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3ACTOCYBAHHS CTATUCTUYHUX METOAIB AHAJI3Y BAPIALIN
KOHLEHTPALIIA BAYXKMX METAJ1IB Y NOBEPXHEBUX BOAAX

3abpyaHeHHA BOAHMX €KOCUCTEM BaXKKUMU MeTaJlaMM € OAHIEl0 3
KJIOYOBUX EKONOriYHUX npob6neM, OCKiNbKM Ui eneMeHTM MawTb
TOKCUYHUM BNJIUB Ha BOAHI OPraHiaMu Ta MOXXYTb HaKOMUW4YyBaTUCS B
Xap4yoBUX JNaHUKOrax, HeraTMBHO BMJIMBAlOMU HA 3[0POB’A JIIOAUHM.
MeTolo npeacraBneHunx pgocnigxeHb 6yB aHanis BMiCTy BaXKKMX MeTaniB
(Mn, Cr, Cu, Cd, Pb Ta Zn) y Boami piuku CTup 3a ponomMoroio
6aratopaKTOpHMX CTaTUCTUYHUX METOAIB ANA iaeHTUPiKaLii MOXXNUBUX
AXepen 3abpyaHeHHA Ta BM3HA4YeHHA MiHAMBOCTI iX KOHLEHTpaUiW.
Piuka CTup 3a3Hae aHTPONOreHHe HaBaHTAXXEHHSA, BKJIOYAKUM AiNAHKY
piukm B 30HIi BnAuMBy PiBHEHCbKOI aTOMHOI eNeKTpPOoCTaHLUii.
HocnipkeHHsa npoBoaunM 3a BMICTOM Ba)XKuUX MmeTanis y Boai p. Ctup
nporaroM 2023 p. [laHi nNpo KOHUEHTPaLWild BaXKUX MeTaniB
OTPMMYBaZIM Ha MiAcTaBi aHaNiTUYHOro CTaHAAPTM30BAaHOro MeToAy
ONTUYHOI eMiCiuHOI cneKTpocKonii 3 IHAYKTMBHO 3B'SAI3aHOK0 MJ1a3MOK.
CTaTMCTMYHMI aHani3 Bapiauin BMICTY Ba)XXKMX MeTaniB y BOAi PiuYKK
CTup BUABUB KOJIMBAaHHSA KOHLUEHTPaUii eneMeHTiB, 30KpeMa Mn, Zn Ta
Cu, wWo BKa3sye Ha BMJIMB 30BHilIHIX YMHHMUKIB i 3MiHYy mKepen
3abpyaHeHHa npotaroM poKy. Hawnbinbw crabinbHuMu 6Gynm
KoHueHTpauii Cd, wo cBiguMTbL Npo noctinHe MKepeno 3abpyAHEHHS.
KopensuinHmin aHanis nokasaB cepefHi0 NO3MTUBHY Kopensauilo MiX
Mn, Pb i Zn, a Takox Mix Cu, Cd i Cr, wo BKa3ye Ha cninbHi pkepena ix
HapXxomXeHHs. AHani3 roNoBHUX KOMNOHEHTIB NiATBEPAMUB Li BUCHOBKM,
BMOKPEeMMBLUM ABi rpynu MeTaniB 3 NoAibHMMU XapaKTepUCTUKaMMU.
Ce30HHi KONIMBAHHA KOHLEHTPaUii noKasanu, wo Mn i Zn 6ynu suwmmMn
3umMoro, a Cu — HaBecHi Ta BRiTKy.

MpeactaBneHe AocnimKeHHA BaXKnuBe ONA PO3YMiHHA mKepen
HaAXOMXKEHHS Ta NOBeAIHKU BAaXXKUX MeTasliB y BOAHUX €KOCUCTEeMaX,
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WO € aKTyanbHOKW npo6nemMolo AN OXOPOHU AOBKINAA Ta 340pOB'A
HaceJIeHHA.

Knw4oBi cnoBa: BakKi MeTanu; noBepxHeBi BOAW; OMTUYHA
eMicilHa cneKTpocKonif; KopenAuiMHMWA aHani3; aHanis ros0BHUX
KOMIOHEHTIB.

Bctyn. Bucokun piseHb Baxkux metanis (BM) y Boai Moxke MaTu
Cepno3Hi Hacnigknm pans MicueBux 6iOUEHO3IB Ta HaceneHHs, siKe
BWUKOPMCTOBYE BOAY PiYKM AN NUTHMX Ta nobyToBmx noTpeb. BigcyTHicTb
cucteMaTuyHol iHdopMauil NPo KOHUEeHTpauil BaXkKiB MeTanis y Bogi p.
Ctmp MoXe ycknagHwBaTM po3pobKy edeKTMBHUX 3axopiB  nns
3HMXKEHHS piBHSA TX 3abpyaHeHHs. Y ubOoMy AOCANIAXEHHI BMKOPUCTAHO
MeToau KopenauinHoro aHanidy [1] Ta aHanisy rofioBHUX KOMMOHEHTIB
(Principal Component Analysis, PCA) [2]. PCA € cTaTUCTUUYHUM MeTOaO0M,
KU BUKOPUCTOBYETbCSA O/ 3HMIKEHHS PO3MIPHOCTI [aHMX LUAAXOM
NepeTBOPEHHS OPUriHAaNbHUX 3MiHHUX Y HOBMW Habip 3MiHHUX, SKi
Ha3MBaKTbCA rofIoBHUMKU KoMnoHeHTamu (Principal Component, PCi). Li
KOMMOHEHTU € NiHIMHUMN  KOMOiIHALiAMW  BUXIOHUX  3MIHHUX i
NpeacTaBnsAlTb OCHOBHI HanpaMu Bapiauil gaHux. Metog PCA BBaXkae
PCi HanpsaMKu, siKi NOSICHIOWTb Hambinblwy 4YacTUHY Bapiauil B JaHWX.
Mepwwuin ronosHu kKomnoHeHT (PC1) € HanpaAMOM, WO MOACHIOE
HaWbinblWy Aucnepcilo AaHWX, APYrMiA ronoBHUIM KomnoHeHT (PC2) -
HanbinbWwy Aucnepciio, WO 3anuwuiacsa nicns BpaxyBaHHS NepLuoro
KOMMOHEHTa, i Tak gani. BaxxnnuBoto 0cobauBICTIO € Te, WO Lii KOMNOHEHTH
€ OPTOrOHaNIbHUMK, TOOTO BOHM HE KOpentoTb MiX coboto Ta A03BONSE
OocniguTn Bapiauil KOHUEHTpauin, BU3HAYUTM CTYNiHb 3B'A3KYy MiX
KOHUEHTpauisMm MeTaniB Ta iAeHTUdiKyBaTM MOXKIUBI piKepena Ix
HagxomkeHHs. Lle cnpuaTuMe 6inbw TOYHOMY BM3HAYEHHIO OCHOBHMX
¢daKTopiB, WO BNAMBAOTbL Ha Bapiauil KoHueHTpauin BM Tta po3pobui
edbeKTUBHMX 3axofiB AN MOKpalleHHa skocTi Bogum B piuui Ctump.
AKTyanbHiCTb  UbOro  [OCHIAXKEHHS CnpsAMOBaHa HAa  BUSIBNIEHHS
3aKoHOMipHOCTEN ¢OpMyBaHHS KOHUeHTpauin BM y npupogHux Bopax
Ona po3pobkn ePpeKTUBHUX CTpaTerin ynpaBniHHA BOOHUMU pecypcamu.
HocnigpkeHHa cnpsiMOBaHe HAa BWPIWEHHS aKTyaslbHUX HAYyKOBMX
3aBOaHb, 30KpeMa BCTAHOBJIEHHS B3aEMO3B'SA3KIB MiXX KOHLEHTpaLiaMu
BAa)>XKMX MeTaniB y BoAi Ta igeHTudiKauilo [xepen 3abpyaHeHHS.
MpaKTUYHiI 3aBOaHHA OOCNIOXEHHS BK/OYAOTh BM3HAYEHHS OCHOBHMX
dakTopiB, Wo 06yMOB/IOOTL Bapialil BMICTY Ba)XKUX MeTaniB y pivyKoBin
BOA,.

4



BicHuk
HYBI'M

AHanis ocrtaHHix pocnimkeHb i ny6nikauin. BigoMi cyuvacHi
OOCNIOXKEHHA NPUCBAYEHO BMBYEHHIO Bapiali BMICTY BaXKKUX MeTaniB y
BOOHMX O0O0'€eKTax 3a [OONOMOrow CTAaTUCTUYHUX MeToAdiB. 30KpeMa,
OUiHIOITbLCA piBHI 3abpyaHeHHA BaXKKumu Metanamu [3], aHanisyoTbea
MPOCTOPOBUIN PO3MOAIN BaXXKUX MeTanis [4], NpoBoAATbCA BU3HAYEHHS
mxepen 3abpyoHeHHs Baxkumu Metanamu [5]. Cepen BiTUM3HAHMX
OOCNIOHWUKIB 3aCNyroBy€e Ha yBary MaTeMaTuyHe MOAE/NOBaHHS NepeHocy
3abpyaHeHb Ba)XKuMx MeTaniB [6-12]. He3Bakalum Ha HasBHI
DOCNIOXKEHHS, NpucBsiYeHi 3abpyoHEHHK BOAHUX O6'EKTIB BaXXKUMMU
MeTaslaMu, 3aN1LLATbCA HEBUPILLEHMMM KiNbKa KKOYOBUX aCMNeKTIB, L0
noTpebyoTb [eTanbHIWoro BUBYEHHS. BigcyTHICTb KOMMAEKCHOro
aHani3y Ce30HHUX KONMBAHb KOHUEHTPaUin BaXKMX MeTaniB MoXe
CTBOPIOBATU MPOrasMHy B PO3YMiHHI OMHAMIKK 1X po3noginy NpoTsroM
poKy. TakoX, HeOCTaTHbO BUBYEHO BMJIMB Pi3HUX OyKepesn 3abpyaHeHHs
Ha KOHLEHTpaLil BaXXKMx MeTaniB y BoAi piykn. Xo4a 3aranbHOBIAOMO, LLO
NPOMUCNOBI BUKUOM Ta CiNbCbKOrocnofgapcbka AiANIbHICTb € OCHOBHUMMU
OXXepenaMu HaOxoOXXEeHHS BaXXKMX MeTaniB [0 MNOBEPXHEBUX BOA,
OeTaNbHMA aHani3 IXHbOro BHECKY 3alIMWAETbCA HEMNOBHUM. ICHYE
notpeba B OiNblWw [eTanbHOMY BUBYEHHI KOpensuin MiXK pi3HUMMU
BAa>XKMMW MeTanamMu Ona BUSBNEHHS CNiNbHUX AXepes Ta MexaHi3MiB 1X
HaOXOOXKEHHs y BOAHI ekocucteMu. KpiM Toro, BigoMi OoCNigXKeHHSN
4acTO He BPAxXOBYKTb MOXJIMBI KOMMNMEKCHI BNAMBU GaKTOPIB, WO MOXe
NPU3BOAUTM [0 HETOYHOCTEeM Yy MPOrHO3ax Ta OUiHKAX €eKOoJoriyHoro
CTaHy BOOOMM.

MeTta i 3aBaaHHA pocnimkeHHA. [locnig)XeHHs cnpsiMOBaHe Ha
npoBefeHHS KOMMJIEKCHOr0 aHahnidy Ce30HHMX 3MiH KOHUEeHTpauin
BA)XKUX MeTaniB, BUABJIEHHS OCHOBHUX [XKepen X HaAXOOXKEHHS Ta
BWU3HAUYEHHS KOpensuinHuX 3B'a3KiB MiXK BMICTOM Ba)XKux meTanie. byno
3aCTOCOBAHO MOEAHAHHA KopensuinHoro aHanisy T1a PCA pns
BW3HAYEHHS Bapialin BMIiCTy Ba)KKMX MeTaniB Ta Ix 3B'A3KiB Mix coboto, B
YMOBaXx Pi3HUX CE30HHUX 3MiH AN OUiHKM CTaHYy NOBEPXHEBUX BOA PiUKM
Ctup.

MeTa gocnigxeHHAa — aHanis BMicTy Baxkux Metanis (Mn, Cr, Cu,
Cd, Pb ta Zn) y Bogi piuku Ctup 3a gonomoroto KopensuiiHoro ta PCA
MeToniB Ansa igeHTMdikauil MOXNMBMX [xXepen 3abpyoHeHHs Ta
BWU3HAYEHHS MIHAMBOCTI X KOHUEeHTpauin. [Ons [ocsirHeHHs MeTu
NPOBOAMNOCH BU3HAYEHHS KOHLEHTPALiM AOCNIAXKYBAaHMX MeTaniB y BOAi
PiYKN 3 BUMKOPWUCTAHHAM MeTody ONTMYHOI eMiCiMHOI cneKTpockonii, a
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TAaKOX aHani3 npoCcTOpPOBOI MIHAMBOCTI BUSABJIEHMX MOKA3HMUKIB.
MeToposioriyHe 3Ha4yYeHHSA [OOCHIOXEHHA TMONArae B MOEAHAHHI
CTAaTUCTUYHUX MeToAIB ANna 06pobkn Habopy paKTUUHUX [AHUX NPO BMICT
BM y noBepxHeBux Boaax.

[Ona pocarHeHHa MeTu 6ynu nocTaBfieHi 3aBAaHHS, WO BKAYanu
OUiHKY piBHA 3abpygHeHHs piykoBoi BoauM BM 3 ypaxyBaHHaM
QHTPONOreHHOro HaBAHTAXXEHHS, 30KpeMa B 30Hi BnNAuBYy PiBHEHCbKOT
atoMHoi  enektpoctaHuil (PAEC). Takox 3aBaaHHA  BKJOYanu
npoBefeHHs ineHTUdiKaLil OCHOBHUX axepen 3abpyaHeHHs piykm BM Ta
OOCNIOXKEHHA Ce30HHOI MIHAMBOCTI X KOHUeHTpauin. BignoeigHo
3aBAaHb, 0Oynu BMBYEHI [WMHAMIYHI 3MiHM KOHUeHTpauin BM Ta
npoeBefeHUM aHanisa ¢&akTopiB, AKi  CNPUSAKOTb HaKoMu4yeHH abo
3MeHWweHH BMicTy BM y neBHi ce3oHn. Peanizauis umx 3aBAaHb
nepepnbavyana HWU3KY MNPOMIXKHMX eTaniB BMKOHAHHS [OCHIOXEHHS,
BKJIlOYAtouM Bigbip npob BoAW, NpPOBeAEeHHA aHaNITUYHMX LOCAIAXEeHb
MEeToOO0M CcrneKTpockonil, 0B6pobKy OTpMMaHUX [aHUX 3a [ONOMOrok
Cy4YaCHMX CTAaTUCTUYHUX MeToAiB, 30KPEMA pPO3PaxyHOK CepepHix
3HaYeHb, CTAHOAPTHMX BiaXuneHb, KoediUieHTIB  Kopensuil Ta
Bi3yani3zauito pe3ynbTariB.

HaykoBi nigxogn Ta MeTogMKa LbOro AOCAIAXEHHS MOXYTb 6yTn
NOLIMPEHI | Ha iHWI piYKWN.

06’eKkT pocnimkeHHA. [pouecn ce30HHMX 3MiH KOHUeHTpauin BM
(Mn, Cr, Cu, Cd, Pb, Zn) y noBepxHeBux Bogaax piuku CTup Ha AinaHui
BNAMBY CKmAiB 3annwkosux sog PAEC.

Mpeamet pocnimxeHHs. Bapiauii koHueHTpauin BM (Mn, Cr, Cu, Cd,
Pb, Zn) y Bogi piuku CTup, X B3aEMO3B'A3KK, AxKepena 3abpyaHeHHs Ta
Ce30HHa  MiHAMBICTb. YBara  aKUEHTYETbCA HA  BUKOPMUCTAHHI
CTAaTUCTUYHUX METOAiB, TaKUX SK KopenauinHum aHaniz ta PCA, pns
ineHTMdiKauil OCHOBHMX &aKTOpiB BMAMBY Ta BU3HAYEHHA [XKepen
3abpyaHeHHs.

MeTtoau i MeToaMKN nNpoBeaeHHsA AocnimKeHHs. Binbip npob Boau
npoBoaMnu Ha pinaHui piykn Ctmp nicns BogHoro ckuay PiBHeHCbKoOI
aTOMHOI efleKTpUYHoI cTaHuil (puc. 1).
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© micue BigGopy npo6 nokaris: 51.315923, 25.870466

Puc. 1. CxeMaTuuHe 306pa)eHHs QiNSHKM KOHTponto pivykn Ctup

CTaTUCTUYHWUI aHani3 BKAOYaB 064YMCNEHHs cepefHix 3HayYeHb (M),
cTaHgapTHux BiaxuneHb (SD) Ta pianasoHy (min-max) gna KoXHoro 3
metanis. KopenauinHmn aHaniz T1a PCA npoBogunu BignoBigHoO
pekoMeHAauin [14]. TepMiHN «CUNBHUIN», «MOMIPHUIN» | «CNabKuii», WO
3aCTOCOBYHOTbHCS [0 GAKTOPHUX HaBaHTaXEeHb, CTOCYKTbCA 3Ha4eHb
HaBaHTaXkeHHa > 75%, 75-50% i 50-30% signoeigHo. KopenauinHunn
aHani3 BUWKOPUCTOBYBABCS [J19 BU3HAYEHHS CTYyNeHs 3B'A3KY MiX
KOHUEHTpauismMum pisHux Metanis. Cunay niHiMHOro 3B'AA3KYy MiXK OBOMa
3MiHHMMK BCTaHOBOBANN 3a KoedilieHToM Kopensauii MipcoHa (r) [15], 3
HacTynHot rpagauieto: B aianasoHi 0,1 < r < 0,1 — 3B'930K MiXXK 3MiHHUMMU
ny»e cnabkum abo BigcyTHin; ry pianasoHi Big 0,3 go 0,5 abo Big -0,3 o
-0,5 - cepegHs no3uMTMBHa abo HeraTMBHA Kopensuia BiANOBIAHO; I Y
pianasoHi Big 0,5 po 0,7 abo Big -0,5 po -0,7 — cunbHa No3nTMBHA abo
HeraTMBHa Kopensuia BignosigHo; r y AaianasoHi Big 0,7 po 1,0 abo Big -
0,7 po -1,0 — cunbHa no3nTnuBHa abo HeraTMBHa Kopensauis BiANOBIAHO.
Ons crtatnctnyHoi obpobku, KopensauinHoro aHanizy ta PCA 6yno
3acTocoBaHe nporpaMHe 3abe3sneyeHHa JASP (Version 0.14.3).

Ons OLepXaHHSA iHbopMauil npo KOHUeHTpauil BM
BUKOPMCTOBYBANN aHaNiTU4YHI 3BiTM aTtecToBaHol nabopatopii ¢inii «BIll
“PiBHeHcbka AEC”», wo 6ynn cdopMoBaHi Ha niacTaBi npoBeneHux
BUMipOBaHb METOAO0M ONTMYHOI €MiCiMHOI cneKTpocKonil 3 iHOYKTUBHO
3B'A3aHo0 nnasmol (puc. 2) 3a cTtaHaapTu3oBaHow MeToaukow [13].
Mpouenypa BMMiptoBaHb nepenbavyana BUKOPUCTAHHA aHANITUYHUX NiHIN
(Hm): Zn (213,857), Cd (226,502), Pb (220,353), Cu (324,754), Mn

7



Cepia «CinbcbKorocnogapcbKi HayKun»
Bunyck 4(108) 2024 p.

(257,610), Cr (267,716). Mpwu nigrotoBui 3paskis Boau Ana aHanisy, soay
dinbTpyBanu yepes MembpaHHi ¢pinbTpm 3 nopamu giametpom 0,45 MKM
ANS BUAANEHHS YaCTUHOK 3aBUCTUX PEYOBWH.

Puc. 2. AtoMHo-eMicinHumn cnektpoMetp ICAP 7400 Duo
(a - npunag, 6 — cucteMa nNpobONiAroTOBKM)

Pesynbtatu pocnimkeHHsa. CTup — piyka Ha MiBHiYHOMY 3axopgi
YKpaiHu, npoTikae B Mexax JlbBiBCbKOI, BonnHcbKol, PiBHEHCbKOT
obnacten, Bnapae B p. MNpun'ate. [JoBXMHA piukN CTaHOBUTb 494 KM;
nnowa 6acenHy - 13100 km? BuUTpaTa BOAM B rMpAi B cepefHbOMY 3a
pik cTaHoBUTb 49,5 M3/c. Y BepxHilt Teuii piuka By3bKa (Big 2-3 M go 10-
20 M), y cepelHin i HWXKHIN — po3wuploeTbca po 30-50 M [16]. 3a
TMNONOriEld noBepxHeBux BoA, pP. CTUp € HM3MHHOW, nilaHo-
CYFNTMHUCTOL, Y XKMUBJIEHHI K0T 6epyTb y4acTb BaMHAKM Ta MepresibHo-
KpenpgsaHi BigknageHHsa [17]. Pycno p. Ctup Ha ginaHui Bogo3abopy PAEC
nomipHo 3BmMBUCTE, 3aBwupwKku 40-60 M, rnmbuHow B MexeHb 0,8-
2,0M, 3 HeBUCOKMMW, npubnusHo 1-3 M OGeperamn. Butpatn Bogm
piukn CTup nig 4ac cnocTepeXeHb Ha FigpoOsIOriYHOMY MOCTY B 30Hi
BogokopucTtyBaHHa PAEC 3MiHoBanuch y gianasoHi Big 10 go 63 M%/c, 3a
cepenHix nokasHukie 27 + 18 m3/c [18].

HocnigXeHHa KoHueHTpauin BM y Boai piukn CTup nokasano pisHi
Aiana3oHun A8 KOXHOro 3 aHanizoBaHux Metanis (tabnuus).
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Tabnuuga

CTaTUCTMYHI NapaMeTpn KOHLEHTPaLin BaXXKnx MeTanis y Bogi
piuku Ctup (2023 p.)

EnemeHT | min* Mkr/gm® | max, mkr/gm® | M, mkr/gm® | SD, mkr/gm®
Zn 2,11 6,55 3,61 1,13
Cd 1,00 1,10 1,02 0,02
Pb 1,00 1,40 1,10 0,05
Cu 5,25 11,50 5,55 1,72
Mn 1,00 12,25 4,11 2,75
Cr 1,00 2,01 1,10 0,25
MpuMiTKa: * — HWXKHSA MeXa BMMIiploBaHHS 3a Metoaukow [13] 6e3 nonepeaHboro

KOHUeHTpyBaHHs cknagae (mkr/gm®): Zn (1,0), Cd (1,0), Pb (1,0), Cu (0,5), Mn (1,0),
Cr (1,0).

KoHueHTpauis Zn BapitoBanacs Big 2,11 mkr/gM® oo 6,55 Mkr/gM3, 3
cepenHiM 3HaveHHAM M = 3,61 Mkr/am® i cTaHOapTHUM BiaxuneHHaMm SD
= 1,13 Mkr/gm3. Cepep Oocnig)XyBaHMX MeTanis, Le BKa3ye Ha BiAHOCHO
3HaYHi KonMBaHHA BMicTy Zn y Bogi pidkn. KoHueHTpauis Cd mana
HaWMeHLWi Bapiauil cepen yCix AOCNIOXKEHMX MeTaniB Ta 3Haxogunacb B
pianasoni Big 1,00 mkr/am® go 1,10 mkr/agm3, M = 1,02 mkr/gm® Ta SD =
0,02 Mkr/gm3. Takuih Manuit gianasoH CBiAYWUTb NPO CTabiNbHUIA piBEHb
Cd y Bogi piukn. KoHueHTpauis Pb konueanacs sig 1,00 mkr/gM® po
1,40 mkr/am3, i3 M = 1,10 mkr/gm® Ta SD = 0,05 Mkr/am3, wo BKasye Ha
gewo 6inbwi KonuBaHHA nopiBHsAHO 3 Cd, ane Bce X Taku, cepen pewwTu
OOCNigXKyBaHUX MeTaniB BOHM Oynu He3HaudHi. KoHueHTpauisa Cu mana
3HaYHO LWMPWWIK p[iana3oH KoOHUeHTpauin - Big 5,25 Mkr/gM® po
11,50 mkr/am3, i3 M = 5,55 mkr/am3 Ta SD = 1,72 mkr/am3. Lle Bkasye Ha
3Ha4yHi KonuBaHHA BMicTy Cu y BoAi pivykn. KoHueHTpauis Mn Mana we
Binbwnii pgiana3oH KonusaHb — Big 1,00 mkr/am® go 12,25 mkr/omd, 3
M = 4,11 mr/gM® 1a SD = 2,75 Mkr/gM3. Takui WNPOKMA Aiana3oH
CBiAYUTb NPO 3HAYHY MIHNUBICTb KOHUEHTpauil Mn. OTXe, KOHUEHTpauis
Cr BapitoBanacs Big 1,00 mkr/gm® go 2,01 mkr/gM3, M = 1,10 mkr/am?3 Ta
SD = 0,25 mkr/gM3. Lle BKa3sye Ha BiQHOCHO CTabiNbHUK, ane BCe X
3MiHHUIM piBeHb Cr y BoAi piykn. TakMM YMHOM, OOCNIOKEHHS BUABUNO,
o KoHueHTpauii BM y Bogi piukun Ctnp MoXKyTb 3Ha4yHO BapitoBaTUCA
3aJIeXKHO Bif MeTasny, 30KpeMa HaWMoMITHILWI KOJIMBAHHS Oynn BUABMEHI
ona Mn, Zn ta Cu, a KONMBaHHSA y BiGHOCHO BY3bKOMY Aiiana3oHi ana Cd.

3a pe3ynbTaTamu NPOBeAEHOr0 KOPENSALUiMHOro aHanisy, Nno3nTMBHa
KOpensuia Mixx KoHUeHTpauiaMu y Bogi piukn CTup BigMiyaeTbcs MixK: Mn
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i3 Pb 1a Zn; Cu i3 Cd ta Cr; Pb i3 Zn ta Cr; Cr ta Cd (puc. 3). MNeBHotw
Mipoto, Lie BKa3ye Ha Te, WO IXHiM BMICT MAE NOAIOHI XapaKTepUCTUKMU
3MiH i MOXKe MaTu Te caMe AXKepeno.

Cu
Koedimient
. Ilipcona
7
0,4
Zn | 035 0,2
| ! 0

[
Pb | 1033 -029 021 20,2

i i -04
cr | 1020 | |034 -0,12 0,27 -06

cd| L0221 0,39

Puc. 3. KopensauiHa maTtpuus lNipcoHa ansa 3MiH KoHueHTpauin BM y sopi
piukn Ctup

KoediuieHTn Kopensauil r Ha PpiBHIi cepedHbol TICHOTM 3B'A3KYy
cnocTepiratoTbCs oS KOHUeHTpauin Mn 3 Pb i Zn Ta ctaHoBnsate 0,33 i
0,35 BignoBigHo, WO BKA3ye Ha Te, wo Mn, Pb, Zn MoXXyTb MaTh ogHakoBy
noBeniHKY Y BOOHOMY 06'€KTI, WO 06yMoBNOOTL Npouec GopMyBaHHS 1X
KoHueHTpauii [19]. AwnanoriyHo, KoediuieHTM Kopensauii r Ha PpiBHi
cepedHbol TicHoTM 3B'A3Ky Cu 3 Cd i Cr ctaHoenate 0,39 i 0,34
BiANOBIQHO, WO TaKoX BKa3sye Ha Te, wo Cu, Cd, Cr MoXxyTb MaTu
OLHAKOBY NoBefiHKYy. HeraTvBHa Kopensuis Ha piBHI cepeaHbol TICHOTK
3s'a3ky (r Big -0,5 mo -0,7) Cu 3 Mn Ta Zn cBiguMTbL npo Te, WO
dopMyBaHHS KoHUeHTpauil Cu Moxke BYyTV NOB'A3aHE 3 IHLWNM OXKEPESIOM,
BiOMiIHHUM Big, mXXepena noxogXeHHsa Mn i Zn.

Pesynbtatn PCA pgna BM y Bogai piukm CTup nokasaHi Ha puc. 4.
OTpvMaHi HaBaHTaXXeHHS Ha roNoBHi KOMMNOHeHTU ansa BM, ceigunTb, wWwo
ABa OCHOBHi kKomnoHeHTM (PC1, PC2) MoxyTb noacHuTM 65,9%
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iHbopMaLil, AKy HecyTb 3arafibHi 3MiHHi. KoMnoHeHT PC1 MoXKe nosicHUTK
41,5% 3aranbHUX 3MiHHKX, @ KOMNOHeHT PC2 Moxe nosacHUTn 24,4%.

l
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@) |
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Puc. 4. T'padik HaBaHTaXKeHHS FONOBHUX KOMMOHEHTIB 3a pe3ynbTatamu PCA
Ons KoHueHTpauin BM y Bogi piukn Ctup

Po3nogin ¢aKTOpHMX HaBaHTaXXeHb MiXK KOHLUEHTPAUIE Ba)XXKuX
MeTaniB y BoAi piYkn BuABNAE ABa GaKTOPW, WO BM3HAYaKTb 3MiHU
KOHueHTpauin BM (puc. 5). BHecok doaktopy 1 6Ginbwe 50%
cnocTepiraetbca gna Cd i Mn T1a Big 20 pno 50% pgna Zn i Cr. BHecok
dakTopy 2 6inbwe 50% cnoctepiraetecs gnsa Cu, Zn, Cr i Pb. OTpuMaHi
3HAYEeHHSa HaBaHTaXkeHHSA ang ronosHUX komnoHeHTiB Cr, Cd Cu Ha PC1
(baktop 1) crtaHoenate 89%, 90% Tta 35% BignoBigHO. 3HA4YeHHs
HaBaHTaXeHHA O roJIOBHUX KOMMNOHEHTIB Mn, Zn, Pb Ha PC2 (pakTop
2) crtaHoBnATb 83%, 74%, 73% signosigHo (puc.6). TakMM UKHOM,
rofioBHU koMnoHeHT PC1 Mae cunbHe NO3UTMBHE HaBaHTaXeHHS Ha Cr i
Cd noMipHe HaBaHTa>keHHs Ha Cu (puc. 4, 6).
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Puc. 6. BHecok ¢akTopiB Ha ronosHi komnoHeHTn PC1, PC2 ona KoHUeHTpauin

BMy Bogi piuku Ctup

0O6roBopeHHA OTpPMMaHUX pe3ynbTaTtiB. Bigomo, WO OCHOBHMMMU
CNibHUMKN JyKepenamnm HagxogykeHHs BM y Boay piuykm € npoMucnosi

CKMOM Ta CiNbCbKe rocnogapcTeo

[20]. 3a pe3ynbTaTaMu Hawworo

pocnigxeHHs, BM MoxyTbe 6yTn noginedi Ha asi rpynu: 1) Cu, Cd, Cr; 2)
Mn, Pb, Zn. Mpu uboMy MoOXHa po3rnagatv gudbepeHuiauito 3a Wwnsaxamm
HAAXOAXXEHHS HA OCHOBI IX MOBEAIHKM, 30KpeMa rigpoxXiMiYHUX npoueciB
Ta cneundivyHmMx pkepen 3abpyaHeHHsa. Baxki metanm Cu, Cd, Cr, wo
BigokpemneHi y PC1 (puc. 4) MoXyTb MaTu pi3Hi O)Xxepena 3abpygHeHHs,
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ane 4acto BOHM MOTPanAsiOTb Yy HABKOJIMWIHE CepefoBuLLe Yepes
NPOMUCNOBI CKUAM | CiNbCbKOrocnoAapcbKy AisNbHICTb. BaXkki MeTanu
Mn, Pb, Zn, wo BigokpemneHi y PC2 (puc. 4) nepeBaxHo nNoTpannaioTb Yy
NoBepXHeBi BOAM TaKOX u4epe3 npomucnosi ckuau. Pesynbtatn PCA
wono AaundepeHuiauil rpyn MeTaniB cniBnagarTb 3 MNO3UTUBHUMMU
Kopensauismmu BM, BussneHumn 3a koediuieHtammn [ipcoHa (puc. 3).
MNoegHytoum pesynbTatM KopensuiMHoro aHanizy ta PCA, oTpuMaHi B
OOCNigXKyBaHiN MoAeni MoXHa NPUNyCTUTU NPO HAsSIBHICTb ABOX O)Kepen
HaAXOOXKEHHS BiANOBIOHUX Fpyn MeTanis.

BussneHi HaBaHTaxkeHHs PCA onsa BaXXKux MeTaniB y BOAI PivKku
Ctup 3a nopamu poky (puc. 4) 0O3BONAKTb OLIHUTU CE30HHY MiHNMBICTb
KOHueHTpauil BM. Bucoki KoHueHTpauil Mn, Zn cnoctepiraioTbca B
3MMOBMIN Mepiod, WO BWAOHO MO CUHIX TOYKaX, SIKIi CKOHUEHTPOBaHiI
61vKYe [0 NpaBoi CTOPOHU rpadika BigHOCHO BekTopiB Mn, Zn (puc. 3).
B3anuMKy, Konu TeMmnepaTypa BOAM 3HAYHO 3HMIXKYETbCH, MOXKe
BiabyBaTnca 3HUXKEHHS BOO00OMIHY Ta KOHUEHTpauis PeyYoBMH MoXKe
30iNblWwyBaTMCA 4Yepe3 MeHLWY aKTUBHICTb PIYKOBOro CTOKY, LLO MOXe
npu3BectTM [0 36iNblleHHA KOHUEeHTpauil Ageskux MeTaniB. Takox
MOXJIMBE HaKonu4yeHHa Mn, Zn y noBepxHeBi BOAI, OCKiNIbKM B3UMKY
MeHlle onafiB i 3MuBy 3abpyaHioBadvie 3 rpyHty [21]. Bwucoki
KoHueHTpauil Cu cnocTepiraloTbCs y BECHAHWW Ta NiTHIA nepiogn, LWo
BWOHO MO MNOMapaH4yeBMX i BNAKUTHUX TOYKAX, AKi CKOHLEHTPOBaHi
61vKYe [0 NiBoi YacTUHKM rpadika siaHocHo BekTopy Cu (puc. 4). Bucoki
KOHueHTpauil Cu HaBeCHi Ta BRITKY MOXyTb 6yTu o06ymoBneHi
AKTUBI3ALIE CiNbCbKOroCcnogapCbKMx pobiT, BMKOPUCTAHHAM MigHUX
nectMumaie Ta [obpuB, SAKi nNoTpannsiTb Yy BOAHI CUCTEMM 4epe3
noeepxHeBun cTik [22]. KpiM Toro, nigsuuieHa TemnepaTtypa BOAW, LIO
npuMTaMaHHa ANs NiTHLOro nepiogy Moxke 36inblyBaTM po34uHHICTL Cu
Ta cnpuaTtu Ginbwin 11 Mobinisauil 3 goHHUX BiaknageHwb [23]. Ons
KoHueHTpauii Cr, Pb Ta Cd He BnactuBi 3HauHi Bapiauii (tabn. 1), ogHak
nesike 36inbweHHA KoHueHTpauil Cr Ta Pb BigMivatoTbcs BoceHun, a Cd
BecHot. OciHHe 36inbweHHs KoHueHTpauil Cr Tta Pb Moxe 6ytu
NoB’'si3aHe 3 PO3KNAAaHHAM OPraHiyHOlI PeYOBUHU, AKA MOXKE BUBIIbHATU
ui Metanu y soay [24]. Kpim Toro, iHTEHCMBHI A0LLi LbOro Ce30HYy MOXYTb
3MUMBATK 3 NOBEPXHi 3eMNi 3abpyaHeHHs, SKi MIiCTATb Pi3Hi eneMeHTn, B
ToMy umcni BM [25]. BecHolo, nicns TaHeHHA CHiry Ta nboay, y Bogy
MOXYTb MOTPANAATM HaKONUYeHi 3a 3uMy 3abpyaHeHHs, Bkntodatoumn Cd,
AKWUA BUBINbHAETLCA BHACILOK MoBepxHeBoro cToky [26]. Binbw ToOro,
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BECHOK aKTMBI3ylTbCA T[PYHTOBI MPOLECH, SAKi  MOXYTb CNpUATU
mo6inisauii Cd y sogy [27].

TaknMm 4YnHOM, pe3ynbTaTU [OOCNIOXKEHHS BUSBUAKM cneundiky
HagxooeHHs BM y Boay piukm Ctup. PCA 0o3BonuB po3ginntu Metanu
Ha AOBi rpynu 3anexHo Bif A)epen i ocobnmBocTen IXHbOro po3noainy.
Ho nepwoi rpynu yeinwnum Cu, Cd ta Cr, sKi MoXyTb 6yTK noB'A3aHi 3
KOMOIHOBaHWM BNANBOM NMPOMUCIOBUX BUKUAIB | CiNbCbKOroCnoaapCbKmx
npouecie, ToAi Ak Ao apyroi — Mn, Pb Ta Zn, wo xapaktepusykTbcs
NepeBa*XHO MNPOMUCIOBUM MOXoOKeHHSAM. Ce30HHUIN XapaKTep 3MiHu
KOHLEHTpaLin TaKoX NpoaeMOHCTPYBAB Pi3Hi Mogeni NoBeAiHKM MeTaniB:
B3MMKY 3POCTaHHS KOHUeHTpauin Mn i Zn 6yno 3yMOBNEHO MOXJIMBUM
3MEeHLWeHHsAM BOA00OMiHY, a BECHAHO-NITHIN nepiog BiA3HAYMBCS
36iNblUEHHAM Cu, L0 MOXHa noe’'asaTu 3 aKTuBi3aLito
CiNnbCbKOrocnoaapcbkmnx pobiT Ha GOHI 3MiH rigponoriYyHNX Ta aKTUBI3auil
rigpobionoriyHnx npoueciB. MNoegHaHHA KopenauinHoro aHanisy ta PCA
NigTBEPAWNO iCHYBAHHA pi3HUX Oxkepen 3abpyaHeHHs NS BUAINEHMX
rpyn MeTaniB Ta Hagano UislicHe PO3yMiHHS IX CE30HHOT AMHAMIKK Y BOAI
piykn Ctump.

BucHoBkKu. Pe3ynbtatm pocnigkeHHa Bapiauin BMicty BM y Bogi
piukn CTMp noKasanuM KOJIMBAHHA  KOHUEHTpAuiM  OOCAiOXKeHMX
eneMeHTIB. KoHueHTpauii Mn, Zn ta Cu BusiBUNnCb Hanbinbw MiHAMBUMMN,
L0 BKA3YE Ha 3HAYHWUW BMJIMB 30BHIWHIX YAHHUKIB Ta MOXJIMBY 3MiHY
oxepen 3abpyAHEHHs NpoTAroM poKy. HanmcTabinbHiwi KoHueHTpauil
cnoctepiranuca pns Cd, wWwo cBigYMTL NpPO MOCTiIMHE [XXepeno
HagXxooXKeHHs abo cTabinbHi yMoBM POPMYBaHHS MOro KOHLEHTPaUiN.
KopenauinHmin aHania nokasaB CepeaHi MO3UTUBHY KOPensuilo Mix
KOHUeHTpauismm Mn, Pb i Zn, a Takox Mix Cu, Cd i Cr, wo cBigumtb npo
CXOXICTb Y AXepenax HaAXOO4XKEeHHS UuMX MeTaniB Ao pivyku. HeratueHa
kopensuia Mixk Cu i3 Zn Ta Mn BKasye Ha MOXUBICTb Pi3HUX prKepen
3abpyaHeHHa pns  uux Metanie. PCA nigTBepamB Ui  BUCHOBKMW,
BUMOKPEMUBLUWN ABi rpynu MeTaniB, WO MalTb CXOXi XapaKTepUCTUKMU
BMicTy. [locnigXeHHs Ce30HHOI MIHAMBOCTI NOKAa3anu, WO KOHUeHTpauil
Mn i Zn 6ynu BuwmMMmM B 3MMOBUIK nepioad, WO Moxe 6yTn obymoBneHo
3MEeHLWeHHSAM BOA00OMiHY Ta 36iNbLUEHHSAM KOHLUEHTpaLil pe4oBMH Yepes
MEHLWY aKTUBHICTb PIiYKOBOro CTOKy. Bucoki KoHueHTpauii Cu
cnocTepiranucs HaBeCHI Ta BAITKY, WO MoXxe 6yTn noe'sA3aHO 3
BUKOPUCTAHHAM MigHUNX nectuuymaise  Ta nobpus nig, yac
CinbCbKOrocnogapcbKmnx poo6iT. HeBenuki CE30HHi Bapiauil
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cnoctepiranucsa gnsa Cr i Pb BoceHn, a Takox ans Cd HaBecHi, Wwo Moxe
OyTV NOB'S1I3aHO 3 PO3KNAAAHHAM OPraHiYHOT Pe4YOBUHWN Ta NOBEPXHEBUM
CTOKOM.
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APPLICATION OF STATISTICAL METHODS TO THE STUDY OF
VARIATIONS IN HEAVY METAL CONCENTRATIONS IN THE SURFACE
WATER

Pollution of aquatic ecosystems with heavy metals is one of the
key environmental problems, as these elements have a toxic effect on
aquatic organisms and can accumulate in food chains, negatively
affecting human health. The purpose of the presented research was to
analyse the content of heavy metals (Mn, Cr, Cu, Cd, Pb and Zn) in the
water of the Styr River using multivariate statistical methods to
identify possible sources of pollution and determine the variability of
their concentrations. The Styr River is subject to anthropogenic load,
including the river section in the area of influence of the Rivne Nuclear
Power Plant. The study was carried out on the content of heavy metals
in the water of the Styr River during 2023. Data on the concentration of
heavy metals were obtained on the basis of an analytical standardised
method of optical emission spectroscopy with inductively coupled
plasma. Statistical analysis of variations in the content of heavy
metals in the water of the Styr River revealed fluctuations in the
concentrations of elements, in particular Mn, Zn and Cu, indicating the
influence of external factors and changes in pollution sources during
the year. Cd concentrations were the most stable, indicating a constant
source of pollution. The correlation analysis showed an average
positive correlation between Mn, Pb and Zn, as well as between Cu, Cd
and Cr, indicating common sources of pollution. The principal
component analysis confirmed these findings by identifying two
groups of metals with similar characteristics. Seasonal fluctuations in
concentrations showed that Mn and Zn were higher in winter, and Cu in
spring and summer.

This study is important for understanding the sources of heavy
metals and their behaviour in aquatic ecosystems, which is an urgent
problem for environmental protection and public health.

Keywords: heavy metals; the Styr river; optical emission
spectroscopy; correlation analysis; principal component analysis.
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