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BB YOAOBPEHHA HA TPAHCJIOKALIKO IOHIB KAAMIIO
B KANYCTY BIJIOrosioByY HA TEMHO-CIPOMY IPYHTI

B. B. CHimuHcbKutl, okmop 6ios102i4HUX HayK
A. I. Qudie, acnipaHm
JlbeiecbKul HauyioHanbHUU az2papHuUll yHisepcumem

[ModaHo pe3ynbmamu 0ocsidxeHb Wo0o 30amHocmi 00 HazpoMadXeHHS
Karycmoro 6iroeosioeoro ioHie Cd 3anexHo 8i0 y0obpeHHS.
Kanycma, ion memany, y0o6peHHs, mpaHc10Kauisi.

lMocuneHun aHTPONoOreHHMMn TUCK Ha bBiocdepy cnpude NOCTIMHOMY
HaOXOOKEHHIO 3HAYHOI KiNbKICTb XiMIYHMX PEYOBWUH, cepen SKUX MNPIOPUTETHUMM
TOKCMKaHTaMW BBaXaloTbCH Baxki Metanu (BM) Ta ix cnonyku, wWo WBUAKO
aKyMyIoKTbCS B XUBUX OpraHiamax, y nigBULLLEHUX KOHUEHTPaUIsSX NOpYLYOTb YCi
npouecn meTtaboniamy, noTpannsalTb Yy 6ioreoxiMiyHMM KONOOOIr i BUKIMKAKOTb
Aerpagauito Ta pynHyBaHHA NpupoaHnx ekocuctem [1].

B YkpaiHi 6inbwe 23 % opHux 3emenb 3abpygHeHi BM, Takumun sk Cd, Pb, Hg,
Zn, Ni, Co, Cr Ta iH. [4]. TPYHT € HalBINbWMM NPUPOOHUMU Bi0AKOMYNSTOPOM
nontoTaHTiB. CTyniHb HeraTueHOI Ail BM Ha rpyHT 3anexuTb 9K Big napameTpis
camoro 3abpyaHeHHs (ocobnmeBocTen Mirpadii, IHTEHCUMBHOCTI HaOXOMXKEHHS W
dopmu Cnonykn, TePMiHy ekcnoauuii, BigCTaHi Big gxepena emicii, onagis), Tak i Big
reHeTUYHUX BMaCTMBOCTEWN I'PYHTY, 30KpeMa rpaHysioOMEeTPUYHOro ckrnagy, BMICTYy
OpraHiYyHMX peyoBMH Ta I(HWWUX Makpo- W MIKpOeSieMeHTIB, OKUCIHBanbHO-
BiQHOBHMX YMOB, BionoriyHol akTuBHOCTI [3]. 3 nomixk BM kagmin (Cd) HanexuTb 0o
Hebe3neyHnx enemeHTiB |-ro knacy, Skum nignarae NOCTIMHOMY KOHTPOM0. 3Ha4Hy
3arposy [ans arpoekoCUCTEMUM CTaHOBUTb HaKOMUYeHHA pyxomux cnonyk Cd y
BEPXHIX rOpu3oHTax rPYyHTOBOro nMpodinto, LWo HeraTMBHO MO3HAYaeTbCAa Ha
€KOMNOTiYHiN PYHKUII FPYHTY, 3MIHKOE MOrO XiMiYHi U gOi3UYHI BNAcTMBOCTI Ta 3HWXYE
NPUPOOHY POAIMICTb, WO MPU3BOAUTL OO0 3HMXKEHHS BPOXAaMHOCTI | SAKOCTI
arponpoaykuii poCcrMHHULTBA, pobuTh Ti HeBEe3NeYHo AN CNoXUBaHHS [2, 6].

Baxnueoto npobnemoto B YKpaiHi € 3abe3neyeHHa HaceneHHsi NOBHOUIHHUMN
NpoayKTamMu Xap4yyBaHHS, cepes sikux ocobnmnee mMicue 3anmMaroTb oBoYi. HanbinbLu
LiHHOK 1 PO3MNOBCIOKEHOK OBOYEBOIK KYNbTYpOK € KarnycTta Ginororiosa, npote
GionioriyHa CTINKICTb (TONEepaHTHICTb) Uiel pocnuHM 0 HeraTuBHOI Aii ioHiB BM
He3HayHa, Yepe3 Te BOHa 34daTHa NOrnvHaTWU 3 I'PyHTY KagMin B NiABULLLEHUX
KiflbKoCTSX [6]. He3sHauHy 4acTuHy ioHiB Cd pocnunHu KanycTu 3gaTHi nepeBoauTu B
HEeaKTUBHUN CTaH We A0 MNPOHUKHEHHSI B KOPiHHA, e 3aTPMMYETbCS IX OCHOBHA
YacTuMHa, XxernatyBaTuM 3a [AOMNOMOrol KOpPEeHeBUX BuAiNeHb Ta agcopbyBaTtu Ha
30BHILLUHIA NOBEPXHi KOpiHHA. 3a 6inblwux piBHiB 3abpygHeHHs Cd iHakTuBauis
TOKCUKaHTIB y FPYHTI CTae HemnoBHO, i MOTik kaTioHiB Cd** nounHae aTakyBaTu
KOpiHHSA. 3abpyagHeHHa kanyctn Cd moxe 6yTu TakoX BHACnigoK 6€3KOHTPONBbHOMo
3aCTOCYBaHHS MiHEpanbHUX Ta OpraHiyHMx JOOpMB i XiMIYHUX MeniopaHTiB, 3 MOMIX
AKMX MiHeparnbHi NOTpebyroTb NOCTIMHOIO EKOTOKCUKOMONYHOro KOHTponto [1, 3, 6].
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3axoan Woao 3HMXKEHHs pyxnmBocTi BM B TpyHTIi #  3MEHLUEHHSA iX
HarpoMamXeHHs B POCIMHHIN NpoayKuii, NOBUHHI 6a3yBaTucs nepwl 3a BCe Ha
o0niky piBHA 3abpyaHEHHs TepuTopil N Ii3NKO-XiMIYHMX BIIACTMBOCTAX I'PYHTIB,
TUMNY CiNbCbKOroCcrnogapCbKoro BUMKOPUCTAHHA arpoekocucTemu, BignoBiAHOMY
nigbopy KkynbTyp, ciBo3miHm [1, 2]. Came TOMy fOnda 3B’si3yBaHHA 0CO6nMBO
HebBe3neyHux pyxommx cdopm Cd?** konoigamu (6asoigamun) rpyHTY N 3MEHLLEHHS iX
TpaHCnoKauii B POCAWH KanycTu 3 OA4HOYACHUM i1 yOOOpPEHHAM KUChi IFpyHTU
BanHyTb, BWKOPUCTOBYKOTb MiHEparnbHi Ta oOpraHidHi gobpuea, iOHOOOMIHHI
PEYOBMHK, LLO B LINOMY ONTUMI3YyE CTaH I'PYHTOBOI €KOCUCTEMWU. Tak, BHECEHHS
Takux opraHiyHmx gobpwus, sik biorymyc, cnpusie 36inblIEHHIO B I'PYHTI OpraHivyHol
PEYOBUMHK, WO CTUMYNIOE MikpobionoriyHy W (epMeHTaTUBHY aKTUBHICTb,
HaOXOO)KEHHSA NErkoaoCTYNHUX eNEMEHTIB XWUBMEHHs, YTBOPEeHHs rymycy. MiuHa
agcopbuis Cd i3 rymycom BigbyBaeTbCa 3a yyacTi rymariB, KapbOKCUMMbHUX (-
COOH) i deHonbHux (-OH) rpyn, wnaxom 3amiweHHa BogH Ha ioH Cd [3].
Kanycta kanbuentbHa pocnuHa. BanHyBaHHSA T['PYHTY 3MEHLUYE KUCNOTHICTb
'PYHTOBOIO PO3YMHY [O HEWUTPASIbHOro, Y SAKOMY CYTTEBO 3HWXKYETHCS PYXOMICTb
ioHiB Cd, ski ocamXyoTbCa 11 3aKpinmoTbesa B Oinbll CTiMKi HEPO3YNHHI KapboHaTH
CdCOs. KanbLin cnpusie yTBOPEHHIO CTPYKTYPU FPYHTY Ta Koarynsuii konoigis. Kpim
TOro, y HeNTpanbHOMY CepefoBULLi YTBOPKETLCSA OAHOBASIEHTHUIA TiAPOKOMMNEKC
CdOH?*, sikui He Bepe yyacTi B iOHOOBMIHHOMY KOMMMEKCi, a TaKoX NPOSIBIAETLCS
aHTaroHiam Mk kaTioHamu Ca®* nig yac 3amiweHHs Ha Cd* Yy MOrMNUHaHHI
pocnMHaMnm W aKTUBYETbCA KOpuUCHa Mikpodriopa (0cobnuBo HITpUQiKytoui
OakTepil), WO NPUCKOPIOE PO3KadaHHS OpraHiYHMX CronyK i MOKpallyeTbCs
3acBOeHHA pocnuHammn N Ta iHWKX y Mipy HeobxigHux enemeHTiB (Mg, Mn, Zn, B,
P, K, Fe) [2, 3]. BHeceHHs KOHLEHTPOBAHOro «i3ionoriYyHO HenTpanbHOro
MiHeparnbHOro fobpmea HiITpoamMooCcku piBHOMIPHO 3abeaneyye poCivHN KanycTu
HeobxigHUMu 6GioreHHuMn enemeHtamu (NPK), nokpaiiye XximiyHi 1 i3nyHi
BnactmBocCTi rpyHTy. Kanin i docdop BCTynatoTb B aHTaroHiam i3 Cd y pocnuHax
kanyctn. 3okpema K' nigTpumye Typrop y KniTMHax i He [03BOMSAE MPOHUKHEHHS
Yyepes KNiTMHHY MemOpaHy B uMTonnasmy Ta Bakyoni ioHam Cd [4, 6].

CborogHi akTyanbHMM € YOOCKOHANeHHA TEeXHOMOorii  BUPOLWYBAHHA W
oAepkaHHs [oOposKiCHOT npoaykuii kanycTtu 6inoronoBoi B yMOBaX TEXHOrEHeay
3aBOsikKM PO3poOLUi Ta BMBYEHHIO €EeKTUBHOI M OOCTYMHOI, eKosoriYHo-6e3neyHol
cucteMu yaobpeHHsA, sika © 3HM3uNa o MiHIMyMy QITOTOKCUMYHICTL KagMmito Ta
3beperna nNpuUpoOAHY pPOAKYICTL FPYHTY B KOHKPETHUX ['PYHTOBO-KMiMaTUYHUX
yMOBaXx.

MeTta pocnigXeHHA — BUBYUTM BMAMB  MIHEPANbHOrO W OPraHivyHoro
yaOBpeHHS B NOEAHAHHI 3 BanHyBaHHAM Ha BMIcT pyxomux cdopm Cd?* y rpyHTi Ta
iX TpaHCMoKauilo B POCAWHU KanycTu 6inoronoBoi 3anexHo Big Pi3HUX pPiBHIB
3abpyaHeHHs KagMiem.

MaTepianu i mMetoau pocnigxeHHA. EcnepumeHT 3 BMBYEHHS BMNIMBY
MiHepanbHOI, OpraHiyHOi N opraHo-MiHeparbHOI cuctTeMu yaobpeHHsa B MOEAHAHHI 3
BanHyBaHHSM 3arnexHo Bi4 piBHIB 3abpydHEHHS TEMHO-CIporo onia3osieHoro
NEerkoCyrnMHKOBOro I'pyHTY KagMIieM Ha BMICT pyXOoMunX OOPM iOHIB BaXKKUX MeTanis
y cucTemi “rpyHT—pocnuHa” npoBoaunM B yMoBax nabopaTopHO-NofbOBOro
MOAeNbHOro gocnigy 3a icHyiounmmn metoaukamu Brnpogosx 2009-2010 pp. B
ymoBax HaB4anbHO-HaykoBoO-gocnigHOro ueHTpy JibeiBcbkoro HAY.



ArpoximivHi NoKasHUKN IPYHTY TakKi: TN IPYHTY — TEMHO-CIpU Onia30neHumn
NErkoCyrfiMHKOBUI; 3arsiraHHsa ryMycHoro ropnsoHTy — o 50—-60 cm; BMICT rymycy B
opHOMY wapi — 2,76 %; HacnyeHHa ocHoBamu — 85,8 %; Hr — 2,9 mreks /100 r
PYHTY; PHeon — 5,7; N nyxHorigponizoaHumn — 86,4 mr/kr; P,Os — 92,7 mr/kr; K;O —
72,6 wmr/kr. BmicT pyxomux dpopm meTany B I'pyHTi nepen 3aknagaHHam gocnigy Cd
— 0,85 wmr/kr.

CiBOy TecT-pocnuHM KanycTu BinloronoBoi MisHbOCTUINOI (copTy ApocnasHa)
NpoBOOMNN B TPeTin Adekafi TpaBHA B LUTYYHO 3MOAEeNbOBaHOMY MnonepeaHbo
3abpyaHeHoMy ioHamu Cd?* rpyHTi. Sk 3abpyaHioBadi BUMKOPUCTOBYBanu Ccofli
CdCl»,'2,5H,0 B posi 1 i 2 I'AK BanoBux dopm, SAKi BHOCUNM OCIHHIO pas3oM 3
meniopaHtom (CaCO;3;). PaHHbOW BECHOK BHOCUNM  MiHeparnbHi  gobpusa
HiTpoamodocky Mapku 16:16:16 Ta opraHiyHe [obpmBo biorymyc 3rigHO cxemu
pocnigy. 3pasku pocnuH kanyctu 6inoronoBoi Bigbupanu nigdac 36opy n o6niky
ypoxato.

B ymoBax nonboBux Ta nabopaTopHMX [oOcnigiB  BMBYanuM - npouecwu
TpaHcrnokauii Ta akymynsuii ionie Cd** 3 FpyHTy B OpraHu POCMMH KamycTu
6inoronosoi. KoHueHTpauio KagMmito BU3Ha4anu B POCANHHUX i FPYHTOBUX 3pasKax
METOAOM  aTOMHO-aacopbuinHOI  cnekTpodoTOMETpil 3a aTecToBaHUMWU N
CTaHOapTU30BaHUMN MeToAMKaMM 3 HACTYMHOK CTaTUCTUYHOK OOpO6GKOoH OaHuX
[4, 5].

Cxema pgocrnigy 3a BMpOLLYBaHHA KanycTu 6inoronoBoi BKroyana Taki BapiaHTu: 1)
KoHTponb 6e3 nobpus (npupogHin doH); 2) NizsP136Kizs; 3) opr. gobpusa — 8 T1/ra; 4)
NgsPesKss + opr. nobpuea 4 1/ra; 5) N13sP136K136 + CaCO3 5 1/ra; 6) opr. nobpuea 8 1/ra +
CaCOg3; 5 T/ra; 7) NggPesKeg + opr. nobpumsa 4 1/ra + CaCO3; 5 1/ra. PiBHi 3abpygHEHHs
kagmito 1 i 2 'K y Banosux ¢opmax. Ha KOHTpoOribHOMY BapiaHTi coni Kagmito He
BHOCWIN.

Pe3ynbTatv pocnigkeHHA Ta iX aHanis. [BOXPiYHUMW  OOCHIOKEHHSMMU
BCTAHOBJIEHO, WO BHECEHHS B FPYHT KagMito, KOHLEHTpaLIa AKOro y 2 pasu nepesuLLyE
FAK, cnpuse 3Ha4Hin akymynsuili pyxoMmx ¢opm MeTany s§K Yy KayaHi, Tak i y
BeretaTMBHOMY oOpraHi kanyctu 6inoronoBoi — ronosui. [1pyM UbOMY crnocTepiraeTbcs
TeHAEHUis1 A0 3HAYHO OiNbLIOro HarpoMamKeHHs1 kaamito (3—11 pas) came B KayaHi, ki €
BaroMmm 6ap’epoMm Ha WNAXy NPOHUKHEHHS MeTarny B rOfnoBKy Kanyctu (tabn. 1).

1. BmicT Ta po3nogin Kaamito B opraHax pocrivMH KanycTu
GinoronoBoi, Mr/kr Macu cupoi pe4oBuHU, (cepegHe 3a 2009-2010 pp.)

N PyHT 3abpyaHeHun rpyHT
o . . 2+
a/n BapiaHT gocnigy 6e3 meTany Cd
(KOHTPOMb) 1 raK | 2Ok
0,058+0,017 0,135+0,008 0,264+0,074

1 bes no6puB (KOHTPOIb) 0252+0034  0,942+0.075 1,046+0,039

2 NuswPiscKise 0,068+0,015 0,098+0,063 0,121:0,027

0,106+0,043

0,297+0,049

0,167+0,030

. 0,037+0,011 0,064+0,051 0,070 +1,042
3 Biorymyc 8 1/ra 0147%0,035  0,188+0,102  0.1350,013
4 NesPesKss + 0,071+0.016 0,080+0,075 0,091+0.021
Biorymyc 4 1/ra 0,127+0,070 0,707+0,006 0,732+0,103

5 N136P136K136 + 0,052+0.013 0,067+0,028 0,097+0,033
5 T/ra CaCOs 0,063+0,029 0,292+0,036 0,245+0,054

5 Biorymyc 0,061+0,014 0,086+0,025 0,113+0,026
8 T/ra + 5 T/ra CaCO; 0,0690,002 0,341+0,091 0,584+0,069

7 NesPesKss + 0,045+0,019 0,097+0,024 0,042+0,013
Biorymyc 4 1/ra + 5 1/ra CaCO3; 0,143+0,027 0,633+0,082 0,673+0,084

an/IMiTKaZ ’ Y YMCENbHUKY — rosyioBKa, y 3HaMEeHHUKY — KavaH, + BiOAXUNEHHS.



HeobxigHO 3ayBaXuTW, WO KOHUEHTpauis KagMmilo B ronoBkax KamycTtu Ha
KOHTpOfbHOMY BapiaHTiB (6e3 nobpus i meTtany) nepesuwysana I'AK (0,03 mr/kr) B
1,9 pa3s i ctaHoBuna 0,058 mr/kr cmpoi pevyoBnHU. MakcnmanbHa KoHueHTpauis Cd
y pOCnMHax KanycTu sIK y KadaHi, Tak i B ronoskax 6yna Ha 1 BapiaHTi (6e3 obpus)
Ha WTy4yHO 3abpyaHeHomy rpyHTi 3 rpagauieto metany B 1 i 2 K. BHeceHHs
biorymycy 8 T/ra 3MeHWMNO TpaHCrokauilo Kaamito B FOMOBKM KanycTm Ha 3
BapiaHTi, 4e noro BMIiCT O6yB MeHWWUM MOPIBHAHO 3 KOHTposiem (6e3 metany #
pobpus) Ha 0,021 mr/kr Ta B kayaHax — 105 wmr/kr, abo Ha 36,0 Ta 41,6 %
BignosigHo. MNoTpibHO 3a3HauMTh, WO Ha 2, 4, 6 BapiaHTax Ha oHi 4oOpwuB, ae He
3abpyaHtoBanu rpyHT metanom, BMmict Cd B ronoskax kanyctn 6yB geLlo BMLLMIA OO
koHTposnto 1 Bap. (6e3 nobpus i 6e3 meTtany) BignosiaHo Ha 17,24; 23,24; 5,17 %.
BanHyBaHHA rpyHTy B HopMmi S T/ra CaCOs; Ha 5, 6, 7 BapiaHTi BuABWUIIOCA
AOCTaTHbO ePEKTUBHUM OO0 3B’SA3yBaHHA KaTiOHIB Cd? y 'BK Ta 3MeHLWeHHs X
ditoTokcnyHocTi. Ha BapiaHTi Ni3sP136Kizs + 5 T/ra CaCO; 3 rpapgauieto 2 IOK
TpaHCroKauiss mMeTany B rofoBkax Kanyctm 6Gyna MeHwWwow A0 KoHTponto (6es
nobpwue) Ha 0,167 mr/kr abo B 2,72 pa3u Ta B kayaHax 0,801 mr/kr abo B 4,26 pasw.
HanmeHLwa KoHUeHTpauia MeTany B rofioBKax KanycTu 3a piBHA 3abpygHeHHst 2
OK cnoctepirann Ha 7 Bap. (0,042 mr/kr), ae Hamkpawe nposiBunacsa gis 3
komno3auuii JobpumB (NgsPesKsg + Biorymyc 4 1/ra + 5 1/ra CaCO3), BignoBigHO BMICT
Cd go koHTponto (6e3 nobpus) 6yB meHWwMM B 6,28 pas, abo Ha 84 %.

BucHoBkn. Hamu po3pobneHo Ta yAOCKOHanNeHo Ha npakTuui 3axogu
XiMiYHOT JeTOKCuKaLuil WTY4HO 3abpyaHEHOro rpyHTY KaaMieM, SKi LinecnpamoBaHo
HanpaBrieHi Ha 3MeHLUeHHs1 TpaHcnokaLlii Cd** y pocnuH kanyctT Ta ofep)KaHHS
cTabinbHOro BpOXak BWUCOKOI SAKOCTI NpPOAYKUil 3 OAHOYACHMM MiABULLIEHHAM
poatoYOoCTi I'pyHTY. BcTaHoBneHo, wo Ha 7 BapiaHTi (NggPesKss + Biorymyc 4 1/ra +
51/ra CaCO3 ) Hankpale iKCyeTbCS TOKCUYHI pyxomi oopMun KaTiOHIB KagMmito, a
KOHUEHTpauis MeTtany B rofnoBkax KanycTu 3a piBHA 3abpyaHeHHa 2 [OK e
HaMMeHLLOK, TMOPIBHAHO 3 KOHTponemM, Ta BignoBigae caHiTapHO-TireHiYHUM
HOpMaM.
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