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JOCAIIXXEHHSI SIBHIIIA MITPAIIIl PYXOMHUX CIIOAYK $AYOPY B
I'PYHTAX IIPUBEPEIXHOI 30HH P. 'YCKA

C. B. Mamnaxl, 10. C. Bakaa2, I'. 5I. KacessHeHKO?3

Ha cb0200HiWHIl OeHb cnocmepizaembest 3SHaUHe 300pYOHEeHHSL IPYHMIB PISHUMU XIMIUHUMU
peuosuHamu, 8HACNIOOK Oif aHmMponozeHHo20 ¢haxmopy. OOHUMU 3 Hebe3neuHUX NOJIOMAHMIE, U0
3abpyoHotoms tpyHmu, € cnoayku @ayopy. OcHO8HUM OxKepesiom ix nompansisiHHs 00 TpyHmy €
8HeceHHsl pochamHux 006pus, 8 SKUX MICMSAMbCSL PAYopuou Yy euznsioi domiuor. B Yipaini npobnema
3a6pyOHeHHs TPYHMI8 h1yopudamu € 0cobUB0 AKMYALbHOI Uepe3 3HAUHL 0bcsieu azpapHo-
NPOMUCTIO8020 BUPOOHUUMEBA.

Cnoayku ©@ayopy cmaHoeisims ocobnugy Hebesneky uepes3 CnpoMOIKHICMb (X PYXOMUX (POSUUHHUX)
hopm nowuproeamucs (Mi2pysamu) Ha 3HAUHL 8I0CMAHL 8 TPYHMOBOMY po3uuHi. Lle obymoentoe
MOKSIUBICMb 306PYOHEHHSL mepumopiil, Ha skl 6e3nocepedHbo He 30UICHI08AI0Ch BHECEeHHSL 000pus.

Y ecmammi onucyemucst SHAUeHHs. cCnoayK @ayopy 05t HKUBUX OP2AHIBMIS, O MAKON HACAIOKU 11020
Hecmaui ma HAOUWKY 8 OP2aHIZMAX POC/IUH MA MEAPUH.

Bemaroeneno ¢popmu icHysarHs cnoayk Payopy 8 tpyrmax: pyxoma popma (PO3UUHHL hyopuou:
NaF, KF) ma Hepyxoma ¢popma (HeposuuHHL pryopuou: CaFz, AlFs, FeFs), axi 3Haxo0samucst 8 nOCMiliHiil
OuHaMIUHIlU pieHo8a3i. ONUCAHO OCHOBHIL UUHHUKU, U0 8NIUBAIOMb HA CNIBGIOHOULEHHS. MK
3a3HAUEHUMU POPMAMU 8 TPYHMI.

Y npoueci docnioxeHHs 30iCHEeHO 8UMIPHOBAHHSL BMICMY pYXoMux cnoayk @ayopy e ipyHmax
npubepesxHoi 30HU p. ['ycka. Y xo00i ananiszy npob tpynmy y 2021 p. 6y,10 8useneHo 3HaUHUL pieeHb
3abpyoHerHs. Bcmarosnero nepesuweHHs I/[K 6 9 npobax 3 18 (I /IK pyxomux chayopudis y tpyHmax —
2,8 mz/Ke). B cepedHbomy npobu 3 nepesuideHHsm I/IK manu emicm gpayopudis 4,95 mz/ke. B 2022 p.
nepesuwers I /1K pyxomux ¢payopudis 8 skodHill 3 20 npob He 6Y.,10 8UABNEHO.
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Y x00i aHanizy ompumaHux pesysrbmamia 00C/ONEeHO seuule Mizpayil pyxomux cnoayk @ayopy. Ans
BUSIBNIEHHSL SIBULLA Mi2payil pyxomux cnoayk Payopy e tpyHmax npubepexcHoi 30HU p. I'ycka 6Yyso
cKnadeHo cxemy 8iobopy npob mar, uiob npocriokyeamu emicm payopudie Ha NOMeEHUIUHOMY
Hanpsmky ix mizpauii. Came momy, npobu tpyHmy €i0bupanice napamu: mose» — vepea», oe ose» —
mepumopisi, Ha KoMy 30LUCHI08ANIOCL BHECEeHHsL hochamHux 0obpus, a «bepea» — bepezosa OLNSIHKA, ULO
€ Hab uxkeHor 00 mouku 8iobopy 3paska 3 noast. Onoke, 3a pesysemamamu 0ocnioxkers y 2021 p.
8USIBNIEHO 3HAUHUTL pigeHb Mizpauii pyxomux cnoayk Payopy. Sokpema 8 3 3 9 nap npob
cnocmepizaemocsi nepesuudeHHs I/IK sk Ha mepumopii OLSTHKU «noJies, mak i Ha OLstHYl «bepez». Lle
c8i0uUMb NPo negHUll 8K1A0 SI8UULA M2DAUIL 8 3a6PpYOHEHHS 008K pYXomumu cnoaykamu dayopy.
Taxum wuHOM, 3a pe3ybmamamul OOCTUONEHHSL BUSIBIEHO HASIBHICMb SI8UULA MIZPAULL PYXOMUX
hryopuodie Ha yux mepumopisix. IIpo ye ceiouums nepesuwierHs I /IK gpryopudie Ha OLIsTHKAX, HA KL
0obpusa He 8HOCUNUCDH. BipoeiOHUM ¢haKmopom, Ui0 Chpusie Mi2payii, € peavegh 00C0IKY8aHOL
Micuesocmi.

Knrouosei cnoea: cpnyopudu, cpayopudu 8 tpyHmax, NOMeHYIoMempuuHULL aHANi3, Mi2payis payopuois.

INVESTIGATION OF THE PHENOMENON OF MIGRATION OF MOBILE
FLUORINE COMPOUNDS IN THE SOILS OF THE COASTAL ZONE IN THE
GUSKA RIVER

S. V. Matsak, Yu. S. Vakal, G. Ya. Kasyanenko

Today, there is significant contamination of soils with various chemical substances due to the action of
the anthropogenic factor. Fluorine compounds are one of the dangerous pollutants contaminating the
soil. The main source of their entry into the soil is the application of phosphate fertilizers, which contain
fluorides in the form of impurities. In Ukraine, the problem of soil contamination with fluorides is
particularly relevant due to the significant volumes of agro-industrial production.

Fluorine compounds pose a particular danger due to the ability of their mobile (soluble) forms to spread
(migrate) over considerable distances in the soil solution. This leads to the possibility of contamination of
territories that were not directly fertilized.

The article describes the importance of fluorine compounds for living organisms, as well as the
consequences of their lack and excess in plant and animal organisms.

Forms of the existence of Fluorine compounds in soils have been established: mobile form (soluble
fluorides: NaF, KF) and immobile form (insoluble fluorides: CaF2, AlFs, FeFs), which are in constant
dynamic equilibrium. The main factors affecting the relationship between the specified forms in the soil
are described.

In the course of the research, the content of mobile compounds of Fluorine in the soils of the coastal zone
of the Huska River was measured. During the analysis of soil samples in 2021, a significant level of
contamination was revealed. Exceeding the MPC was found in 9 samples out of 18 (MPC of mobile
Sfluorides in soils — 2.8 mg/kg). On average, the samples exceeding the MPC had a fluoride content of
4.95 mg/kg. In 2022, none of the 20 samples exceeded the MPC of mobile fluorides.

During the analysis of the obtained results, the phenomenon of migration of mobile compounds of
Fluorine was investigated. To detect the phenomenon of migration of mobile compounds of Fluoride in
the soils of the coastal zone of the Huska River, a sampling scheme was drawn up in order to monitor
the content of fluorides along the potential direction of their migration. That is why the soil samples were
taken in pairs: "field" - "shore", where "field" is the territory where phosphate fertilizers were applied,
and "shore" is the coastal area that is close to the point of sampling from the field. Therefore, according to
the results of research in 2021, a significant level of migration of mobile compounds of Fluorine was
revealed. In particular, in 3 out of 9 pairs of samples, the MPC was exceeded both on the territory of the
"field" and on the "shore" site. This indicates a certain contribution of the phenomenon of migration to the
pollution of the environment by mobile compounds of Fluorine. Thus, according to the results of the
study, the presence of the phenomenon of migration of mobile fluorides in these territories was revealed.
This is evidenced by the exceedance of the MPC of fluorides in areas where fertilizers were not applied.
A likely factor contributing to migration is the topography of the studied area.

Keywords: fluorides, fluorides in soils, potentiometric analysis, fluoride migration.
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Berym.
[loripmieHHs cTaHy MOOBKiaag €
OJHI€IO 3 BasKAWBUX npobaem

ChbOTOAEeHHA. BoHO cIpuymHEHE HHU3KOIO
Pi3HHX IPUYMH, OJHA 3 OCHOBHHUX -—
aKTHUBHa IIPOMHCAOBA Ta TOCHOAapChKa
MiSIABHICTB AIOAUHU. BoHa IpU3BOOUTE 0
IIOTPAaNIATHHI B HaBKOAMIITHE
cepenmoBuUIlle  OaraTboxX  HeOE3MEeYHUX
XIMIiYHHUX PEYOBUH, Y TOMY YHCAl ¥ THUX,
II0 € HeXapaKTepHHMH [Ad II€BHHX
TepuTopii. OZHUMH 3 TaKHUX PEYOBHH €
CIIOAYKH dayopy. Yepes BUCOKY
peakiiiiny 3paTHiICTE Payopy  Horo
CIIOAYKH HPHUCYTHI B yCiX cepeaoBHIIIAX:
IpyHTaxX, BomodMax Ta aTmocdepi.
[TeBHUHM BMicT crioayK Payopy B HOBKiaai
00yMOBAEHUH IIPUPOIHHUMH YHUHHUKaAMU,
OCHOBHHMH 3 SKHX € BYAKaHIYHa
aKTUBHICTD, a TaKOXK HadgBHICTB
MiHepaaiB dayopy B IpyHTax Ta TipCBKUX
nmopogax, SKi OO0 TOrO 3K  3[OaTHi
BUBiTproBaTUch. [IpoTe mnoTpanagHHd
3HA4YHOI KIABKOCTI cHoayk Payopy B
JOBKIAASI CIIPUYMHEHO aHTPOIIOT€HHUM
dakTOpoM, IO MAy3KE YacTo IIPHU3BOIUTH
o dAayopHIHOTO 3a0pyAHEHHS.
OCHOBHHMMH [IKE€pPeAaMHU BHKHIIB €
CIIaAlOBaHHS KaM sTHOTO BYTiAAg,
BHUPOOHUIITBO (pochaTHUX HoOpUB (3 ixX
[IOJAABIIUM  BHECEHHSIM), AAIOMIHIIO,
CTaai, IerAM Ta IiHINOI MPOAYKILi, II10
MicTUTb croayku dayopy B CBoeMy
cKAQi. Bukuau dayopumin i3
3a3Ha4YE€HUX IMiAINPHUEMCTB IEPEBazKHO
3MiHCHIOIOTHCS B arMmocdepy.
[ToramHaoO4YNCh BOAAHOIO IIapolo, I
BUKHIU 3/1aTHI IIEPEHOCUTHCH Ha 3HAYHI
BifcTaHi Ta 3abpygHIOBATH MPHAETAL 10
BUPOOHHUIITBA TIPyHTH TH BOIOUMH,
BUNIaQJA04Yu 3 omnagamMu. Ilpuw 1mpomy
3a0pyMHEHHSa MOXKe BimdyBaTuch i B xo/i
BUKOPHUCTAaHHA  [POAYKILi, B  gKil
3aAHUIITNAACH IIEBHA KIABKICTH CIIOAYK
dayopy, HAITPUKAA: B XOi BUPOOHHUIITBA
dochaTHUX HOOPUB B HUX 3aAHIIIAIOTHCS
JOOMIIITKHY dayopumis, gKi IIOTIM
IIOTPAIALIOTE [0 IPYHTY IIPHU BHECEHHI
nobpuB (Fuge, 2019; Schlesinger et al.,
2020; Prabhu et.al., 2023).

[TuTaHHIM JOCAII?KEHHS
dayopugHoro  3abpynHEHHS  IPYHTIB
3aiiMaeTbCs HHU3KaA BYEHHUX II0 BCHOMY
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cBiTy, 30KpeMa AoraHartaH [1., Xemai M.,
Yoanec T'., Pobeptc A., Xyan B., Tao 3.,
Crooit II. Ta immi. Cepen yKpaiHCBKHUX
HAYKOBIIIB [JaHUM I[IUTAHHA 3aiiMaAlCh
Kaceaneunko T'., Poenxko /1., Porau 1.,
Epem T., €Epem X., Kprouenko H.O. Ta iH.,
(Loganathan et al., 2001; KacbaHeHKO i
Poenko, 2019; Gao et al., 2020; Xu et al.
2022; Huang et al., 2023).

Besnocepenuso BHUBYEHHAM
MOXKAMBOCTeH wMirparii crooayk Payopy
3aliMaaucb Taki BueHi gk dPyre P,
[Tikepinr B.®. (Pickering, 1985; Fuge,
2019).

B VYkpaini Haiibiapil 3ab6pyaHEeHUM
dAayopuoaMu cepemsoBHUIEM € I'PyHTH. Lle
00yMOBAEHO  BEAWYE3HHUMH  o0cAraMu
arpapHO-IIPOMHCAOBOTO BHPOOHUIITBA B
YKpaini, B xoai ob6pobku 3eMai B I'PYHT
BHOCHUTBCSI BEAWKAa KIABKICTH Pi3HUX
oo6puB, B TOMy 4uHCAi # dochaTHHX.
Bonu 3a3BHYail MIiCTIThb ¥ CBOEMY CKAagi
II€BHY KIABKICTb CHOAYK DPAyopy Yy BUTASIAL
[noMiniok. BHeceHHs 1IUX OOOPUB y I'PYHT
€ OCHOBHUM [IZKEPEAOM moro
3a0pynHeHHs dayopuaaMu. OKpiM IIHOTO,
HE3Ha4YHi KIABKOCTI CHOAYK Dayopy
MOKYTb HOTPANALTH [0 IPYHTY pa3oM i3
necrunmaaMu. (Loganathan et al., 2001;

Schlesinger et al., 2020; Cui et al.,
2021).

dayop € eaemMeHTOM, L0 y
HEBEAUKUX KIABKOCTSX notpibenH

TBapuHaM Ta AIOJWHI A HOPMAaAbHOTO
dopmyBaHHa 3y0iB Ta KicTok. IIpore
HOTPAIIAIHHS  HaAMIpHUX  KiAbBKOCTEY
dAyopy OO0 OpraHi3My MOXKe CIPUYUHUTU
pan HopylleHb B Horo pobori. OgHumu 3
OCHOBHHMX HETaTHBHUX HaCAIKIB [Ad
OpraHi3aMy € VIIKOMKEHHS 3y0iB Ta
KICTOK, a caMeé AaMKiCTb, 3MiHa KOABOPY
Ta CTPYKTYPH, nedopmartid,
VIIKOMKEHHSI Ta pyHHyBaHHS 3yOHOI
emaai (Fordyce, 2011).

[as pocanH dayop He € MOTPiOHUM
€AEMEHTOM, OCKIiABKH He
BUKOPHUCTOBYETbCA B ixX opranizmi. Ilpu
OTPAIIAFHHI  HE3HA4YHUX  KIABKOCTEU
dAyopUiB 10 OpraHisaMy pOCAWHH,
OiABILIICTHF BHUIAIB POCAWH 3OAaTHiI IIE€BHOIO
MipOI0 OHNHUPATUCh TOKCHUYHOMY BIIAUBY
dbAayopHUIiB, mpore ix rogaanblIle
HaAKOIIMYEHHS B POCAMHI  YUHUTH
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CEepHO3HUMN TOKCHUYHUU BIIAUB Ha Hei.
OcHOBHUMU IIOPYILIEHHSIMH, 110
IIOCTYIIOBO BUHUKAIOTh BHAaCALTOK
HaAKOINUYEeHHS (AYOPHUIIB Yy POCAUH, €
IIPUTHIYEHHS IX POCTy, MNOLIKOIKEHHH
XAOPOiAy, IO B CBOIO YEPTry ITPU3BOAUTH
[0 TPUTHIYEHHS IIpoliecy (POTOCHUHTESY,
VIIKOMXKEHHS KAITUH POCAMH Ta HEKpPO3
TKaQHWH, III0 B CYKYIIHOCTI MOXKe
IIPU3BECTH A0 3arubeai pocamH. CTyIiHb
VIIKOMXKEHb POCAMHHU HAIIPSMY 3aA€KHUTH
BiZl KiABKOCTi ITPUTHIUEeHHS HaAKOIIUYEHUX
B Hit dayopuniB (Hong et al., 2016;
Banerjee & Roychoudhury, 2019).

Y rpyHTax crioayKu PAyopy iCHYIOTH
B [IBOX OCHOBHHX (popMax: pO3YHHHA
(pyxoma) dopma (NaF, KF) Ta
Hepo3uuHHa (AlFs, FeFs, CaF»). Bka3zani
dopmu 3HAXOASIThCS B  MOCTiHHIN
OuHaMiuHili piBHoBa3i. CHiBBiIHOIIIEHHS
MiXX TUMHU (POpMaMHU 3aA€KUTH Bil HU3KU
dakTopiB, 30KpemMa THIy IPYHTY,
KHUCAOTHOCTI (mokazHwKa pH), coapoBOro
CKAaay IPYHTY, HasBHOCTI OKCHIIB Ta
TiAPOKCUIIB 3ajaiza Ta aAIOMiHiIO
(Pickering, 1985; Cui et al., 2021; Wehr
et.al., 2023).

Biapin  Hebe3redyHoOIO € pyxoma
dopma crioayk PAyopy, OCKIABKH BOHA
371aTHa AETKO IIepeMIIyBaTHUCh
(mirpyBaTH) pazom 3 I'PYHTOBUM
PO3YUHOM, 1110 IIPU3BOOUTH o
3a0pyAHEHHS I'PYHTIB, Ha AKi
6e3rocepeHbO He 31iHCHIOBAAOCH
BHeceHHd noOpuB. KpiM 11poro, mirpamnis
PYXOMHUX (PAYOPHIIB MOKE IIPU3BECTH 10
3a0pyAHEHHSI IMIPHUAETAUX BOIOUM IIMMU
crioaykamMu. [Ipu 11bOMy BOHa A€TKO
BCMOKTYETBCS POCAMHAMU Ta IOTPAIIASIE
OO AAQHIIOTIB JKUBAEHHS. BiagmosizmHo
POCAMHH BHpPOIIEHI Ha 3a0pyaHEHHX
dAyopHuIaMH TEPUTOPIIX MOXKYThH OyTHU
ITKiJAMBHUMU A BXKUBAHHS B 1KYy.

MeTa Ta 3aBZaHHSI HOCAiIMKEHHS.
MeTol0 [OCAIIKEHHA € BH3HAYEHHH
HasgBHOCTI gBUIIa Mirpamii pyxoMux
CIIOAYK PAyopy, a TakKoxXK CTyIeHd HOoro
BHPAXKEHOCTI B TIpPyHTax HIpUOEepeRHOL
3oHU p. 'ycka. BigmoBigHo 00 3a3Ha4YeHOi
ME€TH, IIOCTAaBA€HO HACTYIIHI 3aBAaHHA
JOCAII?KEHHS:

— Bu3Ha4YUTH BMICT PyXOMHX CIIOAYK
dayopy B 3pas3kax IpPYyHTY, IO
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BimiOpani 3 mpubepeskHOI 30HU
p.- I'ycka.

— Ha ocHOBI aHaaidy oTpUMaHUX
[JaHUX, BCTaHOBUTH CTYIIiHb
Mirpaitii pyXomMux croayk Pdayopy
Ta  (pakTOpH, HGKi Ha  IIe
BIIAUBAIOTb.

— [atu OLiHKY piBHIO (DAYOPHIHOIO
3a0pyaHEeHHS [OCAIIZKYBaHUX
TEPUTOPil, a TakKoXK CTYIIEHIO
BIIAMBY $BUIIlA Mirpamii pyxoMmux
dayopuaiB Ha 3a0pyMHEHHS.

Marepiaa i meTOAH.

Marepiarom IIAST
CTaaAu TIpoOH  TI'PYHTY
TepuTOpiii moBKoaa p. I'ycka. Binbip
3iMCHEHO 3 JIASTHOK II0AIB
CIABCBKOTOCIIOJAPCHKOI'0  BHUKOPHUCTAHHS
Ta I[IPHAETAOI 10 HHUX OeperoBoi 30HU
piukun. B xXomi mocaimkeHHs  OyAo
BimibpaHo aBi cepii mpob6 y 2021 p. Ta
2022 p. IIporarom 2021 p. BimibpaHo
3arasoM 18 mpob (9 3 Tepuropii moasg Ta 9
3 OeperoBoi 30HH). Y 2022 p. Bimibpano
3araaoM 20 mpo6 rpyHTy (110 10 mmpob 3
TepuTOopii 1moas Ta Gepera piukwH).

Binbip mpo6 rpyHTy 3mificHOBaBCs
3a CTaHOApPTHHUMH METOAUKaMH. 3TigHO 3
HUMH  Bigbip HOpoBOAATE  METOOOM
KOHBepTa. [Ad 11bOTO 3HIMAaeThCSI BEPXHIH
miap IPYHTY, IIICAS 4YOr0o 3iHCHIOETHCH
Bimbip S5 TOYKOBHMX MHOpob6 y Mexkax
yE9BHOIO KBajpaTra, L0 Mae po3Mip
IIPUOAU3ZHO 2x2 M, 4 pobu
BiAOMPAIOTBECA 3 KyTiB IIBOTO KBaaparty, a
1 B #ioro neHTpi. [licag 11bOTO 5 TOYKOBHUX
Ipo0 3MIHIyIoThCd i 3 HHUX (POPMYETHCH
3arasbHa Ipoba METOIOM KBapTyBAHHS.
CdopmoBana mpoba TMOMIIIAETECA B
repMETHYHY IIAQCTHKOBY Tapy, Ha 4KiH
PO3MIIIYIOTE HAAIIKY 3 BKa3aHHSIM JaTH,
Micig, TAMOMHH Bimbopy, a TakKoX
mucpy (MOPSAKOBOTO HOMEPY) HIpooHU
(fxicTs ..., 2006; Bigomyi ..., 2001).

YiTKO BHU3HA4YE€HOI MaKCHMAaAbHOI Ta
MiHIMaAbHOI TAMOMHU Bimbopy mpob He
BCTAHOBA€HO. BiAlloBiiHO  OCHOBHUM
KPHUTEPIEM, SKHM CAifl KEPYBaTUCH IIPH
BH3HA4YEHHI mOiama3oHy TAMOWH Bimbopy
IIpo6, € MeTa KOHKPETHOTO [IOCAIMKEHHS
Ta IIOKA3HUKHU I'PYHTY, IKi aHAAI3YIOTHCH.
A OocAiKeHHsT  SBUIIA  Mirparttii
pyxoMux CcroAyk @ayopy, HamMu O0yao

JIOCALIKEHHS
Bimibpani 3
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obpano raubuHy 5-20 cM. lle oGymoBA€HO
THUM, II0 OCHOBHA KIABKICTb PYXOMHX
dAyopHUIiB 30cepeakeHa caMe B IIbOMY
mianasoHi (AKicTe..., 2000).

[Tlicag  Bigbopy mpobm  I'pyHTY
IIPOCYUIYIOTH A0 IOBITPSHO-CYXOTO CTaHY,
VHUKAO4YH  IOTPAIIASHHS  Ha  HUX

COHSIYHOTO CBiTAa Ta 6€3 BUKOPHCTAHHS
HarpiBaAbHHUX IIPHAAAIB. 3 CyXoro IpyHTY
BHOAACIOTBCS BCI MeEXaHIYHi [JOMIIIKH,
IIiCAsT  9Yoro ©oro mOApPiOHIOIOTH Ta
IPOCIIOIOTH Ha CUTi, 3aAUMIAI0YN
dpakiito  YacCTHHOK  MeHIIe 1 MM.
Opep:kaHUY IPYHT BUKOPUCTOBYETHCS Y
IIPUTOTYBaHHI BUTSXKKHU AT
HOTEHIliOMeTpUYHOTrO aHaaizy (Bimomui
..., 2001).

Iasi  eKCTpakIlii pyXOMHX CIIOAYK
dAyopy, 3  HOiATOTOBAEHOIO  IPYHTY
BiAOUpaeTbcd HaBaxkka Macoro 10 T.
Bouna BHocutTbcsa B K0AOy ob0’emom 100
MA, O KO IIOTIiM OOA€ThCS €KCTPAreHT,
dKHUM BUCTyIIa€ aleTaTHO-IIUTPaATHUH
OydepHuil po3uuH 3i 3HadYeHHaAM pH 4,5-
S. [Ias BUAyYEeHHsS (PAYOPHIIB i3 I'PYHTY

Oya0 o00paHO eKCTpareHT i3 TaKuM
3HA4YCHHAM pH, OCKIABKH BOHO €
HaBoONITUMAaABHIIIIUM JAS
HOTCHLIiOMeTpI/I‘{OI‘O BHU3HAQ4YECHHA
PIBHAHHA ¥y =a+b*
-300 - | Koediujenr a (Intercept) -585,7 + 3,10537
KoediwjenT b (Slope) 56,7 0,9363
3aNWWKOBA CYMa KEAAPATIE 26,3
-350 | Koediuient Nipcoka 0,89959
KoediujeHT geTepmiHaLii 099918
Sopmeamcomisn | game
8-400—
=
1]
-450
-500
B o e e e e

E (MB)

dayopuniB. Ilpu HukuMx 3HadeHHd pH
CIIoCcTepiraerTbcs YTBOpPEHHS
acoritioBaHux CcHoAyk dayopy, 110
IIPU3BOAUTL [0 3MEHIIIEHHS aKTHBHOCTI
dAayopua-HOHIB y po34YmHI. BuayueHHs
dayopuaiB i3 IpyHTY BigOyBaeThcs
nmporaroMm 2 fgi6, 6e3 [OOTpalASHHS
COHSITYHOTO BUIIPOMiHIOBaHHSI. ITo
3aBEPIIEHHI0 EKCTPaKllii IIPOBOAUTHCH
QiAbTPYBaHHS BUTSZKOK, ITICASI YOO BOHU
MOXKYTb OyTu BHKOPHUCTaHI OAS
IIOTEHIIIOMETPHUYHOTO BU3HAYEHHS BMICTy
pyxoMux dbayopuaiB y I'PYHTI
(Kacbauenko i Manak, 2021).
BumiproBanHa BMicTy (PAYOPHUOIB Y
I'pyHTax OyAo 3[iHCHEHO 3a CTaHIAPTHOIO
METOAUKOIO0 MIPsIMOi HoTeHIlioMeTpii. [asa
IIbOTO BUKOPUCTAHO dayopua-
CEeAEKTUBHUU €AEKTPOLI, 110 Mae
Kpuctaaiuny wMembOpany i3 LaFs. [aa
3a0e3rnedyeHHsT TOYHOCTI  BHMIipIOBaHb
3MiliCHEHO  TIIoIlepenHe  KaaibOpyBaHHA
E€AEKTPOLY. KaniGpyBaabHi po34uHU
IIPUTOTOBAEHO 3 KpHcTasiguHoro NakF.
Konnenrparii dayopua-HoHiB B
KaAiOpyBaABHHUX pO3YMHAX CTaHOBHAU:
10-1, 102, 103, 104, 105 wMoab/A.
BignoBinHi KaaibpyBaabHi rpadiku 3a
2021 p. Ta 2022 p. HaBeneHo Ha puc. 1.

2022 p.

y=a+b™

PiBHAHHA

-300 =1 [KoediuienT a (Intercept) -570+ 3 86782

Koediuient b (Slope) 56,7 £ 0,9363

3anuwKoea cyma Keagparie 40,8
0,99924
0,99848

KoediuienT Mipcona

-350 4

KoediuieHT geTepminavji

CKOPUTOBAHHI Koe hiLieHT

AsTepmMiHaLil (adjusted) 0.99798

-400

-450

-500

-5650 T T

pF

Puc. 1. KaaibpyBaabHi rpadiku nag BuUMipioBaHHS BMicTy ayopuais (2021p./2022 p.).
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I3 pucyHKy 1 BHUAHO, IO IIOTEHIIiaA
dbAyOPUI-CEAEKTUBHOTO €AEKTPOLY
3HAXOOUTHCS B TNPAMIiMl 3aA€KHOCTI Bim
KOHIIEHTpallii dayopua-oHIB y
KaaiOpyBaabHUX pPO3YMHAX. BimmosigHO
el eAeKTpPOJ MOXKE€ BHKOPHCTOBYBATHUCH
OAd ~ TOYHOTO  BHU3HAYEHHS  BMICTY
dAyOpPUIiB Y TIPYHTOBUX BUTIXKKAX Y
aiamal3oHi  KoHIeHTparlii 105 -10!
MOAB/ A.

Pe3yAbTaTH Ta OOTrOBOpPEHHS.

A OOCAi>KEHHS SIBUIA Mirpartii
pyxoMux croayk @ayopy Oyau ob6pani
CIABCBKOTOCIIOAPCHKI IIOASI B3MIOBXK P.

I'ycka, ocCkKiaABKM Ha IX TepUTOpiro
PEeryAsspHO BHOCHATBHCH docdaTHi
nobpusa. IToaa po3MiIlieHi Ha

10

392
4 362

5 | : 1.4 1,33

L 093 "IN 0.93 1,02
1 0,75 £a
52 078

BMmicT pyxomux chopmM coriyopus WOHIB (Mr/kr)

1 2 3 4 5 6 7 8 9

7,20

IIiABUIIIEHHI JOBKOAA OeperoBoi 30HU
piYKY, BIANOBIAHO BHECEHI Ha TIOAi
dayopuau MOXKYTh TMIOTEHITIHHO

3a0pynHIoBaTu Oeper piykH, MIrpyrodu
CXHAAMH Pa30M i3 IPYHTOBHUM PO3YHHOM.

ITepen [OOCAIZKEeHHSIM SBUIIA
Mmirpaiiii, 6yAo HeOOXiqHO BH3HAYUTHU
O6esnmocepeHHLO  piBeHb  3abpyoHEHHS
Teputopii dayopumamu. JocainkeHHS
BMicTy (QAyopUAiB y TIpyHTax Ire€i
TepuTOopii HIpoBoAMAOCE Yy IHepiom i3
aucronana 2021 poky po cigyHa 2023
poky. [IpoTdarom 11s0ro repioxy BUMipsSHO
BMicT (hayopuaiB y 18 npobax BimibpaHux
y 2021 p. Ta 20 mpobax — B 2022 p.
PesyapTaT BHMiplOBaHb HaBEAEHO Ha
puc. 2.

5,86

5,09

110 174
133 & 1.39
o 097 1.1
\‘/\; 0,85 ! 093 pg5 098 0,82 089
1,07 1

10

11 12 13 14 15 16 17 18 19 20

Wucbp npobu
1 —npabu 2022 p., 2 —npobu 2021 p., 3 -TOK

Puc. 2. Bumict pyxoMux (pAyopHAiB y 3pa3Kax I'PyHTY 3 CiABCBKOTOCIIOaPCHKHUX
TepuTopit y 6aceiiHi p. I'ycka (2021-2022 p.).

BumiproBaHHa BMicTy (QAYOPHIIB Y
IPyYHTaxX [OOCAIIKyBaHOI TepuTopii B
2021 p. mnokazaso 3HAYHUH piBeHb ii
3abpynHenHs. [/IK pyxomux AyopUOiB y
I'pyHTaX CcKaagae 2,8 MI'/Kr TIPYHTY
(TFirieniyni..., 2020). Lle 3HayeHHd Oya0
rnepeBUIlleHO B 9 mpobax 3 18. ¥
cepeqHbLOMY ITpoOM 3 IIEePEeBHUIIEHHAM
I'’IK maam BMmicT dayopuaiB 4,95 mr/kr.
BiporigauMmu IIpUYUHaMH TaKUX
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IIEpEeBUIIIEHb € HaaMipHe
dochaTHUX TOOPUB.

y pe3yabpTarti OOCAIIZKEeHHS
3a0pyaHEeHOCTI dayopugamMu miei
TepUTOpii B 2022 p. OTPUMAaHO
IIO3UTUBHIII pe3yabTaTu. llepeBHUIIIEHD
I'IK pyxomux dpayopuaiB y xxkonHi#t i3 20
Ipo0 He Oyao BUSIBAEHO.
HattimoBipHIiIIUMH OpUYUHAMU TaKOIO
3HUXKEHHA € 3MEHIIEeHHd  KIiABKOCTI

BHECEHHHA
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BHECEHUX doccaTHIX o00pUB,
IIOTAMHAHHS II€BHOI YaCTHHU PyXOMHUX
cmoayk @PAyopy POCAMHAMH, a TaKOXK

3B’I3yBaHHd PYyXOMHX (AyopHIAiB y ix
HepyxoMi popMH.

[Asi BUSBAGHHA sBUINA Mirpartii
pyxomux croayk dayopy, cxemy Binbopy
Ipo6 OyAO CKAQOEHO TaKWM YHUHOM, II100
IIPOCAIAKYBaTH BMICT (QAyopHAiB Ha
HOTEHIIHHOMY HaOpsMKy ix wMirparii.
BigmoBimHO @m0 1BOTO, TIPOOH TIPYHTY

BiIOMpaAUCh IapaMU: «II0Ae» — «0eper, ae
Ha g9KOMY

(IIOA€» — TEPUTOPIT II0A4,

9 r

BmicT pyxomux cpnyopuais (Mr/kr)

3MiMCHIOBAAOCH BHECEHHs ¢ocdaTHHX
nobpuB, a «beper» — OeperoBa MOiASHKA,
110 € HaOAMKEHOI0 MO0 TOYKH Bigbopy
3paska 3 1moasd. [lpu 1poMy OiASHKH
«Oeper» 3HAXOASATHCSI HHUXKYE MIATHOK
«TIOAE», 14 (0) BAQCHE 00yMOBAIOE
MOZKAUBICTD Mirparii pyxoMux
dayopuniB. 3arasom y 2021 p. 0Oyao
BigibpaHo 9 mmap npo0.

[H(popManiito mpo BMicT PAyOPHUOIB
y mpobax y 2021 p., BimiOpaHmx Ta
3rpyloBaHUX IlapaMu («<oae» — «beper),
HaBeIEHO Ha puc. 3.

Homep napu npo6
1 — ginaHka «beper», 2 — ginAxHka «lone», 3 — IOK

Puc. 3. IlopiBHSHHA BMicTy payopHuaiB Ha miagHKax «Iloaer/«Bepem y 2021 p.

Y xomi aHaaidy BMICTy PYyXOMHX
crioAyK PAyopy B I'PYHTI 3 ypaxyBaHHAM
ocobamBocTel ix  Bimbopy mapammy,
BCTAHOBAEHO, III0 y 8 i3 9 map 3pas3kKiB
KOHIIeHTpawia @QAyOpHUAiB Ha JiATHIL
«IIOA€» BUIIE, Hi3K Ha OiAgHLi «Oeper (B
napi 14-13 3HA4YEHHI € yxKe
0AM3BKMMHU), IpPH LILOMy B 3-X IHapax
nnpob 3HaueHHsa [JIK € mepeBUIIIEHUM Ha
000X CKAQIOBUX HiAgHKax mapu. Lli mani
CBiIYATh IIPO MOKAUBICTH 3a0pyaHEHHS

pyxomuMmu crnoaykamu — dayopy  THX
TEepUTOpPifi, Ha gKi 0e3mocepenHbO
nobpuBa He BHOCHAHCH, III0 HMOBIPHO
CIIPUYMHEHO SBUIIEM  Mirpamii mmx
crioayK. Haiibiapimoro Mipor  sBUIIE

Mirparnii IpocAiIKOBYETHCA B IIapax MIpob

150

Ne 1,2,4,6,7,8. IIpu upomMy B Iapax
apob Ne 3, 5,9 IIOMiTHA 3HaYHAa
po3bixkHiCTE Yy  3HAYEHHSX  BMICTy
dAyOpPHUOIB HA MIATHIIL «IIOAE» Ta «Oeper.
lle cBig4uTH OPO MEHIILY iHTEHCHUBHICTH
Ipolecy Mirpaiiii Ha IUX OiASHKaxX, a
OAEKyAN MaliKe TIIOBHY BiICyTHICTB
poro gBuia (mapa 1mpo6  No 3).
VMOBipHMMH IPUYMHAMH IIBOTO MOIKE
OyTH MeHIIa IIBHAKICTL Mirpaiii Ha
3a3Ha4YeHUX MiATHKAX, Yepe3 0COOAMBOCTI
peabedy, abo HecHmiBHaiHHS HaIIPsIMiB
Mirpanii pyxomMux (AyOpPHAIB 3 IOAT Ha
KOHKPETHHUX MiATHKaX 3 TOYKOIO BiAbOpy
Ha Oepeasi.

Binbip 1pob6 masd  OOCAiIKEHHS
dBUIIA Mirpatlii pyxoMux croayk Payopy



Ukrainian Journal of Natural Sciences No3

Yrpaincokuil okypHan npupooHuuux Hayk Ne3

B 2022 p. Oyao 3mificCHEHO 3a CXEMOIO
IIOAIGHOIO 0 MUHYAOTO POKY. BimmosigHo
mpobu TIpyHTy Bigbupasuch Iapamu
«a1oae» — «0eper. 3araaom y 2022 p. 6yao
Bigiopano 10 map mpob. Y BimiOpaHmx
npobax OyA0 BH3HAYEHO BMICT PYXOMHUX
dayopuaiB i, criparyuch Ha Ii OaHi,

25

2,0

1,9

1

t=)

0,5

BMicT pyxomux donyopuais (Mr/kr)

0,0
1 2 3 4

5

OOCAIIZKEHO IPUCYTHICTH ABUIIA Mirpartii
IIUX CIIOAYK.

[HnpopMmartiito 3 IMOPiBHIHHAM BMICTY
pyxomux ayopuzniB y npobax B 2022 p.,
3rpyIIOBaHUX IIapaMu («I1ose» — «Deper),
HaBeIeHO Ha puc. 4.

AN\

1

Homep napu npob
1 — gingHka «Beper», 2 — ginadka «lMone»

Puc. 4. [lopiBHaHHSA BMicTy payopuaiB Ha aiagaakax "Iloae"/"Beper" y 2022 p.

Y 2022 p. 6yao Binmibpano 10 map
npod  rpyHTy @ («moae» —  «Bepem).
[TopiBHAHHA BMIiCTy (QAyOpPHIAIB y IHUX
npobax mokazaao, 1o y 7 i3 10 map mpob
BMICT (PpAyOpPHIIB Ha MOIATHKAX «II0AE»
IIEpEBUIIyE BMICT Ha MOiAgHKax «Geper,
Opu LboMy iHHOII 3 @mapu MawTh
HabOAMIKEHI 3Ha4YeHHs, 3 IlepeBasKaHHIM
BMiCTy (pAyOopHAiB Ha miAgdHI «Oeper». Y
I[iAOMy 3HA4YeHHd BMICTy (PAyOpHIAIB Ha
OIASTHKaxX «IIoA€» Ta «Oeper € GAU3BKUMH
B ycix mapax HOpo0, III0 CBiAYUTE IIPO
HagBHICTb Mirpamii 1mx croayk. I[Ipore
BapTO 3asHayutH, mo B 2022 p. B
XKOOHIH 3 mpob TIpyHTYy He Oyao
IIEPEBUIIIEHO 3Ha4YeHHHA 'K A
dayopuais (Tirieniyni ey 2020).
BigmoBigHO gm0 1HOTO, XOY  SBUIIE
mirpauii dayopuniB i3 TepuTopii moada B
2022 p.  OPOCAIAKOBYETBCA  3HAYHOIO
Mipolo, BOHO He INIPU3BOAUTH [0

151

3a0pyqHEHHS T[IPHAETAUX TEPUTOpPiH, a
Bi/I[IIOBiZTHO HE€ YHMHUTH CyTTEBOI'O BIIAUBY

Ha crad IIOBKiAAS JOCAIT3KyBaHO1
MiCIIEBOCTI.
BHuCcHOBKH.

OT:Ke, Ha OCHOBI O/lep)KaHUX MAaHUX
MOJKHA 3POOHUTH BHCHOBOK IIPO HasIBHICTh
dBUIA Mirparlii pyxoMux croayk Payopy
B I'pPyHTax Ha [OCAIIZKYBaHHUX
TepuTopiax. OmHuM i3 dakTopiB, 1110
CIIpUSIE IILOMY € peAbed TOCAIMKYyBaHOL
30HH, piuka Ta 1i Oeperosi, IiAMHHI
TepUuTOpii 3HAXOOUTHCA B 3arAUOAEHHI,
gyepes 1e pyxoMuil ®ayop, 110 HOTPAIIUB
y IPyYHT Ha II0Ai, BHACAJOK BHECEHHS

dochaTHUX n06pusB, pasom i3
IPYHTOBUMH  BOIAMH  MOIKE€  AETKO
IIepeMillyBaTHCh CXUAAMU o
IpubepesrHo1 TepuTopii Ta

3abpynHoBaTu ii. OcobauBY HebOe3meky
SBUIIE Mirpailii cTaHOBUTH Ha MdiATHKaX
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i3 mepeBumeHHaM [JK  dayopunis,
OCKIABKHM B TaKHX BUIIaJKaX iCHYE€ PHU3UK
3HA4YHOI'0O 3a0pyAHEHHS IIPUAETAUX
TEPUTOPiN.

Y 2021 p. BHIBAGHO 3HAYHHU
piBeHB Mirpailii pyxoMux croayk Payopy.
Bokpema y 3 i3 9 map 1mpob
criocTepiraerbesa IepeBullleHHs [JIK gk
Ha TepuTopii AIASHKH «IIoA€», TakK 1 Ha
miagHI «0eper». lle CBiZYUTD ITPO IEBHUH
BKAQ SBHIIA Mirpailii B 3a0pyaHeHHs
JOBKIAAS PYXOMUMH CIIOAyKaMu Payopy.
[Ipu 11bOMY CAif 3a3HAYUTH, 1110 B AESIKHUX
napax npo® gBuille Mirpamnii maiizke He

IIPOCAITKOBYETECS, IIOIIPU BUCOKHUH BMICT
dAyopuOiB HA MIASHIL «rtoAe». BiporimHo,
11e OOYyMOBA€HO BIiAMIHHICTIO HaIpaMy
Mmirparii Bim TouykH Bimbopy Ha HiAgGHIT
«beper y mii mapi, abo K IIepernoHaMHu
Mmirpamii, mo o00yMoOBA€Hi peAbed oM
TepuTopii Binbopy wiel napu npood.

Y 2022 p. TaKOX IIPOCALIKOBYETHCS
gaBule Mirpamii pyxomMux (AyopHmIiB.
[Ipu upomy nepeBuieHHd [/IK y mpobax
I'PYHTY BiAcyTHi. BiamosigHo mirpamnid, B
IIbOMY BHIAQJAKy, HE [IPU3BOAUTL [0
3a0pyAHEHHS TEPUTOPiH IIPHUAETAUX [0
TOYKH BHECEHHsI (pochaTHUX NOOPUB.

CnHCOK BHKOPHCTAaHHX JIKepeA

Bimomui HopMaTuBHiI HOKyMeHTH. [HCTpyKIlia 3 Binbopy IIpob Boau Ta I'PYyHTY OAS
IIPOBEIEHHSI BUMipIOBaHb B Aabopatopiax [epxkBoarocny Ykpainu: BH/ 33-1.1-17-2001.
Kuis: [lep:kaBHUNE KOMITET YKpaiHU II0 BOOHOMY rocrogapctsy, 2001. 22 c.

lirieHiyHi peraaMeHTH [JOIIyCTUMOIO BMICTy XIMIYHUX pPEYOBUH Yy IPYHTI.
Odpinitinmit BicHUK YKpainu Big 18.08.2020 p., Ne64, C.107.

Kacvaaenko I'. 4., Mamak C. B. IlpoGaeMH IOTEHI[iOMETPUYHOTrO BHU3HAYEHHS
pyxauBux dopMm dayopy B IpyHTI. IIpupoorHuui Hayxku. 2021. Bum. 18. C.74-78. doi:
https://doi.org/10.5281/zenodo.5736349

Kaceauenko I'. 4., Poenko /. B. Bwmict dayopua-#ioHiB y moBkiaai M. Cywmwu.
Marepiaan VIII MixkHapomgHoi HayKoBOI KOHQepeHIlil «AKTyaAbHI IPOOAEMH TOCAIIKEHHS
noBKiaas». 2019. C. 260.

jlkicte T1pyHTY. Binbip npo6 wuacrtmma 1: ACTY ISO 10381-1:2004. Kuis:
epxcrioxxuBcrangapT YKpainu, 2006. 68 c.

Banerjee A., Roychoudhury A. Fluorine: a biohazardous agent for plants and
phytoremediation strategies for its removal from the environment. Biol Plant. 2019. 63(1).
P. 104-112.doi: https://doi.org/10.32615/bp.2019.013

CuiS.F., FuY.Z.,, ZhouB.Q., LiJ. X.,, HeW.Y.,, YuY. Q., Yang J.Y. Transfer
characteristic of fluorine from atmospheric dry deposition, fertilizers, pesticides, and
phosphogypsum into the  soil. Chemosphere. 2021. 278. 130432. doi:
https://doi.org/10.1016/j.chemosphere.2021.130432

Fordyce F. M. Fluorine: human health risks. Encyclopedia of environmental
health. 2011. Vol. 2. P. 776-785.

Fuge R. Fluorine in the environment, a review of its sources and geochemistry.
Applied Geochemistry. 2019. 100. P. 393-406.
doi:https://doi.org/10.1016/j.apgeochem.2018.12.016

Gao Z., Shi M., Zhang H., FengJ., Fang Sh., Cui Y. Formation and In Situ
Treatment of High Fluoride Concentrations in Shallow Groundwater of a Semi-Arid
Region: Jiaolai Basin, China. International Journal of environmental research and public
health. 2020. 17(21). 8075. https://doi.org/10.3390/ijerph17218075

Hong B. D., JooR. N., Lee K. S., Lee D. S., RhiedJ. H., Min S. W., ChungD. Y.
Fluoride in soil and plant. Korean Journal of Agricultural Science, 43(4). 2016. P. 522-
536. doi: https://doi.org/10.7744 /kjoas.20160054

Huang B., Li J., Wu Z., Xiong R., Wang B., Xie Y. Migration and Transformation of
Phosphorus from Phosphogypsum Leachate with High Fluorine Concentration in Soils
with Different pH Values. Journal of environmental engineering.
2023. Vol. 149(5). 4023013. https://doi.org/10.1061 /JOEEDU.EEENG-7108

152



Ukrainian Journal of Natural Sciences No3

Yrpaincokuil okypHan npupooHuuux Hayk Ne3

Loganathan P., Hedley M. J., Wallace G. C., Roberts A. H. C. Fluoride
accumulation in pasture forages and soils following long-term applications of
phosphorus fertilisers. Environmental pollution. 2001. 115(2). P. 275-282. doi:
https://doi.org/10.1016/S0269-7491(01)00102-6

Pickering W. F. The mobility of soluble fluoride in soils. Environmental Pollution
Series B, Chemical and  Physical. 1985. 9(4). P. 281-308. doi:
https://doi.org/10.1016/0143-148X(85)90004-7

Prabhu S. M., Yusuf M., AhnY., Park H. B., ChoiJ., Amin M. A., Jeon B. H.
Fluoride occurrence in environment, regulations, and remediation methods for soil: A
comprehensive review. Chemosphere. 2023. 324. 138334.doi:
https://doi.org/10.1016/j.chemosphere.2023.138334

Schlesinger W. H., Klein E. M., Vengosh A. Global biogeochemical cycle of
fluorine. Global Biogeochemical Cycles. 2020. 34(12). e2020GB006722. doi:
https://doi.org/10.1029/2020GB006722

Wehr J. B., Dalzell S. A.,, Menzies N. W. (2023). Predicting and modelling the
availability of fluoride in soil from sorption properties. Soil Use and Management.
2023. 39(1). P. 521-534. doi: https://doi.org/10.1111/sum.12854

Xu P., Bian J., Li Y., Wu J., Sun X., Wang Yu. Characteristics of fluoride migration
and enrichment in groundwater under the influence of natural background and
anthropogenic activities. Environmental pollution. 2022. Vol. 314. 120208.
https://doi.org/10.1016/j.envpol.2022.120208

References (translated & transliterated)

Vidomchi normatyvni dokumenty. Instrukcija z vidboru prob vody ta gruntu dlja
provedennja vymirjuvanj v laboratorijakh Derzhvodghospu Ukrajiny: VND 33-1.1-17-
2001. [Official regulatory documents. Instructions for taking water and soil samples for
measurements in the laboratories of the State Water and Agricultural Service of Ukraine: VND 33-
1.1-17-2001.] (2001). Kyiv: Derzhavnyj komitet Ukrajiny po vodnomu ghospodarstvu, 22.
[in Ukrainian].

Hihiienichni rehlamenty dopustymoho vmistu khimichnykh rechovyn u grunti.
[Hygienic regulations on the permissible content of chemical substances in the soil]
(2020). Ofitsiinyi visnyk Ukrainy vid 18.08.2020 r. [Official Gazette of Ukraine dated
August 18], Ne64, 107. [in Ukrainian]

Kasianenko, H. Ya., & Matsak, S.V. (2021). Problemy potentsiometrychnoho
vyznachennia rukhlyvykh form fluoru v grunti [Problems of potentiometric determination
of mobile forms of fluorine in soil]. Pryrodnychi nauky [Natural sciences], 18, 74-78. doi:
https://doi.org/10.5281 /zenodo.5736349 [in Ukrainian]

Kasianenko, H. Ya. & Roienko, D. V. (2019). Vmist fluoryd-yoniv u dovkilli m.
Sumy [The content of fluoride ions in the environment of the city of Sumy|. Materialy VIII
Mizhnarodnoi naukovoi konferentsii «Aktualni problemy doslidzhennia dovkillia»
[Materials of the VIII International Scientific Conference "Actual Problems of
Environmental Research]|, 260. [in Ukrainian)]

Yakist gruntu. Vidbir prob chastyna 1: DSTU ISO 10381-1:2004. [Yarist’
hruntu.Vidbsr prob chastyna 1: DSTU ISO 10381-1:2004.] (2006). Kyiv:
Derzhspozhyvstandart Ukrainy, 68. [in Ukrainian]

Banerjee, A. & Roychoudhury, A. (2019) Fluorine: a biohazardous agent for plants
and phytoremediation strategies for its removal from the environment. Biol Plant.. 63(1).
P. 104-112. https://doi.org/10.32615/bp.2019.013 [in English]

Cui, S. F., Fu, Y. Z.,, Zhou, B. Q., Li, J. X., He, W. Y., Yu, Y. Q. & Yang, J. Y. (2021)
Transfer characteristic of fluorine from atmospheric dry deposition, fertilizers, pesticides,
and phosphogypsum into the soil. Chemosphere.. 278. 130432.:
https://doi.org/10.1016/j.chemosphere.2021.130432 [in English]

153



Ukrainian Journal of Natural Sciences No3

Yrpaincokuil okypHan npupooHuuux Hayk Ne3

Fordyce, F. M. (2011) Fluorine: human health risks. Encyclopedia of
environmental health.. 2. 776-785. [in English]

Fuge, R. (2019) Fluorine in the environment, a review of its sources and
geochemistry. Applied Geochemistry.. 100. 393-406.
https://doi.org/10.1016/j.apgeochem.2018.12.016 [in English]

Gao, Z., Shi, M., Zhang, H., Feng, J., Fang, Sh. & Cui, Y. (2020) Formation and In
Situ Treatment of High Fluoride Concentrations in Shallow Groundwater of a Semi-Arid
Region: Jiaolai Basin, China. International Journal of environmental research and public
health.. 17(21). 8075. https://doi.org/10.3390/ijerph17218075 [in English]

Hong, B. D., Joo,R.N., Lee,K.S., Lee,D.S., Rhie,J. H.,, Min,S.W. &
Chung, D. Y. (2016) Fluoride in soil and plant. Korean Journal of Agricultural
Science, 43(4). . P. 522-536. https://doi.org/10.7744 /Kkjoas.20160054 [in English]

Huang, B., Li, J., Wu, Z., Xiong, R., Wang, B. & Xie, Y. (2023) Migration and
Transformation of Phosphorus from Phosphogypsum Leachate with High Fluorine
Concentration in Soils with Different pH Values. Journal of environmental
engineering.. Vol. 149(5). 4023013. https://doi.org/10.1061/JOEEDU.EEENG-7108 [in
English]

Loganathan, P., Hedley, M. J., Wallace, G. C. & Roberts, A. H. C. (2001) Fluoride
accumulation in pasture forages and soils following long-term applications of
phosphorus fertilisers. Environmental pollution.. 115(2). 275-282.
https://doi.org/10.1016/S0269-7491(01)00102-6 [in English]

Pickering, W. F. (1985) The mobility of soluble fluoride in soils. Environmental
Pollution Series B, Chemical and Physical.. 9(4). 281-308. https://doi.org/10.1016/0143-
148X(85)90004-7 [in English]

Prabhu, S. M., Yusuf, M., Ahn, Y., Park, H. B., Choi, J., Amin, M. A. & Jeon, B. H.
(2023)Fluoride occurrence in environment, regulations, and remediation methods for
soil: comprehensive review. Chemosphere. 324. 138334.
https://doi.org/10.1016/j.chemosphere.2023.138334 [in English]

Schlesinger, W. H., Klein, E. M. & Vengosh, A. (2020) Global biogeochemical cycle
of fluorine. Global Biogeochemical Cycles.. 34(12). e2020GB006722.
https://doi.org/10.1029/2020GB006722 [in English]

Wehr, J. B., Dalzell, S. A. & Menzies, N. W. (2023). Predicting and modelling the
availability of fluoride in soil from sorption properties. Soil Use and Management.
2023. 39(1). 521-534. https://doi.org/10.1111/sum.12854 [in English]

Xu, P., Bian, J., Li, Y., Wu, J., Sun, X., & Wang, Yu. (2022) Characteristics of
fluoride migration and enrichment in groundwater under the influence of natural
background and anthropogenic activities. Environmental pollution. 314. 120208.
https://doi.org/10.1016/j.envpol.2022.120208 [in English]

Orpumasno: 3 TpaBHd 2023
[Ipuitinaro: 22 tpaBH4ga 2023

154



