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MITPAIINHA 30JATHICTDb TA IOTEHIINTHA
BIOOJOCTYIHICTb METAJIIB Y JOHHMX BITK/IATAX
IOBEPXHEBUMX BOOHIX OBF’EKTIB
(XIMIKO-AHAJIITUYHI ACIIEKTI)

Y cmammi ysaeanvreno pesynomamu 00CniOxeHb POpmM 3HAXOOHEHHS HUKU Me-
manie (Cd, Pb, Mn, Co, Cu, Zn, Fe, Cr, Al) y 0onnux 8i0knadax pisHomunHux nosepxHesux
800HUX 00°€KMiB, 30Kpema 8000cX06uULy JJHINPOBCHKO20 KACKAdY Ma MAnUX 60006M yp-
6anizosanoi mepumopii (Ha npuknadi 03. Bep6rozo), siki 3naxoosmucst 8 mexcax m. Kuesa.
3a donomoeor memoouku n’AMUCMaditinozo excmpazy8anHs ompumano n’ssmo Gpaxuyiil
— 1i0HOOOMIHHY, KAPOOHAMHY, OKCUOHY, OP2AHIUHY/CYNbMiOHY i 3ANTULKOBY, AKA BKIOYAE
Memanu, w0 3HAX00AMvCA Y Kpucmaniuniil epamui minepanie. Ilokazano, uyo po3nooin me-
Manie Mix 3a3HaveHuMu PPAKUiamu iComHno GiOPi3HIEMbCS, W0 3yMOBIIEHO XiMIUHUMU
871ACMUBOCNAMU Memanié ma munom 0oHHux 6ioknadis. Haiibinvuiow miepayiiinoio
30aMHICNI0 XAPAKMEPUIYEMbCA KAOMILL, 0CKINbKU Oibiia 11020 HACMUHA CKOHUEHMPOBa-
Ha y nepuiux mpoox Ppaxuyisx. 36invuienns minepanizauii 600u (nid8uLeHHS 8 Hill KOH-
uenmpauyii coneti) ma 3nusxcenns pH y npudonHomy eopusonmi — e mi HAt8ainusiui
YUHHUKY, AKI CHPUAIOMD BUBITbHEHHIO KAOMIIO 3 00HHUX 8i0Kkn1a0is. BionosioHo, 3a3Haue-
HUtl Meman cid OUiHI0B8AMU SIK NOMeHUitiHO 6i000cmynHUil 07t 600HUX opeanismis. Hail-
MeHwa mizpayitina 30amuicmy xapaxkmepra 07 amoMinilo, Kynpymy, xpomy i naomoymy,
AKI 6UABTIEHO NEPeBaNCHO Y CKadi opeaiuHoi/cynvionoi i sanuwkosoi gpaxuyit. Jnsa
iXHb020 6UBINLHEHHS 3 QOHHUX 8i0K1A0i68 HeOOXiOHI Oinbi HOPCMKI YMO8U, Bipo2iOHiCb
nposey AKUX Y NPUPOOHOMY 800HOMY cepedosuuyi 0080mi Husvka. Omoice, Ui memanu 8i0HO-
cAMbCA 00 Kamezopii mano 0ocmynHux 05 2iopobionmis. IIpomincre cmanosuwse 3atima-
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10Mb Pepym i MaHear, a Maxoi mi Mmemanu, 4acmra SKUx 00807 8UCOKA Y CKA0i OKCUOi6 i
eiopoxcudie Fe(III) i Mn(IV). Jlo epynu maxux memanié 8i0HOCUMbCT YUHK i HACHKO8O
Kaomiti, kobanvm i narombym. Micpayis 3a3HaueHux memanie 3 00HHUX 8i0KnA0i6 icMomHo
3pocmae 3a mpueanozo Oeiyumy KUCHIO y NPUOOHHOMY 20PUSOHMI i POPMYBAHHSI AHA-
epobHux ymos. Pesynvmamu 00cnioieHb akmyanvHi 6 ymMoeax KIiMAMU4HUX 3MiH, AKi
8i00y8a0MvCst HUMI i 6i00Y8AMUMYMbCST Y MALLOYMHLOMY, OCKIbKU 3POCIAE PUSUK 8O-
puHO020 3a6pyOHeHHS 00HO020 CEPedoBUL4A NOBEPXHEBUX BO0OHUX 00 EKMIB PI3HOMAHIMHU-
MU XIMIUHUMU PEHOBUHAMU, Y MOMY YUCTI Memanamu, 3a paxyHok 0OHHUX 6i0knadis.
Hedpiyum xucHio y 80001iMax, 0CONOHEHHS NPICHUX 800, 30invuleHHS KOHUeHmpayii op-
2aniuHux pewosut, snusxcenns pH i Eh-nomenuyiany y npudoHuomy eopu3onmi o3ep i 6000-
CX08ULY — came Mi YUHHUKU, AKI CHPUSTIOMb NOCUNIEHHI0 81MOPUHHO20 3A0pYOHeHHS 800HO-
20 cepedosuua cnomykamu memanis. Locmpoma yiei npobnemu 8ucysae HeobXioHicmo npo-
8e0eHHsT MaKux 00CioHeHb 6 YMOBAX CbO20OEHHS.

Knwouosi cnosa: memanu, 00HHi 8i0Kna0U, HOPpMU ZHAXOONEHHS Memanis, miepa-
yitina 30amuicmo, 6io0ocmynticmeo.

Cnonyku MeTasiiB — HeBii' €MHa KOMIIOHEHTa XiMiYHOTO CKJIaly IIOBepX-
HEBUX BOJI, sIKa BUABJIAIE IOMITHMUII BIUIMB Ha PO3BUTOK i PYHKIIIOHYBaHHSA Op-
raHi3MiB AK pOCIMHHOTO, TaK i TBAPMHHOIO IIOXO>KeHHA. BHAC/IIJOK aHTpo-
IIOr€HHOI [iANMbHOCTI KOHIJEHTpallid MeTajliB y BOJOMMAX i piuKax iCTOTHO
3pOCIIa, 1[0 CTAHOBUTH 3arpo3y He JINIIe /I Ti{poOiOHTIB, aje i [is TIIOANHY
[12, 17, 21—23]. B cygyacHuX yMmOBax IPaKTUYHO He iCHy€e IIOBEPXHEBUX BO-
IHUX 00’€KTiB, fKi 6 He 3a3HaBa/M AHTPOIIOTEHHOTO 3a0pyAHEHHS pi3HO-
MaHITHUMH XiMiYHMMY pEYOBMHAMM, Y TOMY YMC/Ii CIIOTyKaMy MeTajliB. Bax-
JIMBO 3a3HAYMTH 1 Te, 10 MeTa/IM He 3[IaTHi 0 fAerpafanii, AK 1je BIaCTUBO Op-
raHiYHUM peYOBMHAM, a/le 3a3HaI0Th TpaHchopMallii 3a fii YMHHKKIB cepeno-
BUIIA i NpOLECiB, 110 Bi)l6YBaIOTbCH B HbOMY, Ta HAaKONNYYIOTbCA Y Pi3HUX
KOMIIOHEHTAaX BOJHUX €KOCUCTEM, 30KpeMa B OI0TMYHIN CK/IaIoBil i JOHHUX
Bigxmamax [23, 25, 57].

[ToBeniHka MeTasliB y 06’ €KTaX HAaBKOIMIIHBOTO CEPENOBUIIA, Y TOMY 4IC-
J1i IOBEPXHEBUX BOIHUX 00 €KTaX, KPUTUYHO 3a/IeXKHA Bifi GOpM 3HaXO/KeH-
H{, AKi, y CBOIO Yepry, BIUIMBAIOTh Ha IXHill pO3MOAim Mk abioTMIHNMY KOM-
MIOHEHTaMM BOJITHUX eKOCucTeM (BOJja, 3aBUCIIi peYOBUHMY, JOHHI BifK/Iain) Ta
Ha MOOINBbHICTD, 610JOCTYIHICTD i TOKCUYHICTD JI1 BOGHMX OpraHi3MiB [3, 16,
40]. Indopmauii cTOCOBHO 3araIbHOr0 BMICTy MeTasIiB y BOJIi Ta JOHHUX BiJi-
K/IalaX IIOBEPXHEBUX BOIHMX OO €KTiB HENOCTATHBO /I PO3YMiHHS TOTO,
HACKIIBKM BOHM MOXYTb OyTy HebGe3nmedHuMM i QYHKIIOHYBaHHA Tifipo-
6ionTiB [3, 55]. 3araIbHOBIAOMO, 1110 6IOZOCTYIHICTD i TOKCUYHICTb MeTasIiB
II0B’sI3aHi, IIepefycCiM, 3 TAKOI0 BXK/IMBOIO XapaKTePUCTUKOIO, SIK TabiNbHICTh
[31]. PesynbraTyt 6GaratouncenbHUX HBOCTIIPKEHb CBif4aTh IpoO Te, IO acu-
MinsALis MeTasniB rifpobioHTaMy MOB’s13aHA 3HAYHOK MipOI0 3 aKTUBHICTIO
BiIbHMX (TimpaToBaHuX) iOHIB MeTary abo 3 iforo mabinbHOW0 Qpakiiero, ane
He i3 3araJIbHOI0 KOHILIEHTpAIli€lo Y BogHOMY cepeposuii [3, 31, 35]. JIabinpHa
¢dpakiis MeTasiB BKI0Ya€E B cebe BiIbHi (rigpaToBaHi) IOHM, KOMIUIEKCH 3 He-
OpTaHiYHMMM JITaHAAMM i, MOX/INBO, €KY YaCTUHY CTabKO 3B’A3aHNUX Me-
TaliB y CKHafi OPTaHiYHMX KOMIIIEKCIB, IO AUCOLIOIOTH IIPY MOPYLIEHH]
piBHOBaXKHOTrO cTaHy [31, 34]. BBa)kaeTbcs, 1110 CTabi/IbHI KOMITTIEKCH METaIiB
3 OpraHiYHMMM JIraH/jaM) HaJIeXaTh 4O HemabinbHoI ¢ppakiil. Y cBoiit 6inb-
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HIOCTi BOHM, 3a3BMYail, HELOCTYIIHI /I XKMBUX OPraHi3MiB, 30KpeMa Iie CTO-
CY€TbCA BUCOKOMOJIEKY/IIPHNUX KOMIUIEKCIB 3 IPUPOSHIMHY OPTaHIYHUMMU pe-
4OBMHAMM (TYMYCOBi Pe4OBUHY, IOTiCaXapyay, CIOTYKY O6I/TKOBOTO HMOXO[-
JKEHHA TOIIO).

Honwi Bigkmagu (IIB) moBepxHeBUX BOJHUX 00 €KTiB — Ba>KIUBa IXHS
KOMIIOHEHTA, 1110 iCTOTHUM YMHOM BIIMBAE HA €KOJOTiYHUI CTaH BOTHUX CU-
CTeM Y LIi/IOMY Ta Ha AKiCTb BOJHOTO CEPEOBMILA, B AKOMY MEUIKAIOTh Iifpo-
6ioHTH, 30KpeMa [12, 37]. BoHU CIpUAIOTH CAMOOYNIIIEHHIO BOJHOTO Cepelio-
BUII[A BiJf pi3HOMaHITHNX 3a0pyIHIOB/IbHNX PEYOBYUH, Y TOMY YVC/Ii 1 CIIOTTYK
MeTaJIiB, sIKi HAKOIIMYYIOTh y CBOEMY ckiani. lle BinOyBaeTbcst BHACTIOK ce-
JMIMeHTAIlil 3aBMC/IMX YaCTVHOK i afcopOIil XIMiYHMX CIIOTYK Ha IIOBepXHi 3a-
Buci i IB. I[Tpu oMy 3Ha4YHa pojb B afcOpO1Iii pe4OBMH HaISKNUTD OKCUAIAM i
rifipokcuzaM gepymy i MaHTaHy, sIKi BXOJSATH IO CK/Iajly 3aBUC/IUX YaCTMHOK
[37, 38]. OpHaK rOBOPUTY IIPO CAMOOYNILEHHA BOJHOI €KOCUCTEMH B L[I/IOMY
He JOBOJIUTHCsI, OCKI/IBKY OJfHA 3 il TaHOK (KOMIIOHEHT) 3a/IMIIAeThCs 3a0py-
HeHolo. Ile crocyerbes [1B BopoiiM, sAKi, 3a3BMYaii, XapaKTepu3yloThCs Habara-
TO OI/IBIIMMY KOHIIEHTPALisIMU MeTa/IiB IIOPiBHAHO 3 IXHIM BMIiCTOM Y BOZIHI
¢asi. Heapma 6arato HocmigHMKIB BBaXKaloTh, 1110 came [IB crif posrisapaTu
AK IHMKATOp 3a0py[HEHHs HOBEPXHEBUX BOJHUX OO €KTiB CIOTyKaMM Me-
Tanis [14, 39, 44]. 3p’a3yBanusa MeTaniB y [IB BinOyBaerbcs, nepenycim, 3a pa-
XYHOK OCaJpKeHHs, IOHHOro oOMiHy ab6o apcopb6buii [9, 24]. OcamkeHHs, y
CBOIO 4epry, II0B’si3aHe 3 TifpoKcuami, kKapboHaTamu, cutikatamu, pocdata-
M i cynbdinamu (B 6eskucHeBux ymoBax). VionHuit 06MiH 3yMOB/IeHM, 30K-
peMa, 3a yJacTi INIMHUCTUX PeYOBYH, AKi BXOJATD 10 cKiany [IB. 3naune mice
nocigae agcop6buist MeTaniB Ha MOBEPXHI TOHKOIVCIEPCHUX YACTUMHOK OK-
CUAIB i rifpoKcnpiB, AKi TAKOX MICTATbCS B 3aBUC/IUX pedoBUHax Ta [IB.

3abpynHeHi JIB BIIMBaloTh AK Ha AKiCTb BOAMY, sIKa KOHTAKTYE 3 HUMI, TaK
i Ha 6ioacuMinAlio Ta 6iOHAKONMYEHHS MeTa/liB y BOZHUX OpraHismax, 3y-
MOBJIIOIOYY JJOBIOCTPOKOBI HAC/IIKM /I 3[JOPOB Sl JIIOAVIHYU Ta €KOCUCTEMU
[53]. HasBHi ;aHi CTOCOBHO TOTO, 1110 OpraHi3Mu, siki 6e3rmocepeHbO KOHTAK-
Ty10Tb 3 [IB, Hanpukiaz ykopiHeHi MakpodiTy, 3a3HAIOTh OiNBIIOrO BIUIMBY
MeTaJIiB, Hakonm4eHnx y B, Hix MeTas1iB, po3unHeHuX y BoAi [49].

J1B BapTO po3I/sAziaT! AK Cepilo3He JKepeno BTOPMHHOTO 3a0py/HEHH
BOJY, 110 KOHTAKTY€E 3 HUMM, Yepe3 MIrpaliilo pe4oBUH, Y TOMY YKCIi i1 Me-
TaJIiB, 3 IXHPOTO CK/IAZly 3a CIPUATINBUX YMOB (IIPOSBY YMHHMKIB i Ipolecis,
AKi BIVIMBAIOTh Ha IXHIO MirpaniitHy 3fjaTHicTb) [18, 32, 33, 38, 54, 56].

Y Husni pobir [20, 23, 41] cTBepAXKyeThC, 110 MOOiIbHICTD MeTaiB y 1B,
3a3Bu4all, HeojHaKoBa. SKijo 6paTn Ko yBaru HesabpynHeHi [IB, To 6inbina
JacTMHA MeTajliB y HNUX CKOHIIEHTpOBaHa y MiHepalbHill (KpucTasiuHiii)
CTPYKTYPi, fIKa XapaKTepU3YETbCA MaJIOI0 PO3YMHHICTIO, i TOMY BOHUM HEJO-
CTyIHI. SIKIII0 X 1Lie cTocyeThbes 3abpynHeHux JIB, To 3HauHa YacTMHA MeTaliB
3HAXO[UTbCA y THX (PPaKLifAX, AKi 34aTHI 10 fecop6buii MeTasis 3a popmyBaH-
Hs TTeBHUX (i3MKO-XIMIYHMX YMOB y IIPU/JOHHOMY FOPU3OHTi BOAY, TOOTO Ha
Mexi gotuky 3 1B [12, 45]. Mo6ibHICTb TaKMX MeTasIiB He3piBHAHHO Oi/blIIa,
i came ToMy BOHM TIpe[CTaB/IAIOTh NIEeBHY 3arpo3y (PyHKLIOHYBAHHIO XKVBIUX
OpraHi3MiB y BOZHOMY CepefOBMILi, OCKI/IBKY CTalOTh Oi0OCTYIHUMM IS

102 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2024. 60(4)



Miepayiiina 30amuicmv ma nomenyitina 6i000cmynHicmo memanie

HIX, a TAKOX JJI JIIOICBKOTO OPTaHi3My IIPY BUKOPVCTAHHI BOAM /I MUTHUX
norpe6 [22, 50]. 3HaYHOO MipOIO Iie CTOCYETHCS TOHOOOMiHHOT, KapOOHATHOI
Ta okcupHol dpakuiit metanis y IB [19, 21, 45, 50].

PesynbTraTn gocnimKeHHA 3araTbHOTO BMICTy MeTajliB y [IB nmosepxneBnx
BOJIHUX 00 €KTIB, 3a3BMYali, MaoiH)OPMATUBHI, OCKI/IbKI He Tal0Th MOXK/IU-
BOCTIi OIIiHNTY IXHIO MOOITBHICTD Ta 6100CTYIIHICTD, @ 3peIITOol0, i iXxHI0 Hebes-
HEeYHICTD [/ BOJZHUX OpraHismiB [46, 47]. ToMy BaxBOro 3HaYeHH:A Haly-
Bae iHdopmaria crocoBHO XiMiuHuX popm Mertanis y 1B Bogoiim i piuok, Axi
JIOBOJIi Pi3HOMaHITHI i BK/IIOYa0Th HU3KY Qpakiiit, 30kpema [43]:

— BOJOPO34MHHY (BibHi (rifpaToBaHi) itoHNM, HeopraHiuHi ab0 opraHiuHi
KOMIIJIEKCY METAJIiB);

— JIOHOOOMiHHY i KapOOHATHY;

— oxcupHy (y cKIafii OKCUAIB i TifpoKcuaiB GpepyMy i MaHTaHy, sAKi Ais-
ThCs Ha aMOP(HI Ta KpUCTalTivHi);

— OpraHiuHy, BK/IIOYAI04) METa/IN, 3B s13aHi 3 BUCOKOMOJIEKY/ISIPHUMMU I'y-
MyCOBUMM pedoBuHaMu (iHOAi 11fo GpaKIiiio AiATh Ha ABI migdpakiii);

— MeTa/IN y CK/Ia/li HEOPTaHIYHUX CIOMYK, Y T. 4. HEPO3UNHHIX Cy/Ib}ifiB;

— 3IMIIKOBY (MeTayu B CTPYKTYpPi KPUCTTIYHMX I'PATOK IE€PBMHHUX
MiHepartiB).

BusABNeHHA YaCTKM METAJIIB Y KOXHII 3 IMX $pakiiit Mo>ke 6yTH Baskin-
BUIM IAIPYHTSM /I OLiHKY IXHBOT MOGibHOCTI y [IB Ta 3maTHOCTI 10 00MiHY
B cucreMi «J[IB — Boga», a 3penrrom i 6iogoctynHocri [6, 21, 33, 37, 39].

3a Takux yMOB Bce Oi/IbIIIOI aKTya/bHOCTI HabyBae fOCIipkeHHS Gopm
3HAXOJPKEHHA MeTasiB y [IB 3 MeTOI BCTaHOBIEHHSA iXHbOI MOb6ibHOCTI Ta
30ATHOCTI IepexoanTy 3i cknagy [IB y Bofy, fika KOHTaKkTye 3 Humu [6, 10—12,
37—39, 42, 45—47]. I1a npobnema crae 0cOOMMBO aKTyaTbHOI B Cy4aCHUX
yMOBaX, KO Bifj0yBaeThCs MOTEIIIHHA KIIIMaTy, a y HOBEPXHEBMX BOJOIMAX
JaCcTilIAIOTh IPOSIBY TAKMX HETATUBHMUX ABUIL, AK AePillUT pO3UNHEHOTO KIIC-
HIO, 3pOCTAaHH: MiHepanisaniii Bojy, 361/IblIIeHHS BMICTy OpraHiYHMX peYOBUH
i yac iHTeHCUBHOTO PO3BUTKY GiTOIIAaHKTOHY Tojo. CaMme Iii ABUINA IpU-
3BOJIAITH 10 OCKUJIEHHS BTOPYHHOTO 3a0py/IHEHHS BOJHOTO CepefioBMIIA pis-
HOMaHITHUMM XiMiYHMMM PE€YOBMHAMMY, Y TOMY YUCIIi CIOTyKaMIU MeETaliB,
BHAC/TIJOK iXHbOTO Hafgxo[KeHHA 3 JIB. Ile HeMuHyd4e BIIMBa€e Ha XiMiyHMIA
CKJIaJ] BOIM, IPMYOMY He B Kpawuii Oik.

Mertoro Haoi po60TH CTaIo JOCIIKEHH POPM 3HAXO/KEHHS METa/liB ¥
[1B pisHOTMITHVX BOJHMX 00 €KTIB i Ha MifCcTaBi y3aralbHEHHA OTPUMAaHMNX pe-
3y/IbTaTiB — OlLliHKa iXHbOI MirpaiiifHol pyX/IMBOCTi Ta IOTEHIiIHOI 6iomoc-
TYIHOCTI JI/Is1 BOAHOI 6i0TH.

Marepian i MeTOgMKa JOCITiI)KEHD

Brepire mocnimkeHHA $opM 3HAXOpKeHHA MeTanliB y JIB moBepxHeBux
BOJHMX 00’€KTIiB Oy posnoyaTi y Bigiiai rigpoximii (Tenep Bipgin npicHo-
BoHOI rigpoximii) Incruryry rigpobionorii HAH Ykpainu B kinni 80-x — Ha
1mo4atky 90-X pokiB MUHYOro cromiTTsa. Cro4YaTKy JOC/IiPKEHHA IPOBOMIN-
JUCh Ha BOJOCXOBMINAX [IHIMPOBCHKOro Kackajy, a IOTIM i Ha iHIIMX BOJO-
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JIMax, BK/IIOYAI04V Majli BOJI0VIMY ypOaHi30BaHOI TEPUTOPIi, 110 3HAXOAATHCSA
B Mexxax M. Kuesa.

[Tpo6u [IB Bigbupanu 3 nosepxHeporo mapy (1—10 cM) 3a FOIIOMOro0
JIBOCTY/IKOBOTO JJHOYEPIIaKa, IIEPEHOCU/IN Y IOMieTUIEHOBI EMHOCTI MiCTKic-
10 0,5 1M’ 1 wiipHO 3akpuBanu. [Torim ix 30epiranu B XOJIOAVIIBHUKY 260 5
AKOMOTA LIBMAIIE TPAHCIIOPTYBaIN B 1aboparopio. 3pasku 1B BucyuryBamm
CII0YATKy Ha IOBiTpi, a moTim nmpu Temneparypi 105 °C go nocriitnoi macu. [Ina
TOCTi)KeHb BUKOPUCTOBYBAIN, 3a3Bu4ali, 1 r Bucymenux /IB.

Y Hammx ROCHiIPKEHHAX BUKOPUCTAHO METONUKY YOTMPUCTALITHOTO
(iHomi BBaKAIOTH ITATUCTAAIIHOTO) eKCTparyBaHHsA MeTasiB i3 3paskis /1B,
CyTb AKOI BUK/IafieHO B poboTi [51]. B ii ocHOBY mok/afieHo cxeMy IOCTiZOBHO-
r0 eKCTparyBaHHsA MeTa/liB i3 3aCTOCYyBaHHAM HU3KM XIMIYHUX pEareHTiB, AKi
3maTHI IX BWIy4aTy 3 pi3HUX reoxiMivHmx ¢paxuiit (cxema, puc. 1).

ITocmigoBHICTD BUKOHAHHA OKPEMMX CTaflill €KCTpAaryBaHHA MeTaliB 3 [IB
IIOJIATA€ B HACTyNMHOMY. Ha mepmriit cTafiii B IOJINIPOIiIEHOBY KOHIYHY IIPO-
6ipKy 3 TBMHTOBOI KpMIIKOK0 BHocwi [IB macow 1 r i mopmaBamm 8 cm’
1 mons/pm® posunny MgCl, 3 pH 7. Bmict npo6ipku i3 3aKpuTOI0 KPUIIKO0
6esmepepBHO 300BTYBa/M npoTtAroM 10 xB i sammmanu Ha 1 rop. [lepen Buny-
YEeHHSM BUTSDKKM IPOOIpKy 3 HOHHMMU BifikIagaMiu LeHTPUQYTYBaIU IIpu
5000 06/xB npotsarom 10 xs. [lani BinOupanu pos3unH Haj TBepAoo dasoro 1B
(itoHOOOMiHHa (paKIlis) I HOJANIbLIOrO aHali3y Ha BMicT MeTasiB. Ha gpy-
rivi crapii mo samuuiky 1 /1B momasamu 8 cm’ 1 monb/pm? arjeraTHoOro 6ydepHO-
ro po3unHy 3 BenmunHow pH 5,0. Bmict npobipku 6e3nepepBHO 300BTyBaIN
IPOTATOM 5 TOf, a MOTIM LeHTpUPYTYBIM 1 BUIyYaay PO3YMH HaJ OCaZOM
(kapboHaTHa paKiis), AK ONMUCAHO BULIIE.

[ oTpuMaHHA OKCHAHOI Ppakiii MeTaiB Ko 3ammiky 2 y npobipui 3 [1B
nomasamu 10 cm’ 0,04 mons/am’ posunny NH,OH-HCI B 25 %-BoMy po3unHi
CH;COOH (pH 2,0). Jani mpo6ipky BUTpuMyBaM Ha BOAAHI 6aHi (96+4 °C)
i mepiogmuno 360BTYBa/M KOXHi 30 XB 1poTtsArom 6 rop. Kpuiuky npobipkn 3a-
KpUBa/IM IIIbHO JuIe Tif yac 36oBTyBanHs. [licns uentpudyrysanus pin-
HIHY HaJj 0CaJIoM 3/IMBa/IM i aHa/Ii3yBa/M Ha BMICT MeTasliB. /14 oTpuMaHHA
opraHiuHoi ¢paxiiii Metanis fo 3amuumky 3 JIB y mpobipui gomasanu 5 cm’
30 %-Boro posunuy H,O,, 3 cm® 0,02 monb/am’® poszunay HNOs (pH 2,0) i But-
PUMYBa/IV Ha BOfisAHII 6aHi (8614 °C) 3 HEIIOBHICTIO 3aKPUTOIO KPUIIIKOIO ITPO-
TsiroM 2 rof. [ToriM o uiel cymimmi gogasanu 3 cm® 30 %-Boro posunny H,O: i
IIPOJIOBXXYBa/IM €KCTParyBaTy Ha BOAsAHIN 6aHi mporsarom 3 rop. ITicna oxo-
TIOIKeHHsI 10 pobipku fomasanu 5 cm? 3,2 mosb/gm’® pozurny CHsCOONH,
B 20 %-Bomy posunHi HNOs i 6esnepepBHO 360BTYBanu mnporsarom 30 XB.
[Ticna neHTpudyryBaHHA pifyHy HaJ| 0CAIOM 3/IMBA/INU i aHajIi3yBanu. 3amu-
ok 4 JIB micyst monepeHixX eKCTpaKIiit HepeBOAWIN y PO34MHEHMII CTaH, 00-
pobnstoun itoro y cyminri konueHTposanux kucnoT HF i HCIOy, sk mokasano
Ha cxeMi (guB. puc. 1).

[Tics BUMIApIOBaHHS 3a/MUIIOK po3ynHsiin B 12 Mmonb/mm® posunui HCL
Panimre My Tako)XX KOPUCTYBaIUCh LIi€I0 METOAMKOK. AJie 3TofioM 6y/Io pos-
pO6/IeHO METOAVKY TifipoTepManbHOI 06pOOKM 3aBUC/INX YaCTUHOK i IB, Ky
3anateHToBaHO [7]. CyTb 3a3HayeHOI METOMVKM IOJIATAE y PYMHYBaHHI 3a-

104 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2024. 60(4)



Miepayiiina 30amuicmv ma nomenyitina 6i000cmynHicmo memanie

JoHHi Bigkmagm + 1 mons/nMm> MgCl, (pH 7,0)
| LlenTpudyrysanns npu 1-1ma BUTSOKK
| 5Tme. 06./x8; 30 xB (itonoo6minHa dpakiyis)
3amumox 1 + 1 monb/om> CH;COONa/CH;COOH (pH 5,0)
2-ra BUTSDKKA
| Lentpuyrysanns | (xap6oHnaTtHa dpakiiis)
3 5 + 0,04 Mosb/ M NHZOHXHCI +
oK 25 % CH,COOH (96 °C + 4 °C; pH 2,0)
3-Ts BUTSDKKA
‘ Lentpugyrysants | (ppaxuist Fe-Mn okcnzis)
S THIIOK 3 +30 % H,0, + 0,02 mons/nm® HNO, (86 °C + 4 °C)

+ 3,2 moms/gm® CH,COONH, (pH 2,0)

4-Ta BUTSKKA
(opranivyna/cynpdigna ¢ppaxiis)

—>| Uenrpudyrysanus l—

3ammuox 4 + HF + HClO4 + HCl

5-Ta BUTSDKKaA
(sammuikoBa ¢pakiis)

Puc. 1. Cxema moC/iloBHOI ITITUCTAZ{iTHOI eKcTpakiii MeTaniB 3 [IB moBepxHeBUX BO-
mHUX 06’€KTiB [51]

MUIIKY 4 Ta IepeBefleHHI JIOTO B PO3YMHEHMII CTAaH LUIIXOM 006pOoOKM
3,2 Monb/aM® po3urHOM Hatpito rigpokcuay (NaOH) 3 BUKOpUCTaHHAM CTa-
JIBHOTO TipOTepPMa/IbHOTO aBTOK/IABY 3 (PTOPOIUTACTOBUM TUIJIEM 3a TeMIIe-
patypu 230 °C nporarom 4—>5 rog. MeTonuKy eTanbHO OMMCAHO TaKOX B poO-
60Ti [58]. ToMy y mopja/IbIImx HaIX JOC/TIKEHHAX caMe BOHA BUKOPVICTOBY-
BaJIach JyI IlepeBeleHHs 3aMIIKoBOI ppakiii [IB y posunHeHni cTaH.

Bci orpumani ¢paxkuii, kpim 3anuIkoBoi, nepey ixHiM aHaMi30M Ha BMICT
MeTaliB 3a3HaBanu GpOTOXIMIYHOI TeCcTpyKIIii. [X mepeHOCHIN B KBapIOBi cTa-
KaHu i pomaBamm mo 1—2 kpamti koHneHTpoBaHoi H,SO, i 2—3 xpamri
30 %-Boro posunmny H,O, Ta onmpoMiHIoBamM pPTYTHO-KBAapLOBOIO JIaMIIOKO
JPT-1000 mpotsirom 2 rog,.

KoHIjeHTpaio MeTaiB y KOXHili 3 ppakiiil 3pyqHO BU3HAYATI METO/[OM
aTOMHO-20COpO1IiiTHOI CIIEKTPOCKOTIIil. Y HAIINX JOCTKEHHAX KOHIIEHTpa-
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i amoMiHio 1 pepymy Bu3Ha4amm (GOTOMETPUYHNMM METOIOM 3 BUKOPU-
CTaHHAM BifNIOBigHO XpoMasypony S i o-penanTponiny [5, 8], kynpymy, maH-
raHy i XpoMy — XeMilToMiHeClleHTHUM MeTofioM [4, 26, 29].

PesynbTaTi [OCTigKeHb Ta iIX 00TOBOPEHHS

BignosifHo mo Bullle ommcaHOI METOAMKM NOCTpKeHb [IB oTpuMyorh
I’ ATh QpaKIili, AKi MOXXYTb MICTUTH Y CBOEMY CKJIaJii MeTanu, 30KpeMa J10HO-
06MiHHY, KapOOHATHY, OKCUJIHY, OPTaHiuHy/cynb}ifHy Ta 3aMNIIKOBY [6, 51].
VoHnoo6MiHHA ¢dpakiis BKIOYAE Ty YaCTMHY METANTB, fKa 3JaTHA [O Je-
cop6iii mpu 3pocraHHi MiHepaisanii Bogy, mo koHTakTye 3 JIB. Jo xap6o-
HaTHOI (pakiii BiTHOCUTBCSA Ta YacTMHA METAJIB, sIKa BUBiIbHsAETbCA 3 [IB
npu 3HIDKeHHi pH BogHOrO cepenosua, ane He Hipk4e 5,0. BignosifHo, OK-
cupHa Gpakiis MiCTUTD Yy CBOEMY CKJIaJii Ty YaCTMHY METaIiB, KA 37jaTHA af-
copbyBaTiich Ha moBepxHi okcupiB i rigpokcupis Fe(III) i Mn(IV). BusinbHen-
Hs1 TAaKMX METaJIiB BijOyBa€eThCs B aHAepOOHIX yMOBaX 3a TPUBAIOTO Aeinnty
PO3YMHEHOTO KICHIO i 3HVDKEHHs OKJCHO-BiffHOBHOro moteHniany (Eh-mo-
TeHnjiany). [leBHa YacTMHaA MeTaliB MO)XKe 3HAXOAWTUCH Y CKIaji OopraHiu-
Hoi/cynbdinHoi ppaxuii (iHoAi 0OKpeMo BUAIIAIOTD PpaKIiiio TYMyCOBUX pedo-
BUH). BuBiNbHeHHA MeTasiB i3 opraniuHoi/cynbgifHoI ppakuii MoxxIMBe M-
Ile B yMOBaX OKMCHIOBAJIbHOI HeCTPYKIlil OpraHiYHMX pedoBUH, sAKa Bifj0y-
BA€TbCA He JIMILIE YMCTO XIMIYHUM ILUISAXOM, aje 11 6ionoriyHmm 3a y4acri
Mmikpoopranismis. Hapenrri, 3amuikoBa dbpakiiist BKIO4Yae B cebe MeTas, ki
3HAXOMATbCA B KPUCTAMIUHIN I'parii MiHepaJbHUX 4acTMHOK. s IXHbOro
BUBIIbHEHHS HeOOXimHi Oi/IbII )KOPCTKi YMOBM, 30KpeMa «CIIalTIOBaHHS» 3a-
Ky [IB y cymimi konnenrposanux kucnor HF i HCIO,. [TepeBakne 3Ha-
XO/PKEeHHs MeTasliB y ckiaapni tiel un iHmoi ¢pakuiin B 3aneXxutb sHauHOO
MipOI0 TaKOX BiJj IXHiX XiMi4YHUX BIaCTUBOCTEI.

Taknit migxin 7o BUB4eHHA HOpPM 3HAXOMKEeHH:A MeTasiB y B 3 Bukopu-
CTaHHAM Pi3HUX peareHTiB I IXHbOTO BWIYYEHH: JIUIIE IIeBHUM 4YMHOM
imiTye Ti mpMposHi yMOBH, 3a IKMX METa/IU MOXKYTb CTaBaTy MOOUIbHMMU Ta
6iogoctynHumu. Li1KOM 04eBU/HO, 110 TOYHO BiTBOPUTY IIPUPOHI YMOBH i
mpotiecy, sKi Bii0yBalOTbCs y BOZHOMY CepefoBUII, Tyxe BaKKo. OcobnmmBo
AKIO BPaXyBaTH Ty 0OCTaBUHY, IIJ0 OKpeMi CTa iil BUITy4eHH: BiOyBarOTbCA Y
TOBOJIi )KOPCTKMX YMOBAX, HE XapaKTEPHUX [I IPUPOLHOTO BOJHOTO Cepefio-
Bua. [Iepemycim Lie cTOCyeTbCA JOBOJL CMIPHOTO HarpiBaHHA 3paskis [IB, mo
He CIIOCTepiraeTbcsA B IPUPOJHUX YMOBAX. 3 VX IPUYMH OTPUMYBaHi pe3y/ib-
TaTV He abCOMIOTHO aJleKBaTHI iCTUHHOMY PO3IOiNTY MeTasliB y MPUPOAHUX
yMoBax [6], ogHak iHmoro migxopy 3a 6inbie Hi>X 40 pOKiB 3 MOMEHTY OI1y6-
NiKyBaHHs METOAMKM He 610 3aIIpOIIOHOBaHO. ToMy sIK 3a3HaueHa METO/VIKa,
TaK i HU3Ka iHMmMX 3 HeBemKUMu Mopgudikanismu [10, 11, 37, 45, 47] BusiBu-
JIVCh HAMOUIbII IPUAATHUMMY IS JOCTIKEeHHA GOPM 3HAXO[KEHH MeTasliB
y [1B moBepxHeBuX BofHMUX 00’ €KTiB. IT0 CyTi MeTOMKA JOCTII>KEHH, IIPO AKY
Jijie MOBa, Oyr1a IpuitHsATa 3a 6a30BY 3 iesiKoIo Moaudikaliero y KpaiHax EBpo-
neiicbkoro Coosy [48, 52]. 3 ypaxyBaHHAM BUK/IaJleHOTO BMIIle MOYXKHA CTBep-
JUKYBATH, 110 HOCTYIIHICTD METaJIiB y 3a3HaUYeHMX (pakijisix iCTOTHO Bimpis-
HAETbCA. Y NepIINX IBOX BOHA Mo>Ke OyTi Haiibinburoro. Mertamn y ckazi Tpe-
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TbO1 (OKCHEHOT) (pakiii XapaKTepU3yIThCSA MEHIIOK TOCTYIIHICTIO, @ B Op-
TaHivHIN i 3a/MMIIKOBi PpaKLiAX BOHM NPAKTUYHO HEJOCTYIHI. 3 OI/IAAy Ha
Ile CTA€ MOXK/IMBUM OILIiHUTU MOOiNBbHICTh MeTaiB y I B Ta IXHIO 31aTHICTD O
obMiHy B cucremi «/IB — Bopa». BBakaeTbcs, 110 MeTa/u y IepUINX TPHOX
¢dpakuiax 6inpiIoo Miporo 3faTHi ;o 06MiHy Mix [IB i BOz010, SIka KOHTAKTYyE 3
HUMMU, 32 3MiHUI (1)13MKO-xiMquMX yMmoB. OTKe, BOHU CTAIOTh 6iO,I[OCTy1'IHI/IMI/I.
3HaXO/PKeHH: MeTaJliB y CK/Iajli OpraHivHo] i 3aMMIIKOBOI (PpaKIliil 3yMOBIIIOE
iXHIO HU3bKY JJOCTYIIHICTD, @ OTXKe i He3laTHICTb 1o 06iMHy MiX [IB i Boporo.

OcHoeHi YUHHUKU | npoUecU, AKi 6NAUBAIOMb HA MiePAUITiHY PYXIUSICMb
memarnie y cucmemi «00HHi 6i0K1a0U — 600a». BoHM 3TpynoBaHi HaMu i y BUT-
nApxi BignoBigHOI cxeMy HaBeneHi HypK4e (puc. 2). [Topinatorbcs Ha disnyHi,
ximiuHi i 6iomorivyHi, a ixHilt BIIMB BinOyBa€eThCs, 3a3B1Yall, y B3aEMO3B A3KY.

Cepep ¢isMYHNX YMHHVKIB BOX/IMBE 3HAUEHHS MA€ TifpoIOrivyHmMii pe-
JKVIM ITOBEPXHEBMX BOJHUX 00’ €KTiB. Ha MiNKOBOJHVX Ji/IIHKAX BOJOIIM Jy>Ke
9acTo BijOyBa€eThcsA BiTpoBe nepeminryBanHs I B, BHaC/TiTOK AKOTO ITeBHa Yac-
TVMHA MeTa/IiB HagxomuThb 3 JIB y BojHe cepemoBulle y BUITIAMI 4aCTMHOK
pisHOrO posmipy. OHaK BOHU 3/IaTHI JO CeAVIMEHTALlii, TOMY HaJXOJ>KE€HHA
METaJIiB Y TaKUil CIIocib cy1ify posrisamaTit AK TMMYacoBe sABuie. JJHonormmo-
JIIOBAJIbHI POOOTY TaKOXX MOXKYTb CIIPMYMHUTY HAAXOKeHHA MeTasis 3 [1B
BHACJIiOK CKa/laMy4yBaHHA OCTaHHIX, IPOTE TPUBAIICTD IXHBOTO 3HAXO[KEH-
Hs Y BOJIi 3a/IEKNTD BiJi pO3Mipy 3aBMC/IMX YACTUHOK.

3a3Buyail TOHKOJAUCIIEPCHI YaCTMHKM 3HAXOAUTUMYTbCA y BOJi TpMBa-
miImit 4ac, Hix rpyboaucnepcHi. [Ipore BapTo 3a3Ha4umTH, 1110 6i0ZOCTYIIHICTD
MeTaJIiB Y IIUX BUIIaJKaX He3HAYHA, OCKi/IbKM BOHV 3a/IMIIAIOTHCS 3B’ AI3aHUMMU
i3 3aBuCcIMMM 9acTMHKaMu. BogHovac, He CIlifi HeXTyBaTy HeTaTMBHYM BIUIN-
BOM TOHKOJIMCIIEPCHOI 3aBUCi Ha pub, AKMil MOXKe MPOABIATUCDH Y Ii Hamu-
IaHHi Ha 356pax OCTaHHIX.

Brius 6ionoriyHux YMHHUKIB Ha Mirpariio MeramiB y cucremi «[IB —
BOJla», 3a3BM4all, HEOJHO3HAYHNI, OCKI/IBKY BiH MOXKe IIPOABIIATUCD Y IPAMIN
i onocepenxoBaHil #ii. 3a yMOBM iHT€HCUBHOTO PO3BUTKY (iTOIUIAHKTOHY Ta
HaKOIIMYeHHs 6ioMacy BOZOPOCTEN 3 MOJAIBLIMM IXHIM PO3KIafioM Bifi0y-
BA€ThCA 3POCTaHHA KOHIEHTpallil opraHiyHux pedoBuH. lle, y cBoro uepry,
IPU3BOAUTSD 10 301/IbIIEHHS BUTPAT PO3YMHEHOTO KIMCHIO Ha iXHE OKMCHEHHH,
[0 9acTO CYIPOBOMKYETbCA Jioro medinurom. B pesynbrati dpopmyroTbes
aHaepoOHi yMOBH, Bifj0yBaeThcs 3HIDKeHHA BeyanHy Eh-notenuiany, To6To
JIOMiHYIOTb IIPOLIeCH Bi[HOB/IEHHA. 3a TaKMX 0OCTaBVH Mirpaljilina 3faTHiCTh
MeTaJliB, 110 3HAXOAATHCS B OKCUAHII Ppakiiil, MOXXe icTOTHO 3pocTaTn. Xoda
C/IiJ; BPaxOBYBaTy I Te, IO y BiHOB/IIOBa/JIbHMX YMOBaX HaKONNYYIOTbCA
cynboinHi 10HM, 3 AKMMI METa/IN YTBOPIOIOTb MATIOPO3YMHHI CIIOTYKM. Y I[bO-
My BUITQIKy MoOinbHicTh MeTaniB y [IB crae minimanbHOW [15]. BogHouac,
iHTEeHCUBHMIT PO3BUTOK JJOHHOI MiKpOoQIOpU CIpUsi€ BUBI/IbHEHHIO METAIiB 3
IIB, 30kpema Iie crocyerbes Oakrepili, Aki 3paTHi BigHoBmoBaty Fe(IIl) mo
Fe(II) i Mn(IV) go Mn(II).

Briins HaliBaXK/IMBIiIMX XiMIYHMX YMHHUKIB i IPOIIECIB 3a iXHbOI y4acTi
MM BXKe PO3IJIAHY/IM BUIIE, TOMY TIOBTOPIOBATIICh HEMA€ MOTpeOu. 3ayBarkn-
MO JIVIIe, IO /I [TTMOOKOBOJHNX AIITHOK 03€p i BOJOCXOBMIIL Y IIepioay 3u-
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Havisa>xnusinni YMHHIKY i Iporiecy, AKi BINIMBAIOTH

|—|<Diswmi Ha Mirpaniio i MOGUIbHICTD MeTAsIB y cucremi I—lBi PRS-
«/IB — Bofa» TIOBEPXHEBIX BOJOIM

[HTeHCHBHWI PO3BUTOK -
Bitpose CxanamyuyBaHHs yepes ditomnan lI()TOHy IHTeHCM.l}HI.AM POSBUTOK
TepeMilllyBaHHs JHOMOTINONTEHHS (cypirias» Bo) JIOHHOI MiKpodopH

y
Ximiuni |

Minepanisauis i fionHmit KotcHeBuit Dexa Ha Mexd pH Bozoro cepenosua, Eh BogHoOro
CK/Iaj} BOJIM, SIKA KOHTAKTY€ KOHT&KTP somi B Ha MeXi KOHTaKTy CepefioBHUILA Ha MeXKi(—,
3 JIB ¥ BOK Bomii JIB KoHTakTy Bofu i J[IB

Konnenrpanis i komnonenTHumit
cknap POP

36inbuenHs MiHepanizarii |
BOMM 3pocTraHHsA

KoHIeHTparii ['P
3pocranmA ISHM)KeHH;I pH Bogu |
BuBinbHeHHA MeTaiB 3 ggﬂiueﬂa)% au;: Pg{iz _ _
BuBinbHEHHS MeTasiB 3 110HO0OMIHHOL A edi MIT’ }(’)B ; B”gmb‘“emfﬂ METAJIIB 3
itoH006MiHHOI dpaxuii 1B KapOOHATHOI 1 OKCHATHOI aHI; ep ou6m/¥x y%vl o5 kap6onarnoi ¢pakuii /1B
dpaxuii 1B
Aeno6m _| Medimr O,, anaepobui SHICKEHHS BETUYMHN | SPOE}:‘*::T”&EW;:[:"H"
€pOOH1 yMOBU YMOBH Eh-norenmiany T 1arny
: : ¥ - - BuBinbHeHHA MeTaniB
BusinbHenns Metarnis BuBinbHEHHS MeTaliB BuBinbHEHHS METATTIB 3 3 I?B 3:;")‘( e:b;):
3 JIB sHIDKyeTbCA 3 JIB 3pocrae oxcupHoi dpaii /1B | Y
I | [ Ve
Mob6inbHicTb i Mob6inbHicTb i MobinbHicT i . MOOIIBHICTB T+
6iomocTymHICTb MeTaiB biogocTynHicTb MeTani |  |6iofocTymHiCTb MeTamiB biogocrymmicts Meraris
3HIDKYETHCA 3POCTATH 3POCTAIOTH SHIDKYETbCA

3a nassrocti H,S y npuiionomy ropnsonTi Bomu MOGiTbHICTS MeTaniB
3HIDKYETBCA Yepe3 YTBOPEHHS MaTOPOSUMHHIX CYMbQifiB

Puc. 2. [ToTeHLiiHMIA BIVIMB HallBOK/IMBIIINX YMHHMKIB i IpoLieciB Ha MIrpalliiiny 3/at-
HicTb (MOOiNBHICTD) i 6iogocTynHICTb MeTaniB y 1B moBepxHeBux BogoriM: [JB — noHHi
Bigkmagy; I'P — rymycosi peyoBuny; POP — posunneni opraniuni pegoBunm; Eh — okuc-
HO-BifHOBHMIT ToTeHIan [12, 13, 15, 19, 23, 38, 45]

MOBOI i 1iTHBOI cTpaTnikanii xapakTepHa icToTHa pi3HuUIA y BennunHax pH
BOJIU TIOBEPXHEBOTO i IIPUIOHHOTO rOpU30HTIB. OCO6/IMBO Iie IPOABIAETHCA
BJIITKY 3a IHTEHCMBHOIO PO3BUTKY BOJIOPOCTEI, KON Y MIOBEPXHEBOMY IlIapi
BermauHa pH Bopu crae 6inpinoro HiX 9,0, a B IPUOHHOMY 3HIDKYETHCS IO
7,0—6,5. Came 3a Takoro 3HM>KeHHA pH npupgoHHOI Bofu MirparijiHa 3gat-
HicTb MeTantiB y [IB 36inbIyeTbes (3BU4aiHO 3a YMOBI, IO 3HAYH] iXHi Ki/lb-
KOCTi 3HaXOZIATbCA y KapOOHaTHIIT (ppak1il). AHa/OTiYHa CUTYALis CKITAIA€TD-
Cs1, KOJIM 3pOCTae MiHepastisallis Bojay (BMICT coseil y Hiif) B CyJacHMX yMOBaX
TaK 3BaHOTO OCOJIOHEHHA IpicHUX BOA. B ymMoBax mposABy TemmepaTypHOI i
K1CHeBO1 cTparmdikariii Ha I7IMOOKOBOJHUX MIISTHKAX BOLOVM IPAKTUYHO
3aBX[M Ma€ Mice feinyuT KUCHIO i popMyBaHHs BHACI/IOK IIbOTO aHAepOO-
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HuX 30H. BinbyBaerbcs BigHoBnenus Fe(IIl) mo Fe(II) i Mn(IV) mo Mn(Il) y
IXHIX OKCHJJaX 3 IOJA/IbIINM PO3YMHEHHAM OCTaHHIX Ta BUBJ/IbHEHHAM aJICOP-
00BaHUX HMMU MeTaJliB i IXHIM IepexooM B posumHeHuit craH. He meHmr
BOK/IVBE 3HAYEHHA MA€E 3POCTaHH:A KOHIIEHTpalil pO3YMHEHNX OPraHiYHMX
P€4OBUH, 30KpeMa I'yMyCOBMX PE€YOBUH, AKi 3JaTHI YTBOPIOBATH KOMIIIEKCHI
CIIOTyKM 3 iioHaMM MeTatiB. ToMy Lie Takox crpuse crabimisarnii Mmetasis y mo-
POBOMY PO3uMHi B po34MHHiN popMmi Ta 30i/1blIeHHIO IXHbOI MOOiITBHOCTI ¥ [IB
[15].

BesnepeyHo, HaMy PO3IJIHYTO JIMIIe HAVOIIbII BaroMi YMHHMKY i IIpo-
LecH, sIKi BIUIMBAIOTh Ha MIirpalito MeTaiB y cucreMi «[I1B — Boga». ¥ mpupop-
HJIX YMOBaX iX 3Ha4yHO Oinblie i MPOSABIAITHCA BOHM Y CYKYIHIN [Ail, KON
BKpall Ba)KKO OILIiHUTY BHECOK KOXKHOTO 3 HUX.

Ocobnusocmi po3nodiny memarnie mixc pisHumu gpayismu JIB 600ocxosuny
Jninposcvkoeo kackady. Huxkde (puc. 3) HaBe[leHO pe3y/IbTaTi JOCIi/KEeHb
posnopiny meranis (Cd, Pb, Mn, Co, Cu, Zn, Fe i Cr) mix pisHumu ppaxiiamm
JIB, sixi 6ynu panilie onpwirogHeHi y HusLi myonikaniii [ 1, 2, 6, 32] Ta y3arainb-
HeHi HaMM 3 MeTOIO0 OILHKM IXHbOI MOOIIBHOCTI 1 moTeH1iliHOI 6iogocTyI-
HOCTI.

Mo>kHa IepecBifunTICh, 10 Oi/bIlla YacTMHA KAMil0 3HaXOAUTHCA Y
CKIafi 10HOOOMIHHOI Ta oKcupHOI ¢pakuiit (y cepemubomy 44,2 i 24,8 %
Cd.ar). Tomy itoro Mob6inbHICTD, a OTKe i 6i0FOCTYIHICTD, MOXKE 3POCTATH 32
HigBUIIeHHS MiHepasisauii Bogu Ta GopMyBaHHS aHaepOOHUX YMOB y BOJO-
CXOBUIIAX. 3Ba)KarOuyM Ha Te, IO Iie OMH i3 HeOe3MeYHMX TOKCMKAHTIB IS
JKMBUX OPTaHi3MiB, BUBI/IbHEHHA KaaMmio 3 [IB moreHuiiiHo mifBuIyBaTme
TOKCUYHICTh BOJIHOTO CEPEJOBUIIIA 32 YMOBI iCTOTHOTO JIOr0 HAKONIMYEHHA Y
[IB. Binbure 60 % mmoM6yMy KOHI[EHTPYETbCSA Y CKJIajli OPTaHivHO] i 3aIMIIKO-
Boi ¢ppaxuiii (BixmosigHOo 23,7 1 37,2 % Pb,.r) TOMy MirpaliiiHa 35aTHICTD IIbOTO
MeTaTy HeBMCOKa. JIniie nesHa 110ro 4acTuHa MoXKe Hajgxoautu 3 JIB B anHa-
epoOHMX YMOBaX, OCKIIPKM 3 OKCMIaMMi MaHTaHY i ¢epyMy 3B’s13aHO B ce-
penHbOMY 6/1M3bKO TPeTHHN Bif yciel yioro macu B [IB. Binbiry yacTuHy MaH-
rany (y cepegHboMy Marbke 75 % Mn,,:) BUAB/IEHO B OKCUAHIN ¢pakuii. Cripu-
ATIMBUMM YMOBaMM /IS J10TO BUBIIbHEHHs 3 [IB cyin posrianaTy aHaepoOHi.
Bonu popmyroThCs SIK B3MMKY 32 TPUBAJIOTO IbOJOCTABY i 0OMe>XeHHs aTMO-
cdepHoi aepanii, Tak i BIITKy 3a yMOB TeMIlepaTypHOI i KMCHEBOI CTpaTu-
¢ikanil. B pe3ynbTaTi KOHILIEHTpallis pO3YMHHOTO MaHIAHY Y BOJ1 MO>Ke icTOT-
HO 36inbInyBaTuch (y 25 i HaBiTb y 50 pasiB) [27], a Ije 03HaYaE, 1[0 3a3HAYECHUI
MeTaJI CTa€ 6i0MOCTYITHUM /IS aCUMIIAL] rifjpobionTamu. Maibke 60 % Koba-
JIBTY 3HAXOUTBCS Y CKIIafli 3a/IMIIKOBOI 1 OpraHiuHoi Pppaxiiiit, ToMmy MOOi/b-
HICTb J10TO, 3a3BMYail, HeBMCOKA. /1A KyIpyMy XapaKTepHe IepeBaKHe 3Ha-
XO/PKEeHHA y ckaafi opraniynoi (y cepenHboMy 38,8 % Cus.r) i 3ammmikoBoi
(48,9 % Cuar) dpaxuiit, mo B cymi cknasae Mainke 88 % Cusar. ToMy M0O6iB-
HICTb 1IbOTO MeTANy i NMOTeHI[iliHa 6I0JOCTYIHICTD 3a/IMIIAI0THCS HUSBKUMIA.
Maibke 60 % IMHKY 3HAXOUTbCS Y CKIafi OKCMAHOI QpaKiiii, ToMy B aHaepo6-
HJIX yMOBaX MOOi/IbHICTD i TOTeHIIiIHA 610JOCTYIIHICTD [[bOTO METAJTY CTAE [O-
BOJIi BUCOKOK0. PepyM KOHIIEHTPYEThCS TOJIOBHUM YMHOM B OKCUAHIN (y ce-
penaboMy 36,5 % Fes.) i opranivniin (45,4 % Fe..) ¢pakuiax, Tomy ioro

ISSN 0375-8990. I'igpobionoriunmii sxypHai. 2024. 60(4) 109



Jlunnux I1.M., JKexcepst B.A., JTunnux P.I1.

I I IV V I I IV V I I IV V
Cd(In) Pb(II) Mn(II)

I II III IV V I II III IV V I II III IV V
Co(II) Cu(II) Zn(II)
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®paxii ®paxii
Fe(III) Cr(III)

Puc. 3. Posnopin mertaniB Mix pisuumu ¢paxuismu B npurpebneBux GissHOK BOJOCXO-
Byt JJHITpOBChKOTO KacKajy, % 3arambHOro BMIicTy (Msa). TyT i Ha puc. 4: I, 2 — rpa-
HI4HI; 3 — ycepenHeHi Benmuanuy; | — o6Minna; II — xap6onatha; IIT — oxcupna; IV —
opraniuna/cynbdigna; V — sammmkosa ¢paxuii. Bmict metasis y cxmagi 1B, MKr/r cyxoi
macu: Cd(II) — 0,8—3,6; Pb(II) — 27,8—106; Mn(II) — 360—2750; Co(II) — 8,1—32,3;
Cu(Il) — 26,4—70,8; Zn(II) — 59,7—251; Fe(III) — 1100—32400; Cr — 15,6—147,5. 3a
pesy/IbraTaMi SOCTiIKeHb, HaBeeHuMN B [1, 2, 6, 32]

MOGIIBHICTD 3a/I€XXUTD, TepefycCiM, Bifi GOpMyBaHHS aHaepOOHMX YMOB Y BO-
moriMi. Hu3bkow MOOIBHICTIO XapaKTepU3YEThCSI XPOM, OCKIIBKM OCHOBHA
JI0TO YacTVHA 30cepepkeHa y CKIafli opraHiyHoi i sa/mimkoBoi ¢ppaxuii (Bif-
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noBigHO 40,8 1 42,5 % Craar, 110 B cyMi cktaziae 6inbire 83 % Cri.r). Buxonsun 3
IJbOTr0 MOKHA CTBEP/KYBATy IIPO JOBOJIi HU3HKY MIrpalLliiiHy PyX/IMBIiCTb 11bO-
ro MeTasly. 3BMYAliHO, HaBe/leHi pe3y/IbTaTy NOCIIIKeHb CTOCYBAIUCh IIepe-
B)XHO IJIMHMCTYX MYJIB, IKi CKOHIJEeHTPOBaHi B OCHOBHOMY Y IpUTrpeb/IeBux
IiIAHKaX BojocxoBui JIHIMpoBCchbKOro Kackapy. Llinkom odeBMAHO, 1O 3i
3MmiHolo Ty 1B posnopin metaniB Mk pisHuMu paxiismm Moxxe BifjpisHs-
TICh NOPIBHSAHO 3 HaBefeHMM Buile. Jocnimpkenns 3 [IB, Bigibpanumu Ha
pisHUX minAHKax KniBcbKoro BOJjOCXOBUINA, IIEBHOIO MipOIO 1i€ MiATBEPXKY-
I0Tb. PesynbTaTty nnpoBeleHNX HaMM JTOC/IIIPKEHDb y3araJlTbHEHO i HaBEJEHO Ha
PUCYHKY 4.

HonatkoBo mocmimkyBamich GopMy 3HAXOKEHHs aloMiHio. 3’scyBa-
JIOCB, 11J0 OCHOBHA Maca 11boro MeTany (95 % Aly.r) 3HaXOAUTHCS Y 3/IMIIKOBIN
¢dpakuii y cxmajii aTIoOMOCHIIKaTHUX MiHepasliB, TOMY JIOTO BUBiIbHEHHs 3i
cxinany 1B npaktiyHo He BinOyBaerbca. BogHouac, y piukax 6aceitny ITpu-
IUATI, SKi XapaKTepU3yThCs BUCOKMMM IIOKa3HMKaMI BMiCTy TYMYCOBUX pe-
YOBMH, KOHI[eHTpallisl pO3YMHEHOTO a/loMiHilo, 3a3B1yaii, Bucoka [30]. [Tosc-
HIOETbCA 1ie TUM, 110 Al(III) akTMBHO 3B’3y€TbCS B KOMIUIEKCH 3 TyMYCOBUMMU
PEeYOBMHAMY i, KPiM TOTO, BOZIY OOTIOTHUX MAaCUBiB XapaKTepU3YIOThCA HOBOI
HU3bKMMU IToKasHuKamy pH, 1o crae nmpuunHoto mirpanii Al(III) 3 gonHux
BiZIK/Ia/jiB. AJIe X Iie He3HaYHa YacTKa a/JIFOMiHil0 IIOPiBHAHO 3 I0TO BMICTOM y
NOHHMUX Bifiklamax. [IpoTe migBuiennit BMiCT a/lllOMiHil0 y BOZTHOMY Ce€pefo-
BUILi MOXKe OyTy Hebe3IeyHNM 3 OISy Ha BICOKY TOKCUMYHICTD IIbOTO MeTa-
Ny B Tifpo6ioHTIB, 30kpeMa jyia pub. B kpaiHax HiBHIYHOTO perioHy Iis
npo6eMa CToiThb JOBOJI roctpo [36]. Ilepenycim Lie crocyeTbes anoMiHiio, He
3B’513aHOTO B KOMIUIEKCH 3 OPTaHIYHMMM JIiraHJjaMy, 30KpeMa 3 TyMyCOBUMMU
peuoBuHaMu [28].

binbia yactuHa pepyMy BUABMIACH CKOHIIEHTPOBAHOIO Y CKJIafi 3a/IVIII-
KOBOI i opraHiuHoi ¢paxiif, mo ckragae cymapHo maibke 71 % Fes.r, Tomy
JI0TO MirpalliiiHa 3/JaTHiCTb BifJHOCHO HeBucoOKa. I]e > cTocyernca i Kynpymy,
80 % AKOro BUABJIEHO Y CK/IA/Ii OpPraHiuHO] i 3a/IMIIKOBOI (paKiiiil, mpudomy
JIOMiHy€e opraHiuHa Qpaxiiis, 110 3yMOBJIEHO BMCOKUM BMIiCTOM OpraHi4HMX
pedoByH y cknafi IB KnuiBcbkoro BoJjoCX0BMINa, i mepeyciM ryMycOBUX pe-
YOBUH, IIOPiBHAHO 3 iHIIMMM BOJOCXOBMIAMI JIHIIpOBCbKOro Kackany. Of-
HaK B aHaepoOHMX yMoBax ¢epyM mirpye 3 JIB 3aBpsaku Tomy, mo marxe 30 %
JI0TO MiCTUTbCA B OKCU/HIN Ppakiii. B pesynbraTi itoro KoHIjeHTpallid y BOfi,
10 KOHTAKTYe 3 [IB, moMiTHO 3pocTae. Bona Mo>ke O6yTi HaBiTh 6i/1bI1I0I0, HIX
koHueHTpanisa Mn(II), ockinbku BMicT dpepymy y [IB He3piBHAHHO 6inbLimit.

MaHraH BUABJ/IEHO TOJIOBHVMM YMHOM Y CK/Iafli IIepLIMX TPboX (pakiiil (B
cyMi 11e CTaHOBUTD 96,2 % Mnar), [0 CBiYNTD PO MOTEHIITHO BUCOKY J10TO
MirpaniifHy 3[aTHICTb IIpyu 3MiHi MiHepamisanii i pH Bogu, fiKa KOHTaKTye 3
[1B, ta rpuBanomy fediunti O, y IpuOHHOMY rOpU30HTI. 3HAYHOIO MipOIO 11e
Y3TOIKY€ETbCAA 3 6AraTOUMCENIbHYMY pe3y/IbTaTaMM JOCII/PKeHb iHIINMX aB-
TopiB [13]. 3a ymoBM TpmBanoro napofocTaBy Ha KuiBcbkomy BopmocxoBuIi
B3UMKY i pOpMyBaHHA aHaepPOOHMX YMOB Y IIPU/JOHHOMY TOPM30HTI KOHIIEHT-
panist Mn(II) y Bogi Moxke 3poctaty o 0,8 Mr/aM’ 3a paxyHOK HaIXO>KEHHS 3
B [27]. OpHak e Mo>xe BifOyBaTuCh i BIIITKY Ha AUIHKAX 3 iHTEHCUBHUM
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Puc. 4. Posnionin MetaniB Mix pisHumu ¢paxuismu [IB cepefHbol Ta HIXKHBOI JiLAHOK
KwuiBcbkoro Bogocxosuia, 2010 p. Koxuenrpauii MetasiB y cxaagi 1B (Maar), MKL/T cyxol
macu: Al — 5790—24 600; Fe — 3300—27 200; Mn — 22,5—862; Cu — 21,8—38,4; Cr —
22,8—49,4
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Puc. 5. B3aeM03B’30K MK KOHIIEHTPAI[€l0 PO3YMHHMX MaHTaHy (Mnpe.) i depymy
(Feposs) Ta BMicTOM O y Boai HYDKHBOI AinsgHky KuiBcpkoro BogocxoBmina (a) i rupnia

p. Hecuu (6)

PO3BUTKOM (iTOIIAHKTOHY, KO/IM BOJja ¥ IIOBEpPXHEBOMY TOPU3OHTI IlepeHa-
C/YeHa KVICHEM, a y NPUAOHHOMY Iapi BuHMKae fediunt O, Ta XapakTepHi
nopisHAHO HM3bKi Benmmunuy pH i Eh-motenniany. BapTo 3asnaunty, mo mMix
NIOKa3HMKAaMM BMICTy pO3YMHHMUX MaHTaHY (Mnpos) 1 pepymy (Feposs) Ta O y
BOJi iCHye B3aeMO3B 30K, ajle BiH, 3a3BI4ail, HeJIIHITHOTO XapakTepy (puc. 5,
6). Jlinis Tpenny Bignosimae abo excroHeHujianpHii (puc. 5, g, 6), abo 1o-
JTiHOMianbHiN (puc. 6, a, 6) Kpusiit. Bernunna anpokcuMarii ninii TpeHpy cra-
HoBUTH 0,72, 0,78 1 0,51. 3rigHo mkanu Yengoka, 11i BeIMYNHY BKa3ylOTh Ha
HaABHICTb MX JOCTIIKyBaHNMIY TOKa3HNKAMM BUCOKOI cun 3B A3Ky. [Tomit-
Ha ciIa 3B’A3Ky Oy/a XapakTepHo I ¢epymy, a I XpoMy i amomiHio it
IPaKTUYHO He icHye. [JepinT KMCHIO IPaKTUYHO He BIUIMBAE HAa MirpariitHy
3[IaTHICTh OCTaHHIX IBOX METaJIiB, PO IO JIIJIa MOBA BUIIIE.
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Puc. 6. B3aeM03B’5130K MK KOHI[EHTPALIi€I0 Mposy (@), Feposu (0), Crposy (8) 1 Alposy (2) Ta
BMmicrom O2 y Bogii o3ep cucremn Oneuenb, M. Kuis

binbire 80 % xpomy 6y10 30cepefkeHO B OpraHivHill i 3annIkoBii ppax-
1[iAX, TOMY BipOTifIHiCTb J10TO HaIXOM>KeHHA 3 [IB c/ijy OLliHIOBAaTH K HU3bKY.
JIume B aHaepOOHNX YMOBAaX MO>K/IVBE He3HAUHe BVMBIIbHEHHA XPOMY 3 OK-
cupHOI ¢pakiii (10ro JacTKa B Hill CTAHOBUTH y cepefHboMy Maipke 20 %
Criar).

3a pediunTy pO3YMHEHOTO KMCHIO Yy IPUAOHHOMY IIapi BOAM Mnpes i
Feposs CIIOUATKy HAKONMYYIOThCA Y HOPOBilt Bofi [IB, a motim gudyHpyoTs y
IPUJIOHHY BOJy. [XHE TOja/iblle MOMMPEHHs y BEPXHi Iapu BOmuU Bifi0y-
BAa€TbCA 32 YMOBU (GOpMyBaHHA B HUX Aedinuty O..

Ocobnusocmi micpayii memanie 3 []B manux 6000tim ypbanizosanoi mepu-
mopii. Mani BopoiiMu yp6anizoBaHoi Tepuropii, 3okpema i1 M. Knesa, moc-
TiifHO 3a3HAIOTh AHTPONIOTEHHOTO BIUIMBY, L0 IPOSB/AETHCS Y 3a0pyAHEHH]
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Puc. 7. Posnopiin MetaniB Mix pisanmu ¢pakuismu B 03. Bepbroro (M. Kuis), % Maar,
mito 2017 p.: I — obminna ¢pakuis; 2 — xapboHaTHa; 3 — OKCHAHA; 4 — OpraHid-
Ha/cynbéinHa; 5 — 3anumkosa ¢ppakuia. Konnentparii Meranis y cknapi [1B, Mkr/r cyxol
macu: Al — 4950, Fe — 10500, Cu — 39,5, Mn — 310, Cr — 490

iXHIX eKoc1cTeM 610TeHHMMM Ta OpPraHiYHMMI PEeYOBMHAMH, & TAKOXK CIOJY-
KaMy MeTasliB. IIeBHe 3aHENIOKOEHHA BUK/IMKAE 3pOCTaHHA MiHepaisalil Bo-
iV 4epes MMPOKe BUKOPMCTAHHA COJIell B3UMKY UL 3HIDKEHHA 00/IefleHiHHA
By/IULb i fopir. [I/1g TakMX BOLOMM XapaKTepHa TpMBaja TeMIlepaTypHa i Kuc-
HeBa crparudikaris, gediluT po3YMHEHOTO KIUCHIO, [0 HETATVBHO BIUIMBAE
Ha IXHiJl €KOJIOTiYHMI cTaH. BHAaCIiIOK IbOT0 Y TaKMX BOLOVIMaX BTOPVMHHE 3a-
OpynIHEHHs BOJHOTO cepefjoBMIIa 3a paxyHOK [IB crtae gemani yacrimmm sBu-
1[eM, 0COO/IMBO B yMOBaxX MOTEIVIIHHA KTiMaTy. B HUX 3pocTae KOHIeHTpallis
0iOTeHHMX 1 pO3UMHEHVX OPTaHIYHUX PEYOBVH Yepe3 IHTeHCUBHIIT PO3BUTOK
(IiTOITAHKTOHY, @ TAKOK iICTOTHO MOTiPIIYEThCA CTaH KUCHEBOTO PeXXuMy. Sk
NPUKIAJ, HIDKYE HaBeJEeHO JaHi CTOCOBHO PO3IOJINY MeTaliB MK pisHUMMU
dpaxuissvmu [IB 03. BepoHoro (puc. 7).

Axiy 1B 3 KuiBcbkoro BofocxoBuIIa, 6ibiry yacTuHy anoMiHio y J1B o3.
Bep6HOTO 6y/10 BUABNIECHO y CK/Iafi 3aMMIIKOBOI PpaKIlii, 0 YHEMOK/IUBITIOE
Jioro mirpariiio 3 ixupboro ckaapy. [lepepakHa yactuHa dpepymy 30cepesiKeHa B
oKcupHiit ¢paxiii, TOMy B aHaepOOHMX YMOBaxX BiH 3aTHMII OOMIHIOBATHCh
Mk JIB i Bojorw, mo KoHTakTye 3 HuMM. Mirpania kynpymy 3 JIB mano-
BipOrifjHa, OCKIIbKM 3Ha4Ha YaCTIHA [JbOT0 MeTaly 3HaXOAUThCA B OpTraHiYHiN
i saymkoBiit ppaxuiax. Maibxe 60 % MaHTaHY BUABJIEHO B OKCUAHIN ¢paxiiii,
TOMY BiH aKTMBHO HagxoauTb 3 B 3a TpuBanoro gedinury O, y mpumoHHii
BOZi Ta pOpMyBaHHA aHaepOOHMX YyMOB. MOOINIbHICTD XpoMYy, fAK i KynpyMmy,
HI3bKA, OCKIIbKY BiH 30CepEeIKEHMIT TePEBAXKHO Y 3a/IMIIKOBIN i OpraHiyHin
¢pakuiax. Ha migcraBi orpuMaHux pes3ynbTaTiB HaMU OLIiHEHO IOTEHIHY
6i0OCTYIHICTD HOCIIKYBaHUX MeTa/liB: BOHA IIOPIBHAHO HU3bKA IS ajlio-
MiHilo, KyIIpyMy i XpoMy i ZOBOJIi BUCOKa /11 MaHTaHy i pepymy.

TuM He MeH1IIe, BOfoIIMU ypOaHi30BaHOI TepUTOPil MOTPEOYIOTH MOCTiil-
HOI yBary o HUX 3 OOKY HOCIIIHNUKIB y 3B’A3KY 31 3MiHaMM XiMi4HOTO CK/Iafy
BOJM BXKe Temep. BogHouac ix cij posrasamaTi SK OIPUPOJHI IOMITOHM I
BUBYEHHs IIPOSIBY PiSHMX YMHHMKIB i porieciB, sKi B HUX Biff0yBarOThCsA i AK
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BOHI BIIIMBAIOTh HAa MirpalliifHy 3[JaTHICTb PEYOBMH, Y TOMY YMC/Ii META/IIB, y

IIB.

BucnoBkn

OT>xe, OHHI BifiK/Iagy MOBEPXHEBMX BOJHMX OO’€KTIB — Ije BaK/IMBa
KOMITOHEHTAa BOJTHIX €KOCUCTEM, SIKa iCTOTHUM YMHOM BIUIMBAE Ha IXHil CTaH,
HepefyciM Ha XiMiUHUII CKIafi BOJHOTO CepelOBUINA Ta PO3BUTOK i (PyHK-
1[iOHYBaHHA TifpoO6ioOHTIB. 3 0HOrO OOKY, JOHHI BiIKIafM HAKOINYYIOTH Y
CBOEMY CK/Ia/li PISHOMaHITHI XiMi4Hi p€4OBMHN, y TOMY YMCJIi M€TaJIN, CIIPU-
104Y OYMILEHHIO BOJY, a 3 IHIIOTO — MOXXYTb BUCTYIIATH CEPIIO3HUM JIKepe-
JIOM BTOPMHHOTO 3a0pyZHEHHs BOJHOTO cepefjoBuIIa 3a GopMyBaHHS BifIo-
BiJHMX YMOB, fKi CIPUSAIOTH Mirpallil pe4oBUH 3 JOHHUX BiK/Ia/liB.

Cepep, HallBaX/IMBIIINX YMHHMKIB, SIKi BIVIMBAIOTh HA Mirpaniiiny sgar-
HICTb M€TaJIiB y CCTeMI «JOHHI BilK/Iajl — BOJa», BapTi yBaru CTaH KMCHEBO-
rO peXXIMY, 3MiHa MiHepai3alil Bojy, HagBHICTb OpraHiYHUX PEYOBMH Y BOJI
Ta ixHs crieundika, pH Boay i OKMCHO-BiHOBHMIT IIOTEHIIia Ta HesKi 1HII.
OpHak Mirpaiiia MeTajliB 3 JJOHHMX BifIK/IaJjiB 3a/IeXXKUTh 3HAYHOIO MipOI0 Bif
¢dhopM IXHBOTO 3HAXOMKEHHA Y CK/Iaii ocTaHHiX. CaMe BOHM BU3HAYAIOTh Mir-
paLiiiHy 37aTHICTh METATIB Ta IXHIO 610JOCTYIIHICTD /IS BOGHMX OpraHi3MiB. 3
niei nmpyunHM O6y1u po3pobieHi cxeMy BUTy4eHHA METAIIB 3 JOHHNX BifiKIa-
ZliB 3 BUKOPUCTAHHIM PiSHOMaHITHUX XIMIYHMX peareHTiB. BoHM MOXyTb Oy-
TV IUATUCTA[IIHUMIY, YOTUPUCTAZIIHMMY, @ B OKpPEeMUX BUIIAIKaX — HaBiTbh
mecTucTafiiaumu. I aTnucragifiHa cxema eKCTparyBaHHS MeTaJliB 3 JOHHUX
BifikIaiB mepenbayae oTpuMaHHs 1 ATH Gpakiiilt — TOHO0OMiHHOI, Kap6o-
HaTHOI, OKCUJJHOI, OpraHiyHoi/cynbdifgHoi i 3ammmkosoi. MeTanu, 110 3Haxo-
IATBCS B IEPUINX JIBOX (PAKIifAX, XapaKTepU3yIThCS HailbimbIIo0 Mirpa-
Li/THOO 3[aTHICTIO, OCKI/IbKY ITpy 30i/IbIIeHH] MiHepani3awii Boxu (KOHIJeHT-
pauii comeit y Hiit) Ta 3HV>KeHHI pH BOHU BUBIIBHAIOTHCS 3 JOHHUX BiIK/Ia/iiB
Y BOJIHE CepefloBMIIIe i CTaI0Th 6i0[OCTYIIHMMY JyIA ACUMIIALT BOZHUMMU Op-
raHismMamiu. [lelo MeHIIOK MirpanifHo0 3[JaTHICTIO XapaKTePU3YIOThCA Me-
TaJIM, SAKi 3HAXOAATCA y cknaji okeurifgpokcupis Fe(I1I) i Mn(IV), To6T0 B 0K-
cupHil Gpakuii. [xHe BuBinbHEHH i3 3a3HaYeHOT PpaKIlii cCTae MOXIMBUM 32
TPUBAJIOro feillnTy pPO3YNMHEHOTO KIICHIO Y IPUIOHHIN BOfL. 3a TAKMX YMOB
BinbyBaerbcs sHbkeHH:A pH i Eh-norenuiany, a B cucremi «1oHHi Bigkmagym —
BOZa» (POPMyeTbCA BiHOBMIOBaNIbHe cepepoBuine. HajiMeHmow mirpariit-
HOIO 3/JaTHICTIO XapaKTepU3yIOTbCA METaNN y CKIajii opraHiuHoi/cynbgifHol
Ta 3/IMIIKOBOI pakiit. [I/11 iXHbOTO BITy4eHHA HeoOXifiHi )KOPCTKi yMOBH,
AKi, 3a3BMYall, He MAIOTb MICLIsl y IPUPOJHOMY BOZHOMY cepefioBuili. Tomy
6i0ZOCTYIHICTD TaKMX METATIB 3a/IMIIAETBCA Ay>Ke Hu3bKow. CrTif 3ayBakn-
TY, L0 PO3IOAIT MeTajliB MK 3a3Ha4eHVMM Bulle QpakiisiMy JOHHMX Bifi-
KJIaiiB 3aJIeXKUTb TAaKOXK BiJ IXHIX XiMi4HMX BJIACTMBOCTEN Ta CIiBiCHYOYMX
($bopM Y BOTHOMY CepeTOBMUIILI.

SIK MOKa3y0Tb pe3yIbTaTH HAIIUX JOCTiKEHb, HAlOIbIIO0 Mirpariii-
HOIO 3JJaTHICTIO, a BiJITIOBifAHO, i 6iOJIOCTYHHiCTIO XapaKTepU3YETbCA KaMiil,
60 3HaYHA JIOTO YaCTVHA KOHLEHTPYETHCA y CKIAJi MEepUINX TPbOX PpaKIii
NOHHUX Bifknanis. Halimenma mirpaniiiHa sgaTHICTb XapaKTepHa Il ajlio-
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MiHil0, KyIIpyMy, XpOMY, IUTIOMOYMY, OCKi/IbKY 3HaYHY IXHIO YaCTVHY BUSBIIe-
HO y CK/IaJii opraHiyHoi/cynbodifHoi i 3ammnuikoBoi ¢ppakuiit. [Ipudomy e 6yno
BCTQHOBJICHO Ha NMPUK/IaZli PiSHOTMIHMUX BOZHMX 00’ekTiB. [IpomMi>kHOO Mir-
PaLiIHOIO 3[JaTHICTIO XapaKTepMU3yITbCs pepyM, MaHTaH Ta MeTaIu, AKi Oynin
ajpcopboBaHi Ha moBepxHi okcuaiB i rigpokcupis Fe(III) i Mn(IV), 30kpema
IIVHK 1 4aCTKOBO KaaMiii, K06anbT i mmoM6oyM. CIpUATIMBUMIY JyiA IXHBOTO
BUBINIbHEHHS 3 JOHHMX BiK/Iafii cif posrisafaTy aHaepo6OHi ymosu. BogHo-
Jac 3a TPUBAJIOTO IIPOSBY aHAepOOHNX YMOB y NIPUOHHOMY TOPM30HTI BOY
MOXKe 3pOCTaTy KOHILIEHTpalis Cynbdin-ifoHiB, TOMy MirpauiiiHa 3aTHICTH
MeTaJliB MOJKe iICTOTHO 3HVDKYBATMCh Yepe3 YTBOPEHHS iXHIX MaIOPO3YNMHHNX
cynboinis.

[Tpo6ema BTOPUHHOTO 3a0pyJHEHHA BOJHOTO CepeOBUINA PiSHOMAHIT-
HVMMY XiMiYHMMI pe4OBMHAMMY, Y TOMY YMC/Ii M€TaIlaMM, CTA€ JOBOJIi aKTyajIb-
HOIO B YMOBaX KTiMaTUYHUX 3MiH, AKi HUHI Biff0yBaroTbcA i BinOyBaTMMyThCA Y
MaitOyTHbOMY, OCKI/IbKY caMe BOHM iCTOTHO BIUIMBAIOTh Ha XiMi4HMII CKJIaf
BOJIVI TIOBEPXHEBUX BOJHMX 00’€KTIB Ta HA PO3BUTOK SIK POC/IMHHMX, TaK i TBa-
PVHHUX BOIHUX OpraHi3MiB. ¥ BofioiiMax (popMyIOTbCA HEraTUBHI ABUIIA, TIO-
B’sI3aHi 3 TEMIIEPATyPHOIO i KMCHEBOIO cTpaTudikali€ro, 30i1bIIeHHAM BMICTy
corei (Tak 3BaHe OCOJIOHEHHS IPiCHMUX BOJ), 3pOCTAaHHAM KOHI[eHTpallii op-
FaHiYHNX PeYOBVH BHACIIIOK aKTMBi3alii po3BUTKY (iTOIIAHKTOHY TOIIO.
Tomy 1151 mpo6ema oTpebye MpOBefIeHHs IOCTITHNX MOHITOPYHIOBYX OC-
JTIKeHb AKOCTi BOAM Ta 3’ ACYBaHH:A NpWYNH ii noripimeHHs. PesynpraTn foc-
TimKeHb (QPaKIiTHOTO CKIagy MeTaliB y JOHHUX BiK/IalaXx MOXYTb OyTu
BOXIVBUM III'PYHTAM I OLiHKM IXHBOI MirpaniitHoi 3gatHocTi i 6iofoc-
TYIIHOCTi, @ TaKOXX IOTEHIiIHOI 3arpo3n /1A pO3BUTKY i QYHKIIOHYBaHHSA
Tifpo6ioHTiB.
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MIGRATION CAPACITY AND BIOAVAILABILITY OF METALS IN BOTTOM
SEDIMENTS OF SURFACE WATER BODIES (CHEMICAL AND
ANALYTICAL ASPECTY)

The article summarizes the results of research on the coexisting forms of metals (Cd,
Pb, Mn, Co, Cu, Zn, Fe, Cr, Al) in bottom sediments of surface water bodies of various ty-
pes, in particular reservoirs of the Dnieper cascade and small reservoirs of the urbanized
area (for example Lake Verbne), which are located within the Kyiv city. Ion exchange, car-
bonate, oxide, organic/sulfide and residual (which includes metals found in the crystal lat-
tice of minerals) fractions were obtained using the five-stage extraction technique. It is
shown that the distribution of metals between the specified fractions is significantly diffe-
rent, which is due to the chemical properties of metals and the type of bottom sediments.
Most of the cadmium is concentrated in the first three fractions of bottom sediments, and
therefore it is characterized by the greatest migratory mobility. An increase in water mine-
ralization and a decrease in pH values in the bottom horizon are the most important factors
that contribute to the migration of cadmium from bottom sediments. Therefore, this metal
should be considered as potentially bioavailable to aquatic organisms. The lowest migrati-
on capacity is characteristic of aluminum, copper, chromium, and lead, which are found
mainly in the composition of organic/sulfide and residual fractions. The migration of these
metals from the bottom sediments will take place under harsher conditions; the probability
of their occurrence in the natural aquatic environment is quite low. Therefore, these metals
belong to the category of little available for hydrobionts. Iron and manganese, as well as
those metals, the share of which is quite high in the composition of Fe(III) and Mn(IV)
oxyhydroxides occupy an intermediate position. Zinc and partly cadmium, cobalt and lead
belong to this group of metals. The migration of these metals from the bottom sediments
increases significantly with a long-term lack dissolved oxygen deficiency in the bottom ho-
rizon and the formation of anaerobic conditions. These research results are relevant in the
context of climate changes which are taking place now and will continue in the future, as
the risk of secondary pollution of the water environment of surface water bodies by various
chemical substances, including metals, due to their migration from bottom sediments is in-
creasing. Deficiency of dissolved oxygen in surface waters, salinization of fresh water, inc-
rease in the concentration of organic substances, decrease in pH and Eh-potential in the
bottom horizon of lakes and reservoirs contribute to the increase of secondary pollution of
the aquatic environment by metal compounds. The acuteness of this problem makes it ne-
cessary to conduct such research in today’s conditions.

Key words: metals, bottom sediments, metal coexisting forms, migration ability, and
bioavailability.
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