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TEOXIMIYHA TPAHC®OPMAIIS OB’CKTIB JOBKLIJISA B MEJKAX ITOJIITOHIB
3AXOPOHEHHS TBEPIMX TOBYTOBUX BIAXO/IB (HA IIPUKJIAI MICTA
KHCBA)

Ilpeocmasnene docniodicents npucesyeno U8UeHHI0 2eoXimiunoi mpancghopmayii K10408UX 06 €KMI6 HABKOMUUHBO20 NPUPOOHO2O
cepedoguwya (IpyHmu, nogepxmesi ma nio3emMHi 600U) 8 MedCcax NONICOHIB 3AXOPOHEHHS mEepoux nobymogux 6ioxodis. 06 ckmom
docnioacenns obpano Kuiscoruii nonieon Ne5, wjo posmawiosanuii nenooanix cmonuyi. Ochosnuil paxmuunuii mamepian, noxiaoeHuil
6 ocHogy cmammi, Oyno ompumaro asmopamu npomszom 2018—-2020 poxie nio uac npogedeHHs KOMIIEKCHUX NOAbOBUX €KOL020-
2EOXIMIYHUX O0CHiOdHCeHb. Memoio pobomu 6yn0 GU3HAUEHHS 2eOXIMIYHUX, 30KpeMa @i3uKo-XIMIYHUX, 0COOnUGOCMmell IPYHMOBUX
BIOKNIAOIB y MeHCax NONICOHY, WO HAOALO 3MO2Y OYIHUMU 3AXUCHI 61ACMUBOCTI IPYHMIE NO BIOHOUWEHHIO 00 BWIUBY MEXHOSEHHUX
Mmemanie. Taxoow OYn0 6UHUeHO CMAH NOGEPXHEBUX (CMABOK HA MEPUMOPIL NOAI2OHY) MA IPYHMOBUX (CEEPONOGUHI HA NPUCAOUOHUX
Oinaukax c. Ilioeipyi) 600, BUKOHAHO NOPIGHSAHHA OCHOBHUX HNOKA3HUKIG XIMIYHO2O CKIAOY 3 EPAHUYHO OONYCMUMUMU
KOHYEeHmMpayiamy, SU3HAYEHUMU HOPMAMUBHUMU OOKyMeHmamu. 3’aco8ano, wo y 00CaioAHCy8anux IpyHmax iOMi4acmucs GUCOKA
KOHYEeHmpayis 6axiCKux Memanie, nog si3anux i3 Qpakyiero 1eeko0OMIHHUX IOHIB, A MAKOIC NIOBULEHUTI BMIC 8000PO3UUHHUX (POPM.
Bcemanosneno ocnosui micpayiiini popmu Makpo- ma MikpoeiemMeHmis y IpyHmosux po3uunax. Busgneno, wo 015 8axdcKux memainié
XapakmepHuMu € 8ilbHi 2i0pamoBani KAMioHU Mma Meman-opeaniyHi Komniexcu. s IpyHmogux 600, Wo 8UKOPUCIOBYIOMbCS Ol
numHo2o 800ocnodicusanns Hacenenus c. Ilioeipyi, Oyno 3aghixcoeano nepesuiyeHHs cpaHuyHo OONYCMUMUX KOHYeHmpayil 3a
OKPEMUMU NOKAZHUKAMU, 30KpeMa 3d HImpamamu, a makoxic eioxuients 6io ecmanosienux nopma 3a Ba, SO4, Fe, Mn, Co, Ni, Mo,
Pb. /Ins 600 cmaska, wo posmauiosanuii Oe3nocepeonbo Ha mepumopii nonicoHy, XapakmepHi 3HaA4Hi GiOXUNEHHS 8I0 HOpMU 3d
emicmom Fe, Mn, Ni, Ti, V, Cu ma Zn. ¥V pe3ynvmami npoedeno2o 00CuiodxcenHs O)y10 BUABNLEHO, WO 8 MeNCAX mepumopii nonicony
CKAANUCS CRPUAIIUGT YMOBU 0151 YMBOPEHHS MODINbHUX (YOPM MOKCUYHUX elleMenmie ma ix mizpayii 00 nogepxuegux ma IpyHmMosux
800.

Kniouosi cnosa: eoximviuna mpancghopmayis, mexHoceHni Memany, IpyHmu, HOBEPXHeai 600U, IPYHMOGi 800U

Beryn. TlpoGiema po3poOKH ONTHUMANBHOI CHCTEMH — TIOBOJDKCHHS 31 CMITTAM € MiHiManbHuM [1]. YV Oumbimocti
TIOBO/DKEHHS 3 KOMYHAIBHUMH BiIXO/IaMU € HaJ3BUYAHO  KpaiH, II0 PO3BUBAIOTHCS, SIK BJAaCHE BIIXOAM, TaK 1
aKTyaJIbHOIO Yy CBiTI 1 HOCHTH TJI00AJNbHMM XapakTep. METOOM YTWmi3auii CHpoi CHPOBHHH, CHPUYUHWIIN
Jloctyn HaceneHHs 10 HaliHHUX TMOCIIYT i3 MOBO/KEHHS 3~ CEpHO3HI  MOPYIIEHHS  EKOJIOrO-T€OXiMiYHOrO  CTaHy

BiIXoJaMH Bce ImIe OOMEXeHHWH Yy KpaiHax, IIo
PO3BHBAIOTHCS, a TAaKOXK Yy KpaiHax 3 IepexiJaHoI0

KJIFOUOBUX KOMIIOHEHTIB JOBKULIA (IPYHTH, MOBEPXHEBI
Ta MiJ3EMHI BOIU, POCIHHHICTH, aTMOC(EpPHE MOBITPS).

eKoHOMiKor. Haifuacrimie HeHale)XXKHI METONU YTHITi3amii
CMITTS, TaKi SK BIJIKpUTE CKUJIAHHSA abo CIIaJIIOBaHHS,
MaloTh Miclle y CUIbCBKIH MicHeBocTi. SIK mokasye
caMe B MEXaxX TaKhX aJMIiHICTpaTHBHUX
OMHWIIL  CKIQJAIOTHCA  BIAMOBIAHI ~ YMOBU  JUIA
HEMPUIHATHUX 3 €KOJOTIYHOI TOYKU 30pY 3aXOJiB OO
MTOBOJDKEHHS 3 TBEPIUMH MOOYTOBUMH Bimaxomamu (mai
3a Tekctrom — TIIB). Lle moB’s3ano 3i cnenudikoro
Opraisaiii MICBKOIO CaMOBPSIYBaHHS Yy HCBEIUKUX
HaceJIeHUX KOHTPOJIb 32 CHUCTEMOIO

IpaKTHKa,

MyHKTaxX, Jie

Ile mpu3Beno mo aerpazaanii abiOTHYHHUX Ta OIOTHYHHX

KOMITIOHCHTIB ~ €KOJIOTIYHHUX  CHCTeM  IMX  KpaiH.

yTUITI3aI1
BIAXOMIB, @ TAaKOX BIACYTHICTh KYyIbTYpPH COPTYBaHHI

Henockonani  cucremu HPOMUCIIOBHX
noOyTOBOrO CMITTSl CTajl CEepHO3HOI MNpoOIEeMOI0 Y
CIJIbCBKHMX  TIOCCNICHHSX, HaMiBMICBKMX paioHaX, a
noAekynu 1 y Bemukux Micrax. L{i ¢akropu 3Ha4YHOIO
MIpOI0  CHPUYUHWIIM  3a0pyJHEHHS
CcepelloBUILlA Ta TMOTIPIICHHS EKOJIOTii.

MPUYMHAMH TaKoOro KaTtacTpogivuHoro crany daxisii

HaBKOJIMIIHBLOTO
OCHOBHUMU
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BBXAIOTh HEAOCTATHIO IOIH()OPMOBAaHICTh HACEIEHHS, a
TakoX AedinuT cydacHux 3acodiB yrwmizamii TIIB. Jlis
KpaiH, II0 PO3BUBAIOTHCS, XaPAKTEPHUM € TaKWH CKIIaj
MOOYTOBHX BIAXOMAIB: IMOOYTOBE Ta OpraHidyHE CMITTS,
JIUCTS TiJIKY, 3ilcoBaHa
CLIBCHKOTOCIIONApChbKa  MTPOIYKIIs,
MTOJTICTUJICHOBI MTAKEeTH, TAHYIPKU, aBTOMOOUIBHI BiIXOJIH,
BiJNpanboBaHi IIWHM, OyJiBEJIbHE CMITTS, IUIacTMAaca,

pociuH, KOJIOIH,

LIIMAaTKU  Tamepy,

CKJIO, KpOB, KICTKM Ta IIKipa TBapWH, BHKOPHCTaHI
MenuuHi MaTtepiany tommo. Koiu i Bigxoau HelpaBUIIbHO
YTUITI3YIOTHCS, SIK TIPaBHUJIO, BOHM CTAHOBJISATH 3arpo3y SIK
JUTSL TUKOI TIPUPOJW, Tak i s jroauHu. Komu crivni
Bomy, TIIB Ta TOKCHMYHI pPEYOBHHHM HE YTHII3YIOTHCS
HaJIS)KHUM BUHHMKa€E 3arpo3a BHHUKHEHHS
emiieMiil Hebe3meuHux XBopoo [2].

OTKe, BUBYEHHS EKOJIOI'O-T€OXIMIYHOI'O CTaHy, a
TAKOX  TeoxiMiyHOi  TpaHchopMalii  KOMIIOHEHTIB
JIOBKIJUIS TEpUTOpid, M0 mNepe0yBaroTh il BILITMBOM
PI3HOMAHITHUX BUKHUIB, MOB’s3anux 3 TIIB, € myxe

YUHOM,

akTyanbHUM. B Vkpaini Hamiuyerbcs Onm3bko 6 THC.
CMITTE3BAIHII 1 TONITOHIB 3arajbHOI0 ILIOLICIO MOHAA 9
tuc. ra. Tinbku 3a 2019 pixk y Hawmiii kpaini Oyio
yTBOpeHo Maiike 53 miH M (monaz 10 MitH T) T06yTOBHX
BimxomiB. KilbKICTh TIepeBaHTaXCHUX CMITTE3BAJIHII]
Hapasi craHoBHTH 258 (4,2%), a 905 momiroHiB (15%) He
Bi/IMIOBIIAIOTH CaHITApHO-TIri€HIYHUM HOpMaM Ta HOPMaM
eKonoriyHoi Oe3reku. BapTo Takok 3a3HAYMTH, IO
OIIBIIICTH TOJIITOHIB OyJI0 00JIaIITOBaHO O€3 ITPOBEACHHS
HEOOXiTHUX 1HXEHEPHO-TeOJIOTIYHUX OOIpyHTYBaHb. Lli
CMITTE3BASMIA € O00’€KTaMU IIOTEHLIHHOI CcoLialbHOT
€KOJIOTIYHOi Ta eKOHOMIYHOI 3arposu. SIKmo y Kpainax
€Bporeiicbkkoro Coro3y BIPOBAKCHO PO3JUTHHUNA 30ip
TIIB, mo cnpuunnsie nepepodky 70% 3 HUX, To B YKpaiHi
nepepobnsieTsest nume 4% Takux BiaxomiB. Yce 1e
MIPU3BOJUTH JIO TOTO, IO y MEXKaX SIK BJIACHE MOJIITOHIB,
Tak 1 y T[pwWwieraux 0 HHUX paioHaX, 3HAaYHHX
TEXHOTCHHMX 3MiH 3a3HAlOTh IPYHTOBI  BIAKIIAJH,
TIOBEpXHEBI IPYHTOBI ~ BOAM  HEIrJIMOOKOTro
a TaKoX 4Yacro JOKOPIHHO 3MiHIOIOTHCS

BO/IH,
3aJIATaHHs,
pOCIuHHI yrpynoBaHss [3, 4].

MeTor JOCTiDKEHHS € BHBYCHHS T'COXIMIYHOI
TpaHchopMarllii 00’€KTiB HABKOJHUIIHHOI'O CEPEIOBHIIA
(TpyHTIB, MOBEpXHEBHUX Ta MiJ3€MHUX BOJ) Ha OJJHOMY 3
HaWOUTBIIMX IONIroHiB Ykpainu mns yrumizauii TIIB —
Kuiscbkomy mostironi NeS.

Xapaxmepucmuxka mepumopii 00cniodiceHnsn

O0’€exTOM MPEACTABICHOrO IOCHTIHKCHHSI € OIuH i3
HalOIpIMX B YKpaiHi mojiiroHiB 3axopoHeHus TIIB —
KuiBcbkuii mosiroH Ne5, 1o po3TamioBaHHI HEMmoJalik
cromuii — B 11 KM Ha miBAEHb BiJ| Cy4acHOI >KHUTJIOBO-
MIPOMUCIIOBOT 3a0y0BH MiBJAEHHOT YacTuHU M. Kuesa Ta B
4,5kM Ha miBHIYHMKA 3axij Bin c. Benmki JImwutpoBuui
OO0yxiBCbKOTO paiiony obuacri,
OesnocepeHbO MO0NMKM3Y 3axiaHoi okonuui c. [Tiaripui, B

Kuiscbkoi

l1xm Binm nei. Ha 500M 3axigdilie TIOJIrOHY BXKe
npocTexxyerbesi KoHTyp ¢. Kpenuui. TIIB cknanytors y
MeXax IEeHTPaIbHOI YaCTHHU BOJOAIIBHOI OBEPXHI, SKa
3 MiBHOYI OOMekeHa XOIOCIBCHKOIO OalKOK ypouuina
Mapycun Sp. [Toniron ckiafaeTbes 3 IBOX MalaHUMKIB
ckiaayBanHs, Ha skux mig TIIB BiaBeaeHo mwonny
35,75 ra. 3aranpHa 1wioila nojiroHy ckianae 63,7 ra. Bin
OyB yBeneHudl B ekciutyaramiro y 1986 pomi. 3 ycix
BimxomiB M. KwmeBa (1,2 MimHT Ha pik) HA HBOMY
3axopoHtoeThest oHa 400 tuc. T. Hapasi Ha nonironi Ne
5 3axoponeno Omuspko 7 manT TIIB. 3a 35 poki
eKCIUTyaTallii HOTY)KHOCTEH MOJIrOHy BXKE HEJOCTATHbHO,
B HOro Tiji miJ [i€ro omajiB Hakonwdwecs ¢imbrpat. I3
2006 p. iime MoBa Npo TOBHE 3aKpHUTTA MOMiroHy NeS
Yyepe3 HOro KpUTHUYHMI EKOJOTIYHHN CTaH, HacamIepen
TOB’sI3aHMI 3 BHTIKaHHAM (QUIBTpaTy B 3€MIIO Ta
3a0pyIHEHHS HUM JIOBKIJUIS, MEPenyCiM IPYHTOBHX BOJI.
VYTiM #0oro ekcruiyaraiis OpPOAOBKYETbCS —AOTEIeEp.

Ilocnyru 3 3axoponeHHs TIIB Ha HbOMYy Hajxae
mianpuemMcTBo  «[IpuBaTHe  akIiOHEpHE TOBAPHCTBO
(ITIpAT) «KwuiBcneurpanc», 1Mo  yTHI3ye  IOHA[

mojgoBuHY BimxomiB Micra Kwuesa. ToOTo Ha m'siTuid
MOJNITOH TPUIAJA€  «ICBOBa»
YTBOPIOETHCS  BHACIIZIOK KUTTEISUTBHOCTI
micra [3, 4].

Ha rtepuropii nocnimkens ()OHOBUMH € TEMHO-Cipi
OITiA30JIEHI TPYHTH IIEPEBaXXHO Ha JIECOBUX IIOpOJAx.
Bonu cdopmyBanucs 3a yqacTio sSIK JEpHOBOIO IPOLECY

YaCTHUHa CMiTTH, 1o
HACCJICHHA

IPYHTOYTBOPEHHS, TaK 1 MiJ30JMCTOr0 B YMOBax
3pIIDKEHUX  OCBITJICHHMX JyOOBHX JIiCIB 3  J00pe
MOIIMPEHUM  TPAB’SIHUCTUM  MOKPHBOM. 3TifHO i3

CyJaCHUMH YSBJICHHSAMH, IIi TPYHTH YTBOPWIIACS TIiJ
IIMPOKOJIIMCTHMHU JIiCAMH Y TICIISIIbOIOBUKOBHN TIEPiof,
KOJIM JICCOBI MOPOMM IMMOYad IOCTYIIOBO BKPHBATHUCS
JIICOM i1 BIUTMBOM TaKuX OCHOBHHX
IPYHTOYTBOPIOBAJIBHUX IMPOIIECIB: T'yMYCOHAKOIMHUYCHHS,
aKyMymnAanii

BUJIYTOBYBaHHsSI KapOOHATiB 1 JIETKOPO3UMHHUX COJIEH,

GionorigyHol 30JIbHUX pEUYOBHH,
Mirpamii TYMYCOBUX pEYOBHH 1 IIPOAYKTIB PO3KIATY
MIHEpaJIiB, JIECH BaXKKI.

TemHo-cipi Omig30J€HI IPYHTH TOETHYIOTH Y cOOi
03HaK{ YOPHO3EMIB — 3HAYHY I'yMYCOBAHICTh, [TOPiBHSHO
BHCOKY HACHYEHICTh YBIOPaHUM KaJIblIi€M, CTPYKTYPHICTh
Ta PEJIKTU IisUTBHOCTI CTenoBoi (ayHu (KpOTOBHHM) i
O3HAaKd  MIiJ30JIUCTUX  IPYHTIB  (BUJIYXKEHICTh  BiJ
KapOOHATIB, TOMITHY KHUCJIOTHICTb, IIOPYUICHICTh Ta
NepeMillleHHsT KOJIOI/IIB Y HIKHI TOPU30HTH). Y 3B’SI3KY 3
MM iM BIIACTMBA T'yMYCOBO-EJIOBiasibHa Au(epeHLianis
npodinto. TumoBumMu MOpQOIOriYHUMH O3HAKAMH LIUX
IPYHTIB € 3HAa4YyHA aKyMYISIisi OpraHidYHUX PEYOBHH,
mudepenuianiss  npodiio,
IPYHTOBOTO ~ BOMPHOTO  KOMIUIEKCY
oOMiHHMM KanblieM i crabokucna (pH 5,5-6,0) peaxmist

€JII0OBlaJbHO-IIIOBIaJIbHA
HEHACUYEHICTh
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IPYHTOBOI'O pO3uMHy. TOBIIMHA Cy4acHOro IPYHTY B
pationi monirony Ne5 cranosuts 0,3-1,0 M.

3a JAHOUAPMHO-2eOXIMIUHUM DAUOHYBAHHAM
Teputopist moiirony NeS po3mimiyeTbcsi B 30HI  3i
3IATHICTIO /IO CAaMOOYMIICHHs Ta akymymsmii. Tlommupeni
ui JaHamadTy Ha JiecaX 1 KpUCTaNidyHMX mopojax. Y iX
MeXax 0o0pe BUSABISAETHCS HU3XIIHA 1 BUCXIIHA MIirpariis
XIMIYHUX €JIEMEHTIB, a TAKOX TUIONUHHUN 3MUB Ba)KKHX
METaJiB 3 TIPYHTOBMM HIapOM 1 PO3BAaHTaXEHHIM
IPYHTOBUX BOJ Yy 3HIKEHIH dacTuHi penbedy (HomuHM
pidok, aHO spiB). Lli mpouecu CHpHAIOTH OYMINEHHIO
JMaHAMA(TIB BiJ] TEXHOICHHOrO 3a0pymHEeHHs. Pasom i3

TAM JIaHAMA(pTH IHOr0 KIacy 3a3HAIOTh 3HAYHHUX
€KOJIOrO-T€0XIMIYHHAX HaBaHTaXE€Hb YHACITITIOK
3a0pyIHCHHS Ba)XXKHMMU MeETajaMd 1 TOKCHYHUMH

PEYOBHHAMH, IO HAAXOAATH Y JOBKILIA 3 Bigxomamu [S].
Memoouka oocnioxycenus
Iporsirom 2018-2020 pokiB y miBHIYHO-3aXiHIN
MOJIITOHY

YaCTHHI aBTopaMd  OyJ0  TIPOBEIEHO

PEKOTHOCIMPYBANIbHI CHOCTEPEXEHHS 3 BiOOpOM Tpod
pI3HMX KOMIIOHEHTIB HABKOJMIIHBOTO CEpPEeOBHIIA,
30KpeMa IPYHTIB, MOBEPXHEBHX Ta IiJI3€MHUX BOJ.
[IpoGoBinOip Oyno 3AIfiCHEHO Y3IOBXK TONEPEYHO-
MO3JIOBXXHBOTO  Tpodimo  Ha  I'STH
MallaHYMKax, 10 MPUYpPOYEHi J0 Pi3HHX JaHAnadTHO-
reoxiMiuHMX 30H. 3pa3ku IpyHTy Oyjio BigiOpaHo 3
BEPXHBOI 4YacTHMHH rymycoBoro ropuszoHty (0-10 cm)
METOAOM KOHBEPTY 3TiJHO BHMMOT HOPMAaTHBHOTO
nokymenty JICTY ISO 10381-2:2004 «Skicte rpyHTY.
Binbupanus npo6. Yactuna 2. HacranoBu 3 MeToniB
BiOupaHHs npod». [Ipobu BinOMpanucs iHCTpyMEHTaMHU,
o He JIOCIIJDKEHHS
NPOBOJMIINCSA 3a TapHOi MOTOAW, BpaHII IO HACTAaHHA
criekd a00 HANPUKIHIN AHS (IPUOJIM3HO B OAWH 1 TOH XKe
4ac), TOOTO yMOBHU BiOOpYy 3pa3KiB 3 OJHOrO MOIITOHY
Oynu OTHAKOBUMU (PUCYHOK 1).

OCHOBHHUX

micTaTte  Mertand. Ilonbosi

=

Puc. 1. Bin6ip 3paskiB rpyHTy Ha Tepuropii momirony Ne5 nHaykoBoio cmiBpoOiTHuIEO IHCTHTYTy TeoxiMii, MiHepaiorii Ta
pynoyrBopenns imeni M.I1. Cemenenka HAH Ykpaian 3no6inoro K.C.

Fig. 1. Sampling of soil within the territory of landfill Ne5 by the Research Fellow at M. P. Semenenko Institute of geochemistry,
mineralogy and ore formation of the National Academy of Sciences of Ukraine — Zlobina, K.S.

Jlis anani3y 3pas3kiB I'PYHTIB Ta IPHUPOJIHUX BOA Oyiio
BUKOPHCTaHO TakKi METOAM JOCIHi/DKEHHS: aTOMHO-
abcopOmiiinmii Metox (cmektporpadiss «CatypH 3»),
eMiciiHui cnekTpanbHui aHami3 (cnekrporpad «ECT-
1»), MeTon Mac-CrieKTpOMETPii 3 IHIYKTHBHO 3B’S3aHOIO
mrazmoro  (ICP-MS  anami3). Awnamiz mTpoOBOJWBCA B
JmabopaTopii CHEKTPANLHOT'O aHami3y BIAMUTY ONTHYHOL
CHeKTpocKomii 1 JiroMiHecneHnii MiHepamiB [HCTHUTYTY
reoximii, MiHepanorii Ta  pyJOYTBOPEHHS  iMeHi
M.II. Cemenenka HAH VYxkpainu. 3 MeTor0 BU3HAUCHHS
(GopM  3HAXOPKEHHS  MIKPOENEMEHTIB y IpyHTax
BHUKOPHCTOBYBABCS METONl MOCTAIHHUX BUTHKOK [6].
Meron 6a3yeThcsi Ha OJHOYACHOMY BHJIUICHHI 13 IPYHTY
JIEKUTBKOX €JIEMEHTIB 3a JIONOMOTOI0 «CEJIEKTUBHHX)
ekcTpareHTiB. EKCTpareHTH, 1110 BUKOPHCTOBYBAJIHCH LIS
BU3HAYeHHS (OpPM 3HAXO/DKEHHS BAXKKUX METaiB,

HaBEJIEHO HA PUCYHKY 2.

=
4 2% ml"luo“)
+ 1M CHCOONS
_’/- e
_ -
3m'A3aHa ==
= i
: kap6o: ’ .
+ 0104 M NS OM-HCRe 2% CHCO0M 9500
2 mie / 5
2 oncogans sasanmior )
Mn, Fe ==
+ HNC3+Hz07 (90°C)
—"‘-"
; mrhn:nm e— < SR s
m\n _\: b HELHCIO, (3]
= ;

Puc. 2. Cxema mocItiIOBHOT eKCTpaKIii BayKKUX MeTaliB [6].
Fig. 2. Heavy metals consistent extraction scheme [6].
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ATOMHO-a0CcOpOLiHIIT METO/I BUKOPUCTOBYBABCS IS
BH3HAYCHHS BAJIOBUX Ta PyXOMHX (DOPM MiKpOEIEMEHTIB
y r1pyHTax. BiH 3acHOBaHMI Ha PpE30HAHCHOMY
BHOOPYOMY MOTIIMHAHHI MOHOXPOMATHYHOTO CBITJIOBOTO
MOTOKY ~ aTOMaM{  BIJNOBITHOTO  €JIEMEHTy B
naponoaioHomy crai [7].

BumipioBaHHsS BMICTY BaKKMX METalliB y 3pas3Kkax
IPYHTIB 1 TPUPOIHMX BOA BUKOHAHO 32 JOIOMOTOIO
METOJly MAacCIIeKTpOMeTpil 3 1HIYKTHBHO 3B’S3aHOIO
miasmMor0 Ha aHamizatopi Element-2 (Himewyunna) B
[HCTHTYTI MiHepaJiorii Ta pyIOYTBOPEHHS
im. MLIT. Cemenenka HAH Vkpainu. [lns Bu3HaueHHsS
BaJOBOrO BMICTY €JIEMEHTIB y aHaJi30BaHUX 3pa3kax
IPYHTY BHUKOPHUCTOBYBAJIM PO3YMHEHHS TNPOO TphoMma
kucnoramu: HF, HNO3, H2SO4 (yci xucinoru mapku supra
pure ¢ipmu MERCK) y mikpoxBmisoBiii mewi ETNOS
(Bupooruk MILESTONE) [8]. Ilim wac 3acTocyBaHHS
IBOTO METONy Uil BH3HAYEHHS MIKPOEIEMEHTIB Y
3paskax IPUPOJHMX BOA OyJ0 BHUKOPHCTAaHO CTaHIAPT
ISO 11885:2007 Water quality — Determination of
selected elements by inductively coupled plasma optical
emission  spectrometry  (ICP-OES).  Ilepesaroro

reoximifi,

3aCTOCYBaHHS ~ MAacCHEeKTpoMeTpii 3 IHAYKTUBHO
3B’SI3aHOO TUIA3MOI0 € BHCOKA YYTIUBICTD, IO A€ 3MOTY
BHU3HAYaTH psJI METAiB Ta OKPEeMHX HEMETaliB Yy
KoHLeHTpawisax 10 10710 %,

Jlis cratucTraHOi OOPOOKM OTPHMAHHMX Pe3yJbTaTiB
OyJI0 BUKOPHCTAHO TaKi METOIH, SIK perpeciiiHuii aHaiis,
BCTAHOBJIEHHSI 3aKOHY PO3IOAITY Ta HOOYJOBH TiCTOTpam.

Pe3yabTaTi 10ocaigxenn

Ha rtepuropii nocnimkens ()OHOBUMH € TEMHO-Cipi
OITiA30JIEH] TPYHTH TEPEeBa)KHO Ha JIECOBHX MOpOJaX, a
TaKOXX YOPHO3EMH OIiI30JIcHI Ha Jiecax. JIims ycix mmx
THUITIB I'PYHTIB XapaKTEpHUMH € Taki O3HAKH, SK 3HaYHA

T'YMYCOBaHICTh,  TOPIBHSAHO  BHCOKAa  HACHYEHICTh
yBIOpaHUM  KaJIbI[iEM, CTPYKTYPHICTH Ta  PEJIKTH
JUSUTBHOCTI  cTenoBoi  (hayHH, TOMITHAa KHCJIOTHICTh
MOPYIIEHHS! Ta TMepeMilleHHS KOJOiJiB Yy HWKHI

TOPU30HTH. Y 3B’A3KYy 3 UM iM MPHTAMaHHA [yMYCOBO-
emoBianbHa audepeHuianis npodimo. @izuko-xXiMiuHa
XapaKTePUCTUKA TPYHTOBHMX BiJKJIAIiB TMpPEACTABICHA Y
Tabmumi 1 (rmubuHa Bindopy npob cranoBmwia 0-10 cwm).
KoeginienT 6ydepHOCTI po3paxoByBaBcs 32 METOAMKOILO,
MpeICTaBICHO0 B poboTi [6].

Taoa. 1. Y3araneaena ¢i3uko-xiMidHa XapaKTepUCTHKA IPYHTOBUX BiKJIA/IB
Table 1. Generalized physical and chemical characteristics of soil sediments

Tun IPYHTOBUX OO6minHi karionu, Mr-exs/100 r rpyHTY Cor % pH K
BiaKnamis Ca** Mg? K* Na* o (BOmHMI)

YopHo3eMu Omif301eH] 212

Ha Jecax  (YMOBHO 0 ' 2,02 0,48 0,5 5,18 7,2 30,2
aucri) (N=38)

IpynTn TEMHO-Cipi

Omi30JICHI Ha Jecax 22,5 6,2 0,99 0,2 3,2 7,0 9,3
(ymoBHO umcTi) (N=42)

3a0pynHeHi IPYHTH B

Mexax momrony NeS 2,30 0,90 0,50 0,14 0,72 4.8 4,3
(n=150)

Ilpumimka. Copr — 3aTaIbHAI BMICT OpTaHIYHOrO BYIJIEIIo, pH — KHCIOTHO-Ty:KHA XapaKTepUCTUKa BOTHOI BHTSDKKH IPYHTY, Ko —

koegirient 6yhepHOCTi, N — KITBKICTH IPO0

Note. Corg — total organic carbon content, pH — acid-base indicator of soil water extract, K» — buffer ratio, N — number of samples

Byno BcraHOBiEHO, MmO MakcHUMajibHa copOLiiiHa
€MHICTD KOMIIIEKCY
XapakTepHa ISl YOPHO3EMIB, OINJ30JIEHUX Ha JIecax.
Crig BiIMITHTH, IO TPYHTU HA JUISHKAX TEXHOTCHHOTO
3a0pyaHEHHS MaroTh HaWOULIBII HU3BKY COpOLiiHY
€MHICTH Yy TIOPIBHAHHI 3

IPpUPOAHO-TTOTTIMHAJIILHOT'O

QHAJNOTIYHUMH  IPyHTAMH
MPUPOJHMX JaHMAa(TiB. AHaNI3 pPO3NOALTY KaTiOHIB
MIPUPOJHO-TIOTJIMHAJIBHOIO ~ KOMIUIEKCY y  Hpodissax
IPYHTIB TOKa3ye, IO iX YacTka y BEpXHIX MIapax €
3HAYHO BHIIOI0, HDK y HWXKHIX. OTpuMaHi pe3ynbTaTtu
CBiYaTh TPO Te, IO YHM BHIIUM € BMICT TYMiHOBHX
KHCJIOT y TIPYHTi, THM BWIIUMH € COpOIlifiHa €MHICTh
MIPUPOJHO-TIOTJIMHAJIBHOIO KOMIUIEKCY Ta Koe(illieHT
OydepHocti, Wm0 BIANOBIZA€ HAIIMM YSBICHHSIM IIPO
reoxiMiuHy 0ap’epHicTh JanamadTie. 3 Taduuii 1 BUaHO,
IO YOPHO3EMH OMiJ30JICHI Ha Jiecax MaroTh Kparii

Oy(epHi BIACTUBOCTI, HDK TEMHO-Cipi, OMIJ30JICHI Ta
3a0pynHeHi B Mexax mnomirony Ne5. Ile oOymomiroe
Kpalli 3aXUCHI BJIACTUBOCTI MEPIIMX IO BiJHOLIEHHIO 0
BIUIMBY TEXHOTEHHMX METaNiB. 3aXWCHI BIACTHBOCTI
IPYHTIB  TPOSBISIIOTBCS Y OOMEKEHHI  YTBOPEHHS
MOOUTBHUX  (opM mo, fK
HACJiIOK, oOMeXye iX Mirpamiro 10 IPYHTOBHX BOJA Ta
MEPEIIKOAXKAE MONIMHAHHIO POCIHHAMU [5].

ABTopamMu Oys0 BCTAHOBJICHO (POPMH 3HAXOKEHHS
Cu, Zn, Co ta Ni y nociipKkyBaHuX 3pa3Kax IPYHTIB Ta
BUKOHAHO pErpeciiHuii aHalli3 3aJeXHOCTI BMICTY iX
pyxoMux ¢GopM Bin (i3UKO-XIMIYHHX BJIACTHBOCTEH
rpyaty. Jlo pyxomux ¢opM HajlexaTh BOJOPO3UYMHHA
dopma Ta (Qpaxiiis JIErkOOOMiHHUX iOHIB. Pe3yiabpraTtn
MIPE/ICTAaBIICHO y TAOIUIAX 2, 3.

TOKCHYHHUX  CIIEMEHTIB,
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Taoua. 2. Po3noznin MeraniB y rpyHTax 3a (paxuismu
Table 2. Distribution of metals in soils by fractions

E Banosuit ®Dpaxmis (JacTKa BaJOBOTO BMICTY, %)
JEMEHT | pnicr, MI/kr I T i Y v VI

z 150 3.5 135 70,5 78 10,2 335

" 60 0.2 3,2 10.2 23 7.2 6.0
200 i5 125 37,2 17.3 53 73,1

cu 30 0.16 2,2 12,3 8,2 7.2 69,04
160 7.3 7.8 173 3.2 10.2 54,0

co 80 0.2 3.2 10,2 1.2 5.2 770

] 120 0.6 1.2 413 10,8 19.8 24,3

NI 30 — 0.8 23 24,7 15.8 51,4

Ilpumimrka. @paxyii: 1 — BogopozunnHa, Il — nerkoodminHuX i0HIB, III — po3unHHNX y crabokucioMy cepemoBhi Crolyk, IV —
opraniuHoi peuoBunn, V — amopduux rigpokcuais Fe, Mn, Al, VI — criiika. Had puckoio: BMICT y TpyHTax moiirony NeS, nio

puckoto: HOHOBE 3HAUCHHS (JOpHO3eM). Tupe — eITEMEHT He BU3HAYAIIN
Note. Fractions: | — water-soluble, 1l — easily exchangeable ions, 11l — soluble in a weakly acidic environment, IV — organic matter,
V — amorphous hydroxides of Fe, Mn, Al, VI — stable. Above the line: content in the soil of the landfill Ne5, below the line:

background value (chernozem). Dash — element was not defined

Ta6u. 3. Pe3ynpraTu perpeciiiHoro aHamizy 3a1exHocTi BMicTy pyxomux ¢opm Cu, Zn, Co, Ni Bix diziko-xiMi4HHX BIaCTHBOCTEH

IPYHTIB

Table 3. The results of regression analysis of the dependence of the content of Cu, Zn, Co, Ni mobile forms on physical-chemical

properties of the soil

Bwmict enementTy B IpyHTi, MI/KT
(miama3oH 3HAYCHB)

pyxomi popmu

| BaJIOBHIA

PiBusHHS perpecii

3a0pynHeHi IpyHTH B Mexax Ilomirony Ne5

10,8-24.8 150700 ZNpyxow = 0,19 T1. + 0,78 . (R=0,85)

11,2-19,8 100-150 Copyxon = 6,07 + 0,03 COuar + 0,84 pH + 0,23 . (R=0,92)
4,2-83 40-100 Nipyxow = 2,88 + 4,24 pH + 0,04 Nisax + 0,75 1. (R=0,90)
6,7-21,2 100-600 Clpysow = 0,02 Clsan + 1,42 pH — 0,28 1. + 0,67 rv. (R=0,92)

Ilpumimxka. Bmict rimauCTOI paknii — 1., TyMmycy — M., R — koedinient muoxkuHHOI perpecii
Note. Clay fraction content — cl., humus content — hum., R — multiple regression coefficient

Awnaniz ¢opm Cu, Zn, Co Tta Ni, mos’s3anHux i3
pizHUMK  ¢pakmisMH  TPYHTIB,  3/iHCHIOBaJIM  3a
METOAMKAMH TIOCTIOBHUX ekctpakmiii [5, 9]. Le
JIO3BOJIMIIO BUIUTUTH HACTYITHI (hPAKIIIi:

1. Bonopo3uuHHY;

2. OOMiHHY 1 JIETKOpPO3UYMHHY, L0 TOB’sI3aHi 3
[JIMHACTUMH MiHEpajaMy, TiIPOKCHAAMHU Ta OKCHIAMHU
3aJli3a, MapraHilfo, AJTIOMIHII0, a TAaKOX 3 OPraHIYHOIO
pevosuHoto (1 M MgCly, pH 7);

3. OB’ sA3aHy 3 TIAPOKCHIAMH 3aJli3a Ta MapraHilio, 110
BKIIIOYae B cebe YTBOPIOIOTH  MiIHI
TIOBEPXHEBI KOMIUIEKCHM Ta 3/aTHI BUBUIBHATHCS IIpH
py#inyBanHi rigpokcunis (0,04 M NH;OH + HCI y 25%-
iit HOAC);

4. moB’s13aHy 3 OPraHigYHOI PEYOBHHOIO Ta JESIKUMH
cynbhigaMu, 10 K0 HANEXKaTh METAJIH, IO YTBOPIOIOTh

MeTajaH, sKi

MiI[HI KOMIUTEKCH 3 OpraHiqHoro pedoBuHOI0 (30% H205);

5. moB’s3aHy 3 KapOOHaTAaMH Ta PO3YHMHCHHMH Y
C1a0OKHCIIOMY CEpEeOBHINI  CIIOJyKaMH, IO MICTHTh
cnemudiyHO ancopOoBaHi MeTaly, SIKi TEpexoisiTh Y

pO3YMH B pe3yabTaTi 3MeHIIeHHs pH piBHOBaXXHOTO
po3unny (1 M NaOAC + 1 M HOAC, pH 3,5);

6. 3aJMIIKOBY, IO SIKOI
3HAXOIMTHCS y KPUCTAIIYHMX IpaTKaX IEPBHHHUX Ta
BTOPMHHHMX MiHEpaliB TIPyHTY; BOHa

IUJIAXOM IIOBHOI'O PO3KJIaJJaHHs I'PYHTY.

BXOOATh MCTAJIM, IIO
BWIYYa€THCA

Takok BHKOHAaHO BHIUICHHS 13 TPYHTIB Ba)KKUX
METaJiB 3a JIOIOMOT' 00 HECEJIEKTUBHUX €KCTPareHTiB.

VY TrpyHTax Ha TepuTOpii MOJIroHy BiAMIYa€THCSA
BHCOKA KOHIICHTpAIlisi Ba)KKUX METaNiB, NOB’S3aHUX 13
(bpakili€ero JIErkoOOOMIHHHMX 10OHIB, a TaKOX ITiABUICHUN
BMICT BOJOpO3YMHHUX (opM. VY (HOHOBUX TIpyHTax
JOCITIDKYBaHOT TEPUTOPIi BMICT PyXOMHX (POPM BasKKUX
MeTaJiB 3MEHITYEThCS.

Byno 3’sicoBano, mo BMicT pyxomux ¢opMm Zn y
TEMHO-CIpUX OIIJ30JIEHUX IPyHTax (Tak camo, SIK 1 y
3a0pyaHEHHX IPYHTAaX B MeXax IoJirony NeS) 3anexunTs,
TOJIOBHUM YHMHOM, BiJl BMICTYy TJIMHHCTOI CKJIQJOBOI Ta
T'YMYCY, IIpU IIbOMY BIUIMB HOTo BajoBoro Bmicry ta pH
I'PYHTOBOI'O PO3UMHY HECyTTeBHH. [ TMHNCTA CKIIagoBa HE
BIuTMBae Ha BMicT pyxomux ¢opm Co ta Ni. Ockinbku
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HU3bKA  KOHIEHTpalis  (YJIbBOKHCIOT  IIiJICHIIOE
ancop6riro Ni 3a pH 5,5-6,0, a Bucoka 3mennrye ii 3a
paxyHOK KOMIUIEKCOYTBOPEHHSI Y PpO3YMHAX, aBTOPH
BBAXKAIOTh, II0 B OPraHOT€HHUX TOPH30HTAX OCHOBHHI
BHecOK y posmomin  Ni
CIIOJIYKaM, SIKi TTOB’513aHi 3 OPraHiYHOI0 PEYOBHHOIO.

Jls nociiKyBaHUX IPYHTIB TakoK OyJl0 BHU3HA4YEHO
TPaHYJIOMETPUUHUM  CKJIa] MiHepaTbHUN

HaJIC)KUTh  KOMIINICKCHUM

1 CKJIa

rmuauCTOl (pakuii (tabmuus 4, 5). ITix yac BukoHaHHS

npucaguOHuX MinsgHkax c. [Tiaripri, a Takox 3pa3ok BoAM
31 CTaBKa, IO PO3TANIOBaHUNA Ha TEpUTOPii momirony NeS.,
Pegynprat  ximMiuHOro  aHamizy  3pa3KiB  BOAHM
MIpe/ICTaBIIeHO y Tabuuii 6.

3a cBOIM XIMIYHAM CKJaJOM BOJAa 31 CBEpUIOBHH
MepeBAKHO €  TiApOKapOOHATHO-KAJBLIEBOIO  Ta
TiIpOKapOOHATHOO, 3MIIIAHOI0 32 KATIOHHUM CKJIAZIOM.

Bona 3i craBka Ha TepUTOpil NONITOHY TiApoKapOOHATHO-

XJIOpUIHO-HATpieBa. bByrmo BCTaHOBIEHO, MO 3aKOH
JOCITI/DKEHHST aBTOpaMu Oyno Bigibpano 28 3paskiB  posmoainy Cu, Zn, Co ta Ni is IpyHTOBHX BOI €
MiJ3eMHUX BOM 31 CBEpPJUIOBHH, pPO3MINICHUX HAa  JIOTHOPMAJIBHUM (PHCYHOK 3).
Tab6u. 4. I'pamymomerpuanuii ckiaaa rpyHris (y %)
Table 4. Particle size distribution of the soils (in %)
Dpakuis, MM
Tum rpyHTOBUX BiKIAMIiB 1-0,25 0,25- 0,05-0,01 0,01- 0,005— 0,001
0,05 0,005 0,001
Hoprosemit omisonetl 012 8.9 28,10 9,9 12,60 40,30
Ha Jiecax
T —
 PYHTH TEMHO"CIPI 2,77 34,88 18,50 11,75 11,45 21,15
OIi/I30/1€H] Ha JIecax
3aOpy;er IpyTH B 1,23 28,30 15,20 7,85 9,20 38,22
MeKax MoJirony Ne5
Ta6u. 5. MinepanbHuii CKIta ] TIIHHKCTOI Bpakiil rpyHTiB (y %)
Table 5. Mineral composition of clay fraction in the soils (in%)
Opraniu
T M
gn rpyH.TOBHX INapocnrona Kaominit Xnoput OH.TMOPHHO Ha
BIIKIIaiB HIT
peuoBUHa
Y
| oprosewH 70 10 - 10 10
OIi/I30/1€H] Ha JIecax
.l‘pyHm TeMHO-Cipi 80 10 _ 5 5
OIi/I30/1€HI Ha JIecax
3a6pyaHe.Hl IPYHTHU B 75 5 B 5 15
MeKax Mojirony Ne5
Ilpumimka. Tupe — MiHCpATBHUNA CKJIaJl HE BU3HAYAIIN
Note. Dash — mineral composition was not defined
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o T o025 .
£ o :'.; o posmoginy Ni, Cu, CotaZny
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& H 0,1 BOILi
o l - 7 Fig. 3. Histograms of Ni, Cu,
e aam e . - o B me= | 5 and zn distribution in the
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Taou. 6. PezynpraTtu XiMiqHOTO aHANI3y 3pa3KiB BOAX
Table 6. The results of water samples chemical analysis

Caepu10BUH CraBox Ha
TTokasHuk, mr/mm® DILIORHY K TepuTopii K
ny c. Iliaripoi .
nonirony Nes
Na+K 49,2 40 155,48 170
Ca 50,1 130 82,16 180
Mg 12,16 80 24,32 40
Fe 0,47 BiJICYTHICTh 1,73 0,1
HCOs 61 e 494,1 e
HOPMYETBCS HOPMYETBCS
Cl 51,12 BiJICYTHICTh 161,9 300
SO4 144 150 9,6 100
NO3 13,56 5 6,2 40
CYX 3QITHILIOK 305,2 1000 638 e
HOPMYETBCS
. He
KOPCTKICTH ™ 3,5 7 6,1
HOPMYETBCS
DK 7.8 e 19,7 e
HOPMYETBCS HOPMYETBCS
K 0,8 e 2,3 3,7
HOPMYETBCS
Mn 0,183 BiJICYTHICTh 0,319 0,01
Ni 0,0244 BiJICYTHICTh 0,0191 0,01
Co 0,0031 BiJICYTHICTh 0,0019 0,01
Ti 0,244 e 0,5104 0,06
HOPMYETBCS
v 0,0012 e 0,0026 0,001
HOPMYETBCS
Cr 0,0031 BiJICYTHICTh 0,0128 0,02
Mo 0,00031 BiJICYTHICTh 0,0006 0,001
Cu 0,061 BiJICYTHICTh 0,051 0,001
Pb 0,031 BiJICYTHICTh 0,0032 0,006
Bi 0,00062 e 0,0012 e
HOPMYETBCS HOPMYETBCS
Zn 0,0155 BiJICYTHICTh 0,0191 0,01
Ba 0,1067 0,1 0,1914 0,74

Ilpumimka. Y TaGnuni NPEenCTABICHO ycepeIHEHI KOHIEHTpPAIii OCHOBHMX ITOKA3HHKIB XIMIYHOIO CKJIaLy MiJ3€MHUX BOJ, IIO

JociiuKyBamics (KiTbKicTb 3paskiB mim3eMunx Bom — 28); ®K — dymsBokucnorn, 'K — rymMiHOBI KHCIIOTH; * — BUMIPIOETBCS Y MT-

exB/am3

Note. The table presents the average concentrations of the main indicators of the chemical composition of groundwater studied (the
number of groundwater samples — 28); FC — fulvic acids, HA — humic acids; * — measured in mg-eq/dm?®

Ile cBiguuTe TpO TE, IO HAIXOPKEHHS METAJiB
00yMOBJIEHE BIUTMBOM IIEPEBAXKHO OXHOTO (hakTopy.
ABTOpY TIPUITYCKAIOTh, 110 TAKUM (HaKTOPOM CIYTY€E came
3BajIMIIE ITOOYTOBMX BIiAXOMAIB, TOKCHYHI E€IEMEHTH 3
SIKOTO 1H(QUIBTPYIOTHCS, TIEPEXOIATh Y PO3UMHHHUM CTaH Ta
MITpyIOTh 0 migzeMHoi riapocdepu. Kpim Toro, Oymo
3a(ikcOBaHO TIEPEBHIICHHS TPAHUYHO  JOMYCTHMHUX
KOHLICHTpAalill 3a OKPEeMHUMH MOKa3HUKAMU JUIS MHTHOI
BOJIM HELEHTPAJi30BaHOTO ITUTHOTO BOJONOCTaYaHHs
3rizHo HopMmatuBHoro jgokymenty JHCTY 7525:2014
«Boma mwmrtHa. BuMorm Ta Meroau KOHTpPOJIOBAHHS

SKOCTI», 30Kpema: BMicT HiTpariB mnepesumye [JIK

Mmaibke yrpuui (I'’/IK = 5), xonnenrpauis Ba ta SO — Ha

piBai moporoBux BemwuuH (I'/IK mis Ba = 0,1, mus
S04 = 150), mpucyrnicts y Boai Fe, Mn, Co, Ni, Mo, Pb
TAKOXX HE BIANOBiZa€ BHMOraM Uil MHTHOI
OCKIJIbKM 32 HOPMAaTHBOM ILIMX EJIEMEHTIB He Mae OyTu

BOJIH,

B3araji.

VY Bomax cTaBKa TaKOXK (DiKCYIOTHCS BIIXWJICHHS Bij
HOPMH 32 HOPMATHBHHUM JOKyMeHTOM 1999 poky
«IlepeueHb PBIOOX O3 CTBEHHBIX HOPMATHBOB:
MIpECeITHEHO JTOTTYCTUMBIX KOHIICHTPAITUIA i
OPUCHTUPOBOYHO OEC30MACHBIX YPOBHEH BO3IEHCTBUSA
BpPEIHBIX BEHICCTB JUISI BOABI BOIHBIX OOBEKTOB,
AMEIOINX PHIOOXO3SMMCTBEHHOE 3HAYCHUE», 30KpeMa
BMmict Fe nepepuiye I'IK y 17 pasis (I'’/IK nis Fe = 0,1),
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Mn —y 32 pasu ([AK mis Mn = 0,01), Ni — y 2 pa3u
(TAK mns Ni = 0,01), Ti —y 8,5 pazis (I'AK mns Ti =
0,06), V —y 2,6 pazis (I'’IK msa V = 0,001), Cu -y 51
pa3 (CAK mns Cu = 0,001), Zn —y 2 pasu ('K mnsa Zn =
0,01) — tabmnurs 6.

Taon. 7. Bmict mirpamiiianx ¢opMm XIMIYHHX €IEMEHTIB y
IPYHTOBHX po3uuHaX, %

Table 7. The content of chemical elements migration forms in
soil solutions, %

Tpyrn 3abpynHeHi
. . YopHozemu L IPYHTH B
Mirpauiitiia OITi 3011 H1 TeI.VIHO c1p1. MeKax
¢dopma OILJ30M1CH1 .
Ha Jiecax 1 mecax THOJIITOHY
Ne5
Ni2* 1,6 2,0 56,0
Ni®K 79,6 78,6 12,8
Ni(OH)®K- 17,1 17,3 1,7
NiOH* - - 6,3
NiCOs 1,3 1,6 20,9
NiHCOs* - - 1,4
NiSO4 - - -
Co** 58,4 43,1 76,3
CoHCOs* 15,1 11,0 31,6
CoSO4 10,2 35,4 9,6
Co®K 15,6 91 -
CoCOs - - -
Cu®* 1,4 2,8 24,3
CuOH* 3,4 6,5 42,1
Cu(OH): 2,7 4,9 21,3
Cuz(OH)2?* - - 1,2
CuCOs - 1,6 6,6
CuHCOs* - - 2,0
Cu(OH)2®K> 47,7 82,5 1,3
CurkK 43,9 1,0 -
Zn?* 53,6 55,7 94,3
ZnHCOs* 1,6 1,7 2,0
ZnCOs 1,2 1,2 -
Zn®K 41,4 33,6 -
ZnS0O4 1,4 7,0 1,8

Ilpumimka. BMicT XiMiYHIX €JIEMEHTIB y IPYHTOBOMY PO3UHHI,
MI/11: YopHO3eMH omizoneni Ha secax — Ni 0,11; Co 0,04; Cu
0,041; Zn 0,058; ®K 19,7; TK 0,95; rpyntu TemHO-Cipi
omigsoneni Ha necax — Ni 0,042; Co 0,024; Cu 0,02; Zn 0,063;
®K 23,4; TK 0,07; 3abpyaneHi rpyHTH B MexKax MOMIroHy Ne5 —
Ni 11,8; Co 4,2; Cu 4,19; Zn 5,8; ®K 19,7; T'K 0,95

Note. The content of chemical elements in the soil solution,
mg/dm?: black soils («chernozems») podzolized on loess rocks —
Ni 0,11; Co 0,04; Cu 0,041; Zn 0,058; FC 19,7; GC 0,95; dark
gray podzolized soils mainly on loess rocks - Ni 0,042; Co
0,024; Cu 0,02; Zn 0,063; FC 23,4; GC 0,07; contaminated soils
within the landfill Ne5 — Ni 11,8; Co 4,2; Cu 4,19; Zn 5,8; FC
19,7; HA 0,95

3a JIOTIOMOT 010 METOIy MaTeMaTHYHOTO
MOJICTTIOBaHHS aBTOpaMH OYJI0O BCTaHOBJICHO MirpariiiHi
¢dbopMHu MIKpO- Ta MaKpOCIEMCHTIB 3 OpraHIYHUMH Ta
MiHEpaJIbHUIMH KOMIIOHEHTaMH TIPYHTOBHX PO3YMHIB 3a

JIOTIOMOTOF0 ~ CTICTIiaTi30BaHOTO  MPOTrPaMHOTO  3aco0y
MINTEQA 2 [10]. Po3paxyHOok 3mdilicHEHO 3
BHKOPUCTAHHAM iH(pOpMAIii MO0 TEPMOAUHAMIYHUX
JAHUX KOMIUICKCHUX CIIOIYK METalliB 3 OPraHIYHOO
PEYOBHHOIO. BcranosneHo, 10 T IBUTLCHHS
KOHLIEHTpALlii MeTaliB y I'PYHTOBHUX pPO3YMHAX ICTOTHO
BIUIMBAE Ha PO3MOAIN iX MirpamiiHux ¢opm. IIpoBeneHi
PO3paxyHKH TIOKa3alld, IO 3a YMOBU 30UTBIICHHS
KOHLIGHTpaLil MEeTaJiB BMICT (yIbBaTHHX Ta T'yMaTHUX
KOMIUIEKCIB METAJIiB 3HAYHO 3MCHIIYETHCSA, TPH IHOMY
MiJIBUIYETHCS. BMICT X BUIBHUX TiJJpaTOBAaHUX KaTiOHIB
(Tabung 7).

BucHoBku
Y pesynbraTi TPOBEACHOrO  JOCIIHKEHHS
BUSIBJIEHO  crienivHi

oymo
(y mopiBHsHHI 3 (HhOHOBUMH)
0CcOOJIMBOCTI (Pi3UKO-XIMIYHUX BJIACTUBOCTEH IPYHTOBHX
BIKJIQIIB Yy MeXax IOJIroHy TBEPAUX HOOYTOBHX
BIIXOMIIB — BHCOKY COpOIlifiHY €MHICTh Ta HEBHUCOKUUN
koedimieHT OydepHOCTI, 110 00YMOBIIIOE CITa0Ki 3aXUCHI
BJIACTHBOCTI IO BiJJHOLICHHIO NO BIUIMBY TEXHOTI'CHHHX
meramiB. Taki BIACTUBOCTI JOCITIJDKYBaHUX IPYHTIB
COPUAIOTH YTBOPEHHIO MOOULTBHUX (OPM TOKCHUHHX
€JIEMEHTIB Ta X Mirpaii 10 IpyHTOBHX BOI.

Y rIpyHTax Ha TepUTOpii MOJIrOHy BiAMIYA€THCS
BHCOKa KOHIICHTpAIlisi Ba)XKUX METaNiB, NOB’SI3aHUX I3
(pakiiero J1IerkooOMIHHUX 10HIB, a TAKOX IiIBUILEHUI
BMICT BOJOpO3YMHHUX (opMm. VY (HOHOBUX TIpyHTax
JOCITIKYBaHOT TePUTOPIi BMICT PyXoMHX (OPM BaKKUX
MeTajiB 3MeHInyeTbcs (y 2-3 pasu MeHIIMH, HDK Y
I'PYHTOBHUX BiJIKJIa/IaX TIOJITOHY).

Bukopucranns MeTony MaTEeMaTHYHOTO
MOJICTTIOBAHHS ~ JO3BOJMJIO  BCTAaHOBUTH  OCHOBHI
MirpamiiiHi  OpMHM Makpo- Ta MIKpPOEJIEeMEHTIB Y
I'PYHTOBUX PO3YMHAX TEXHOT'CHHO 3a0pyIHEHHX IPYHTIB
moiroHy NeS5. 3’scoBaHO, IO [UIS BaXKAX METaNiB
XapakTepHUMH € BUIBHI TiJIpaTOBaHi KaTiOHM Ta MeTaj-
OpraHiyHi KOMITIEKCH.

Ilin wac mocmipkeHHS 3pa3KiB Boau (MiA3eMHOI Ta
ITOBEPXHEBOi) OYIIO BCTAHOBJICHO CYTTEBE BIIXMICHHS Bij
HOpM.  30Kpema, Ui TPYHTOBUX  BOJ,  IIO
BHUKOPHCTOBYIOTBCS  JUII  ITUTHOTO  BOJOCIIOKHUBAHHS
HaceneHHs c. [liaripmi, Oymo 3adikcoBaHO MepEeBUIICHHS
TPaHWYHO JIOIMYCTHMHUX KOHIEHTpAIii 3a OKpEeMUMH
MOKa3HUKAaMHU: BMiCT HiTpariB mepeBuiye ['JIK wmaibxe
yrpuui (CAK = 5), xonnentpauis Ba ta SO4 Ha piBHI
noporosux BeanuuH (I'JIK ams Ba = 0,1, mis SO4 = 150),
npucytHicTh y Boai Fe, Mn, Co, Ni, Mo, Pb takox He
BiANOBiZa€ BHMOraM JjIsi IIMTHOI BOAM, OCKIJIBKH 3a
HOPMATHBOM IIMX €JIEMEHTIB He Mae Oyru B3arami. J{ms
BOJ CTaBKa, IO pO3TAallOBaHWH Oe3mocepeaHbO Ha
TepUTOpii MOMIroHy, (GiKCyrOThCSI 3HAYHI BiJXWIICHHS Bif
Hopmu: Bmict Fe mepesunrye I'IK y 17 pazis (IAK mws
Fe =0,1), Mn —y 32 pasu (' IK mis Mn = 0,01), Ni—y 2
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pasu (UK anst Ni = 0,01), Ti —y 8,5 pazis (IAK ms Ti
= 0,06), V —y 2,6 pasie (I'’IK anst V = 0,001), Cu —y 51
pa3 (CAK mns Cu = 0,001), Zn —y 2 pasu ('K mnsa Zn =
0,01).
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The presented research is devoted to the study of geochemical transformation of environmental key objects (soils, surface and groundwater) within
the solid waste landfills. The object of the study is the one of the largest landfills for solid waste disposal in Ukraine — Kyiv landfill Ne5. The main
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factual material, which is the basis of the article, was obtained by the authors during a comprehensive field ecological and geochemical research in
2018-2020. The aim of the work was to determine the geochemical (in particular physical and chemical) features of soil sediments within the landfill,
which made it possible to assess the protective properties of soils in relation to the impact of technogenic metals. The condition of surface waters
(ponds within the landfill territory) and groundwater (wells in Pidhirtsi village) was also studied; the comparison of the main indicators of chemical
composition with the maximum allowable concentrations determined by normative documents was performed. It was found that in the studied soils
there is a high concentration of heavy metals associated with the fraction of easily exchangeable ions, as well as an increased content of water-
soluble forms. The main migration forms of macro- and microelements in soil solutions have been established. It was found that free hydrated cations
and metal-organic complexes are characteristic of heavy metals. For groundwater used for potable water consumption by the population of Pidhirtsi
village, exceeding of maximum allowable concentrations were recorded for certain indicators, in particular for nitrates, as well as deviations from
the established norms for Ba, SO,, Fe, Mn, Co, Ni, Mo, and Pb. The pond waters, located directly within the landfill territory, are characterized by
significant deviations from the norm in terms of Fe, Mn, Ni, Ti, V, Cu and Zn. As a result of the study, it was found that within the landfill there are
favorable conditions for the formation of mobile forms of toxic elements and their migration to surface and groundwater.

Keywords: geochemical transformation, anthropogenic metals, soils, surface waters, groundwater
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IH®OPMAIIA 1JIAA ABTOPIB
30ipHUKaA «]'€0XiMis TEXHOTEHE3Y»

Ho omyOmikyBaHHS y 30ipHUKY NMPHUAMAIOTHCS HAYKOBI Mpali, SKi HIKOJIM HE APYKYBAJIMCS paHilIe.
CraTta Mae OyTH HamucaHa Ha aKTyallbHY TeMY, MICTUTH Pe3yJIbTaTd TIIMOOKOr0 HAYKOBOT'O TOCITIHKEHHS,
HOBHU3HY Ta OOIPYHTYBaHHS HAYKOBHX BHCHOBKIB Bi/ITOBIHO JIO METH CTaTTi (IIOCTaBJICHOTO 3aBIaHH:).
Korxen aBTop Moke mozaTH He OblIe ABOX CTaTel B OHOMY BUITYCKY.

Pyxonucu npuiiMatoTscs odcsirom 6-15 cTopiHok (pa3oM 3 JIiTepaTyporo, pO3IUPEHNMH aHOTALISIMH)
¢dopmaty A-4, uepes 1,5 inTepBasn 1J1s1 0CHOBHOI'O TeKCTY, Ta 1 iHTepBaJ /19 aHTOAN{ii Ta JiTeparypu.
Moas: Bci — mo 2 cm, ag3anm — Bigeryn Ha 1,25 cm. lpudTt ocHoBHoOro tekery: Times New Roman,
po3mip — 12; mpudT anorauiii Ta direparypu — 10pt., Bukonani Ha komn'rorepi y peaakropi Word for
Windows (*.doc). lns nHaGopy ¢opmyn, rpadikiB i TabmHMIb BHKOPUCTOBYIOTH CIICIiajbHI MpPOrpamH,
BmonToBani y Word for Windows. ¥V crarri He nmoBuHHO OyTH mepeHociB ciiB. Homepu cropiHOK He
MPOCTaBJISATH.

CraTTi momaroThesl YKpaiHChKOIO, POCIMCHKOIO UM aHTJIIHICHKOI0 MOBaMH Y APYKOBaHOMY BUTJISIAL T B
eJIEKTPOHHOMY BapiaHTi (eIEKTPOHHOIO MOIITOI0 UM Ha EIEKTPOHHOMY HOCIT).

[Tutanns, nos's3aHi 3 myOmikamiero HaykoBux orminiB (He Oimbme 9000 cmiB i 10 pucyHkiB),
BUPILIYIOTBCS PEOKOJIETIEI0 HA MiICTaBl 3a3[asieriib HaJAaHOi aBTOpPaMHU PO3LIMPEHOI aHoTauil podoTH Ta
TPaHCIITEPOBAHOTO CIIUCKY JITEPaTypH.

Koxxna crartst moBuHHa Matu kon «YK» (Bropi miBopyu). Huxue 3miBa — Ha3Ba cTaTTi BENUKUMHU
mirepamu (mpudT HamiBxupHauii Times New Roman, po3mip — 12), BupiBHIOBaHHS 110 JIiBOMY Kpato. Hikue
— Npi3BULIE Ta iHILiaJK aBTOPIB, (3BUYAHHMMHU JIiTepaMHy, MPpHU(T HaMiBKUPHUHA, TpAMHMA, po3mip — 12). 3
HOBOT'O psAIKa : MpI3BHILE Ta iHIIaJId KOKHOTO 3 aBTOPIB i3 3a3HAUYEHHSM HAyKOBOI'O 3BaHHS, I0OCAJH,
YCTaHOBH, JI¢ TPAIOE aBTOp, eneKTpoHHOI aiapecu (po3mip — 8). Hasma, IIIB, mocaxa, micue podorw,
HaykoBe 3BaHHA, ORCID Ta egexkTpoHHa ajpeca aIyO0JI0I0ThCS AHIJIICBKOI0  MOBOIO Iepen
BilIIOBIAHOIO aHOTALI€IO.

Il1an crarri:

1. BCTYIl — MTOCTAHOBKA MPOOJIEMH y 3arajlbHOMY BUTIISIL Ta i 3B 30K 3 BaXJIMBUMHU
MPaKTUYHUMH 3aBIaHHSIMU;

2. OCTaHHI JOCTDKeHHS Ta myOmikamii, Ha $Ki CIUPAETbCA aBTOp, BUIUICHHS
HEBUPIMIEHNX YaCTHUH 3arajibHOI TPOOIEMH, KOTPUM MPUCBIYYETHCS JTaHA CTATTS;

3. MeTa cTaTTi (MOCTaHOBKA 3aBIaHHS );

4, BHKJIA]] BIIACHE MaTepiay JOCIIKCHHS,

5. BHCHOBKH Ta MEPCIEKTUBU MOJANBIINX JOCIIHKCHD Y IIbOMY HalPSIMKY.

O00B'A3K0Bi BHMOTH /10 aHOTAWN, sIKi MOBUHHI OyTH:

e iHpopMaTuBHIMH (0€3 3arajibHUX CIiB);

® CTPYKTYpOBaHHUMHU (BifoOpakaTH MOCHIOBHY JIOTIKY OMUCY pe3ybTaTiB y CTATTi);

¢ 3MICTOBHUMU (BiZJ0OpakaTH OCHOBHHIA 3MICT CTATTi; OMUCYBATH OCHOBHI LI JOCII[KCHHS,
BHCBITJIIOBATH HAOUIBII 3HAYYILI pe3yabTaTH);

® MICTUTH KOHKPETH3aLlil0 aBTOPCHKOTO BHECKY (IO PO3pPOOJIEHO, IO 3ampolOHOBAHO, IO
BHSIBJICHO 1 T.1I.);

e HE MICTHTH TIOCHJIaHb Ta adpeBiaTypHu.

AHoTanisi YKpaiHCbKOI0 Ta aHIJiliCbKOI0 MOBaMH 000B’SI3KOBI Ta MAalOTh MICTUTH KOXKHA He
menie 1800 3nakiB.

Tabauyi noBuaHi Matn Ha3Bu. [pudT TimesNewRoman (po3mip 10 pt).

Lnocmpayii HapaBaTh B enekTpoHHomy Burisaai y ¢opmari COREL, TIF, JPG 3 po3zminsHOIO
spatHicTio 300 dpi s HamiBroHOBUX pucyHKiB, 600 dpi — s mTpuxoBux. TekcToBi HamucuH Ha
PHCYHKAX, He3aJIe’KHO Bi/il MOBH CTATTi, IOBMHHI OyTH aHIJIiCHKOIO0.

bibnioepagia. TlocunanHs Ha mKepena BUKOPHUCTAHMX MarepianiB, (paKTHYHMX Ta CTATUCTUYHUX
JAHUX € 00OB'S3KOBHMHU 1 MOJAIOTHCS Y TEKCTI y XPOHOJIOTIYHOMY MOPSIAKY HU(PPOIO y KBaIpaTHUX AyKKax,
HasBu npanp y CiucKy JitepaTypy po3MIILYIOTh B TOPSAKY IUTYBaHHS B TEKCTI.
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Cnucok Jireparypu. CHHCOK BHKOPUCTAaHOI JIiTepaTypd OQOPMITIOETHCS BIIMOBIJHO 10 BHUMOT
JACTY 8302:2015 «bibmiorpadiune nmocuiaanHs. 3aranbHi MOMOXKEHHS Ta MPaBUIa CKIAJaHHs.

References. BiamoBigHo 10 BUMOr MDKHapOJHHX HAyKOMETPUYHHMX 0a3 — 3rigHO 31 CTaHIapTOM
Harvard (www.emeraldinsight.com/authors/guides/write/harvard.htm?part=2). bibxiorpadiuni naHi moBUHHI
MICTUTH (TpaHCIITepOBaHi JaTHHULICIO) MPIi3BUIIA Ta iHIiaJu BCIiX aBTOPIB CTATTI/KHMUIH, piK myOmikawii (B
KPYITIX AY)KKax), Ha3By XXypHaJIy/KHHTH, TOM 1 HOMEp BHITyCKY JXKypHany, (Il KHUT — BUIJABHUUTBO 1
Micle BUAaHHs), cTopiHKOBUH iHTepBan ctatTi, DOI (3a HasBHOCTI). [locunaHHs B TeKcTi Ha OMyOJIiKOBaHi
JiTepaTypHi JuKepena Ciifl HaBOOUTH HU(pPaMH y KBaAPaTHUX AY’KKAX, 110 BiANOBIJAIOTH MOPSIIKOBOMY
HOMeEpY JDKepena y NPUCTaTeiHOMY CIIHCKY.

IHocunanus Ha HeonmyOJIiIKOBaHI MaTepiaan He J03BOJISIIOTHCS.

Hanpuxknao:
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Marepianu, 1o myONiKYyIOTBCS B OKypHaNi, MWiMIATal0OTh BHYTPINIHEOMY 1 30BHIIIHHOMY
peleH3yBaHHIO, SKe 3MIIHCHIOIOTh WIEHW PEAKOJerii xypHaly, (axiBii BimnmoBigHoOi ramy3i. Penen3yBaHHS
MIPOBOIUTHCS KOH(DiMEHIIIITHO. Y pa3i HeraTuBHOI peleH3ii YU HAABHOCTI CYTTEBUX 3ayBaKeHb, CTATTH
Mo:ke OyTH BiiXuJieHa a00 MOBEPHYTA aBTOPOBi (aBTOpaM) Ha 100NPAI[IOBAHHS.

CrarTsi, momaHa 0e3 AOTPMMAaHHSA 3a3HAYEHUX BHMOI, ONYOJiKYBaHHIO He MilJArae.
BignoBinanbHicte 3a aoctoBipHicTh iHpopmanii, ¢akTiB Ta iHmKMX BigoMocTeil, MocHIaHbL Ha
HOPMATUBHI aKTH, WHMTATH, BJacHi iMeHa, a TakKoX NPAaBWIBHICTH MepeKJaxy HeCcyThb aBTOPH
nyoaikanii.

Jo crarTi aBTOpiB 3 iHIIMX YCTAHOB MOBHHEH [0JaBATHCh AKT E€KCHEPTU3U JAaHOI YCTAHOBH
110/10 MOKJIUBOCTI BigkpuToi myoJtikanii moganux Mmarepiaiis.

Pemaxmis 3amummae 3a cobor0 mpaBo BHOCHTH opdorpadivni, JTEKCHYHI Ta CHHTAKCUYHI 3MIHU Y
Matepian craTeid 0e3 y3ro/pKeHHS 3 aBTOPaMH 3a YMOBH 30epexeHHs 3Mmicty. B minomy BinmoBizaabHicTh
3a TEKCT CTATTi JIEKUTh HA AaBTOPAax.

Jlo TekcTy cTaTTi 000B'SI3KOBO JOMAETHLCS aBTOPCHKa JOBIIKA PO BCIiX CITIBABTOPIB

Peoxkonezcis 36ipnuxa 36epmacmobcst 00 a8Mopie 3 NPOXAHHAM OOMPUMYBAMUCH HATIEIHCHUX BUMO2 U000
oghopmaenHs nooanux cmameti
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