratyn village, Rovantsi
village, and central city beach, Lutsk), where only Ni exceeds the MPC, the values
of the total pollution index Zc are almost the same. Site No. 8 (Teremnivski Ponds,
Lutsk) has the lowest total soil pollution (Zc=2.87 mg/dm?) and at the same time
one of the highest total water pollution values (Zc=7.08 mg/dm?). Water and soil
pollution indicators do not take into account the hazard class of chemical elements.

For an integrated assessment of heavy metal pollution in the ecotopes of the
Styr River and its tributaries, it is first of all necessary to take into account the
relationships between the concentrations of chemical elements (Table 2). Despite
the fact that the quality of water and soils in the coastal zone is largely formed
under the influence of surface runoff from agricultural or urbanized areas, there is a
weak relationship between the concentration of the same chemical element in soils
and water. Only Cu has a correlation coefficient of r=0.84. The results of the studies
also revealed that heavy metals are characterized by certain features of presence in
soil and water. (Table 2). There is a high positive correlation between the pairs of
chemical elements Pb-Cr, Pb-Co, Cr-Co, Cr-Ni, Co-Ni in soils, Cu-Mn in water.

Table 2 - Relationship between heavy metal concentrations in the ecotopes of the Styr River and
its tributaries

Binary Correlation | Binary system Correlation Binary Correlation

system coefficient, r coefficient, r system coefficient, r
Cu-Cu* 0.84 Cu-Zn* 0.76 Pb-Cu* -0.94
Cd-Cd* 0.39 Cd-Pb -0.83 Cr-Co 0.94
Zn-Zn* 0.35 Cd-Cr -0.91 Cr-Ni 0.83
Pb-Pb* -0.28 Cd-Co -0.94 Cr-Cu* -0.80
Cr-Cr* 0.26 Cd-Cu* 0.86 Co-Ni 0.77
Co-Co* 0.48 Cd-Mn* 0.86 Co-Cu* -0.92
Mn-Mn* 0.05 Zn-Pb* 0.77 Mn-Cd* -0.80
Ni-Ni* 0.01 Pb-Cr 0.71 Ni-Pb* -0.85
Cu-Pb -0.85 Pb-Co 0.82 Cu*-Mn* 0.80

Conventions: * — data refer to the aquatic environment.
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The idea of our further calculations was to perform mathematical modeling
of the location structure of the ecotopes of the Styr River and its tributaries in
the hyperspace of signs of heavy metal concentration in soils and water. Since it
is impossible to visually recognize the structure in a multidimensional space, the
main attention was paid to the methods of multidimensional ordination (Skrobala
et al., 2020, 2022).

The statistical parameters of heavy metal content in the ecotopes of the Styr
River for further calculations of z, are given in Table 3.

Table 3 - Statistical parameters of heavy metal content in the ecotopes of the Styr River

Chemical Arithmetic Standard Chemical Arithmetic Standard
element mean, mg/kg | deviation, mg/kg | element mean, mg/kg | deviation, mg/kg

Cu 1.00 1.07 Cu* 0.0041 0.0036
Cd 1.35 1.20 Cd* 0.0024 0.0005
Zn 4.86 1.25 Zn* 0.0090 0.0052
Pb 8.39 1.70 Pb* 0.0295 0.0032
Cr 1.24 0.50 Cr* 0.0030 0.0013
Co 2.35 1.37 Co* 0.0096 0.0017
Mn 206.19 48.61 Mn* 0.1371 0.1253
Ni 8.16 2.86 Ni* 0.0292 0.0048

- - - Sr* 0.2270 0.0615

Conventions: * — data refer to the aquatic environment.

The main regularity of the formation of the quality of ecotopes of the Styr River
and its tributaries (the first principal component of Factor, ) is the following structure
of relationships between chemical elements (Fig. 2): as the concentration of Cu*
(correlation coefficient r=0.97), Mn* (r=0.81), Pb* (r=0.66) and Zn* (r=0.90) in
water increases, the concentrations of Cd (r=0.90), Cu (r=0.68) in soil increase, and
the concentrations of Co (r=-0.98), Cr (r=-0.91), Pb (r=-0.85) and Ni (r=-0.75) in
soil decrease.

0.5

0.0

Factor 2 : 17.47%

-0.5

-1.0

-1.0 -0.5 0.0 0.5 1.0
Factor 1 : 44.25% a)
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Figure 2 - Results of the Principle Component Analysis of the main components of heavy metal
content in water and soils of the coastal zone of the Styr River and its tributaries
Conventions: Factor, , - main components, complex environmental gradients; numerical
numbering of the plots is given in Table 1; * - data refer to the aquatic environment

Discussion. Thus, low values of the first principal component Factor are
characterized by sites No. 1 (Boratyn village) and No. 3 (Fig. 3), which are
distinguished by low average values of the concentration coefficients K¢ of heavy
metals Cu*, Mn*, Pb* in water, Cu in soil, and relatively high levels of Ni and Co
concentration (Table 1). The maximum values of the first principal component are
distinguished by sites No. 7 and No. 8, where high values of the K¢ concentration
coefficients for Cd*, Pb* in water, and Cd and Cu in soil were reported.
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Figure 3 - Dendrogram of similarity of chemical elements (a) and sites (b) based on the
distribution of pollutants in the water and soil of the coastal zone of the Styr River and its
tributaries. Conventions: the numbering of the sites is given in Table 1; * - data refer to the aquatic
environment.

The second axis of maximum variation, Factor2, additionally explains 17.5 %
of the total variance of the data. The value of the Factor2 function mainly depends
on the content of Zn (r=0.87), Mn (r=0.57) in soil, Cd* (r=-0.71) and Ni* (r=-0.54)
in water. The minimum values of the Factor2 function are characterized by site No.
1 (Boratyn village), which is characterized by the lowest concentrations of Zn and
Mn in the soil and higher concentrations of Cd* and Ni* in water compared to other
sites. The maximum value of the second principal component is observed at site No.
5 (Lyplyany village), which is characterized by the opposite trend in the content of
these chemical elements. The third axis of maximum variation of Factor3, which
additionally explains 16.4 % of the total variance of the data, mainly depends on the
content of Co* (r=0.86), Ni* (r=0.65), Pb* (r=0.52) in water, Mn (r=-0.67) and Ni
(r=-0.52) in soil. The maximum values of the Factor3 function are characterized by
sites No. 6 (Knyahynynok village) and No. 5 (Lyplyany village), and the minimum
values are characterized by site No. 4 (Lutheranska street, Lutsk).

We assessed the similarity of sites and chemical elements by their location in
the coordinate system of complex environmental gradients (Fig. 2, a, b) based on
cluster analysis. We used the Ward's method, in which the minimum variance is
optimized within the clusters, and as a result, clusters of approximately the same
size are created. The Euclidean distances were used as a measure of differences.
The main result of the hierarchical cluster analysis is a dendrogram (Fig. 3, a, b).

Statistical processing of data on the content of heavy metals in environmental
components, in particular in reservoirs, was carried out by a number of scientists.
Among such scientific studies, one should note the scientific work (Loska and
Wiechuta, 2003), where principal component analysis (PCA) was used to assess
the sources of water pollution. PCA allows you to reduce the data and description
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of a given multivariate system using a small number of new variables. Also, in the
work (Sojka et al., 2019), cluster analysis (CA) was used to determine similarities
and differences between sampling sites in terms of TM concentration. Note that the
scientist Varol, 2013 applied cluster analysis, which grouped ten sampling sites into
three clusters. Clusters 1 and 2, as well as cluster 3, corresponded to regions with
relatively low and moderate pollution, respectively. According to Garcia-Ordiales
etal., 2016, PCA revealed that the silty fraction is the main carrier of metals (oides)
in the sediments. Among the potentially harmful elements is a group (Al, Cr, Cu,
Fe, Mn, Ni, and Zn) that cannot be strictly related to mining activities, since their
concentrations depend on the lithological and edaphological characteristics of the
materials.

Based on the correlation of heavy metal content and complex environmental
gradients (Fig. 1, a), the following associations (groups) of chemical elements can
be distinguished (Fig. 3, a):

I - Cu, Cd in soils, Cu*, Zn*, Mn* in water;

II - Zn in soils, Pb* and Sr* in water;

III - Pb, Cr, Co, Ni in soils;

IV - Cd*, Cr*, Co*, Ni* in water.

The closest in terms of location in the hyperspace of complex environmental
gradients are Cr and Co (Euclidean distance 0.34), Cd and Cu* (Euclidean distance
0.52), Cd and Mn* (Euclidean distance 0.53) (Fig. 3, a).

According to the location of the sections of the Styr River and its tributaries on
the axes of complex environmental gradients (Fig. 1, b), the following groups can
be distinguished (Fig. 3, b):

I - Boratyn, Rovantsi, central city beach (Lutsk), Lutheranska street (Lutsk);

II - Lyplyany, Knyahynynok;

IIT - Hnidavske bog (Lutsk), Teremnivski ponds (Lutsk).

The results of gradient analysis and clustering of settlements on the axes of
complex environmental gradients are consistent with the results of our previous
studies based only on water pollution indicators (Popovych et al., 2025).

The most distant in the hyperspace of complex environmental gradients by the
content of heavy metals (Fig. 3, b) are sites No. 4 and No. 7 (Euclidean distance
7.91), sites No. 1 and No. 7 (Euclidean distance 7.86), and sites No. 3 and No.
7 (Euclidean distance 7.72). Site No. 7 is the most distant from the center of
coordinates, while site No. 6 is the least distant (Fig. 3, b). According to the set of
chemical parameters of the environment, site 7 is the most unique. It has the highest
content of Cu and Cd in the soil, Pb* and Mn* in the water.

The results of studies of the content of heavy metals in the hydrographic
network of the river within the boundaries of the large city showed that their
highest concentration is observed in reservoirs with stagnant water. This situation
is associated with low water productivity in the reservoir, silting of the banks,
overgrowth of coastal aquatic vegetation, falling leaves into the water, and a low
level of natural self-purification.
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Conclusions. The growing anthropogenic load significantly affects the surface
waters of the Volyn region. There have been changes in the salt composition and
quality of river waters of the region. Acidification of surface waters has increased,
as a result, atmospheric air pollution from localized sources, urbanized areas
(poorly treated and stormwater, the specific weight of which is approximately
60% of the total mass of pollution), a third of pollution comes from agricultural
landscapes (biocides, biogenic compounds, organic matter). The most dangerous
sporadic cases of accidental pollution of the river network are observed in the
autumn-winter period by wastewater from sugar factories. As a result of the
entry of saponin glycoside (contained in sugar production waste) into the aquatic
environment, a glycolytic effect is exerted on the erythrocytes of fish blood at a
dilution of 1:1000000. As a result, the fish die and do not reproduce. In the future, it
is necessary to prevent uncontrolled discharges of wastewater from sugar factories
and other industrial enterprises. Water pollution of the Styr River causes not only
the death of biota, but also negatively affects the aesthetics of the environment.

Having conducted a study of the content of heavy metals in the river of a large
city and its tributaries, we came to the conclusion that stationary sources are not the
main water pollutants. Non-stationary sources and discharge of untreated water are
a significant factor in the entry of heavy metals into water. In our work, we have
established the patterns of distribution of heavy metals by groups. The statistical
distribution of heavy metals, which are most common in the hydrographic network
of the river and its tributaries within the city of Lutsk, has been determined.
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