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in terms of environmental impact, as a way to remediate the soil in situ in order to clean the soil from HM. The scientific
novelty of the work is to determine the effectiveness of the use of soil amendments for cleaning soils from HM.

Key words: heavy metals, decontamination, immobilization, soil purification, bioaccumulation, soil additives,
in-situ treatment, soft methods, complexes sorbent-metal.

Soils perform the most important functions in all terrestrial ecosystems, so the ecological and geochemical state
of the soil cover determines the stability of the Earth's biosphere - a necessary condition for human survival. Since the
man-made load on soils leads to their degradation and reduced quality (quality and productivity indicators: particle size
distribution, the presence of humus, plant nutrients, water and heat regimes; the degree of erosion, salinity, acidity,
salinity, pollution, etc.), so for preservation of the biosphere is extremely important to keep the soil in a satisfactory
condition. The soil can be compared to a natural filter, which detects the ingress of various pollutants, among which the
most dangerous are HM [1]. They pose a great danger to both humans and natural and agricultural ecosystems, because
these elements accumulate quickly in the soil, but their removal from the soil takes much longer time, which affects the
change of soil's characteristics and leads to partial or complete reduction of their quality [2].

All methods of detoxification (removal) of HM are classified into physical, chemical and biological. The use of
physical detoxification (removal and disposal of the contaminated layer, soil washing, electro-remediation) is quite
limited. More common methods is the chemical detoxification, which is carried out by the interaction of HM cations with
chemical components of the soil by the reactions of hydrolysis, oxidation - reduction, chemical sorption, etc.
Phytoremediation consists of two fundamentally different strategies: phytoextraction - growing plants-
hyperaccumulators, capable of removing HM in significant quantities, and, conversely, phytostabilization - tolerant plants
to a level of soil contamination of 1.5 MPC [3]. In more detail, among the measures of detoxification of soils contaminated
with HM should be noted such as liming, application of organic fertilizers, use of natural and artificial sorbents, clay,
application of soil amendments, bioremediation, phytomelioration, washing, removal of contaminants and others. [4].
The most promising in our opinion, is the use of soil amendments.

As proved by our study (table 1), the application of amendments at the rate of 40 g kg~* to control reduced the
concentration (C) of Cd by 40% and 36% after the Cm and BM application respectively, which proves the effectiveness
of their use for purification soils with high concentrations of Cadmium. The treatment of contaminated soil by using Cm
+ BM as a single combined soil amendment reduced the concentration of mobile form of Cadmium in the experiment 3
by 68%, which is the best result obtained.

Table Ne 1
Concentration of Cadmium in soil
Control Experiment 1: Experiment 2: Experiment 3:
(contaminated soil) control + compost (Cm) control + bone meal (BM) control + Cm+ BM
C(Cd) =2.5MPC C(Cd) = 1.5MPC C(Cd) = 1.6MPC C(Cd) = 0.8MPC

Therefore, the use of various of soil amendments and their combinations is an effective way to reduce the mobile
forms of Cd in the soil.
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VJIOCKOHAJIEHHA TEXHOJIOT'TI OUMIIEHHS T'PYHTIB,
KOHTAMIHOBAHUX BAA’KKUMHA METAJIAMMU, 3A
BUKOPUCTAHHSM IPYHTOBUX JJIOBABOK

TI'apxoBuu O.J1., K.0.H., 1ouenT; 3aiineBa E.}O., maricrpant
Onecbka HaiOHAJIBbHA aKa/leMisi XapYOBHX TEXHOJIOTii

IpyHTH BUKOHYIOTb HaiiBakuBilIi QyHKIi y BCIX HA3EMHHX €KOCHCTEMAX, TOMY €KOJIOrO-
reoXiMIUHHMIT CTaH IPYHTOBOT'O NMOKPHUBY BH3HAYA€E CTIiHKICTh Oiochepu 3emii — HEOOXIAHOT yMOBH
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BWDKUBAHHSI JIF0/1CTBA. OCKIUIBKY TEXHOTCHHE HABAaHTAKCHHS Ha IPYHTH NPU3BOAMTH JI0 1X Aerpajanii
Ta 3HIDKEHHS OOHITeTY (MOKAa3HUKIB IKOCTI 1 IPOyKTHBHOCTI: TPaHyJIOMETPUYHUHN CKJIaJl, HAssBHICTD
TYMYCY,CJIEMEHTIB JKUBIICHHS POCIHMH, BOJHHHA 1 TEIUIOBHH PEXHUMH; CTYMiHb €pOJOBAHOCTI,
3aCOJICHOCTI, KUCJIOTHOCTI, COJIOHIFOBATOCTI, 3a0pyAHEHOCTI Ta iH.), TOMY 17151 30epexeHHs 6iochepu
Ha/I3BUYAITHO BAXXJIMBUM € 30eperTu IPYHTOBHH MMOKPHB Y 33/I0BIIBHOMY CTaHi.

IpyHT MOXHA MOPIBHATH 3 NPUPOAHUM (BIIBTPOM, SIKHIl YIIOBIOE TOTPAIUIAHHS Pi3HUX
[OJIFOTAHTIB, B YMCII SIKMX HaiHeOesmeuHimmmu € Baxki meranu (BM). Came aHTpomoreHHa
JISUTBHICTD SIBJIETBCS NPUYMHOIO 3a0pYAHEHHS HAaBKOJUIIHBOIO IPUPOJHOrO cepeporuiia. o
OCHOBHUX 3a0pynHIOr0urX BM rasy3eii mpoMuCIOBOCTI BIIHOCSTh: KOJIbOPOBY Ta YOPHY METATyprii,
€HepreTHKy Ta XiMiuHy HpoMHUCIOBicTb. Xoua BM mpucyTHi B IpyHTI sIK IPUPOJHI JIOMILIKH, aje
MIPUYXHHM TTiIBUIICHHS iX KOHICHTPAIliil OB s3aHi caMe i3 aHTPOTIOTEHHOO JTiSUTbHICTIO.

BM sBisoTH BeNUKy HeOe3leKy, SK U8 JIIOAMHM, TaKk 1 JUIsl IPUPOAHHX 1
CLITBCHKOTOCIIOIAPCHKUX €KOCUCTEM, 00 JIaHi SIeMEHTH JOCHTH MIBUIKO HAKOIUYYOTHCS B IPYHTI,
ajie Jy’e JJOBro 3 HbOTO BUIAIAIOTHCS, 110 BIUIMBAE HA 3MIHY XapaKTEePUCTUK IPYHTY Ta IPU3BOIUTD
JI0 4aCTKOBOT'O 200 IMOBHOT'O 3HIKEHHs OoHiTeTy. Lli eneMeHTH MaloTh BIACTUBOCTI Ol0aKyMyJIsLil
y KJIITHHAX JKMBUX OPraHi3MiB sIK POCJIMH, TaK 1 J1I0/iel. 301IbIICHHS KOHIIEHTpALil MeTalliB B IPYHTI
IIJIBHIILYE MAHC X 610JI0CTYITHOCTI TOMY, LI0 BOJOPO3YHHHA (hopma MeTamiB (puc.1) Ge3 TpyHOLIiB
HOTpAILUIsi€ B IPYHTOBUI PO3UMH, @ IOTIM 110 KOPIHHAX B POCIHHH, 200 OCAIKYETHCS JI0 IPYHTOBHX
BO/I, 1110 B NMOAANBIIOMY MPU3BOAUTH 0 KOHTaMiHalii BM XapuoBOro jaHIiory pisHUMH HUISIXaMH.
Tak, six Bucoki konnenTpanii BM (six npuknan Kagmiro(Cd)), sSBIsIOTHCS OTPYTOIO A5 TIOACH, TOMY
3a0pyIHEHHS HABKOJIMILIHBOTO cepenoBuiia BM sBiseTbes Bkpail Hebe3meyHo.
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Puc. 1. Cxema MexaHi3My 06i0akyMyIIsiLil MeTaliB 3a ix ¢pakigisimu (hopmammn)

Bci meronau nerokcukarii (BumadeHHs) Ta ae3aktuBaiii BM knacudikyrore Ha (izuuHi,
xiMigHi Ta Oionoriyni. Metox iMmmoOinizamii BM 3a 10moMororo BHECEHHS IPYHTOBHX J00aBOK
BUKJIMKAE 3alliKaBieHicTh. [IepBICHUM TpH3HAYEHHSIM BHECEHHS IPYHTOBHX J00ABOK SIBIISETHCS -
BiZIHOBJICHHSI (DYHKLIOHAJIBHOCTI TIPYHTY (POMIOUICTH IPYHTY), aje TaKoX JMOBEIEHO, IO
3aCTOCYBAHHS OPraHIYHKX, YM HEOPTaHIYHUX TPYHTOBHUX J00ABOK (HATIPUKIIAJI, IIEOJITIB, KICTKOBOL
MYKH, Pi3HMX KOMIIOCTIB, BallHa Ta iH..) NEPETBOPIOE 10HM MeTadiB y Oubll CTiiiki dopmu 3a
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JIOIIOMOT0I0 copOIii, Oca/KeHHs, XiMiuHOI ajcopOuii Ta iI0HOOOMIHY, YTBOPIOE CTIiiiKi MeTao-
KOMIUIEKCH, 1110 POOHTH 1X TaKOX 3aCTOCOBHUMH J0 IMMOOITi3aLlil BAXKKHX METalliB B IPYHTI.

He icnye equnoro crocoOy 3BiUIBHEHHS IPYHTIB BiJl 3a0pyHEHb Ba)KKUMHU METaJlaMH, TOMY
SIK e 3aIeKUTh Bil (Pi3MKO-XIMIYHMX XapaKTEPUCTUK TIPYHTIB, KIIMATUYHHUX YMOB, Ta Oarato
iHmoro. Tak sk Oyab-skuii crnoci0 3akpiruieHHs: BaXKKUX METaJliB y IPYHTI Ma€ CBiii TepMiH Iii, paHo
260 mi3Ho yacTrHa BM 3HOBY MOYHYTh HAIXOUTH Y IPYHTOBUI PO3YHH, a 3BiITH y )KUBI OpraHi3Mu,
SIKIIO HE IIPOBOAUTH IIOCTiifHE IOAOBAHHA i3 YaCOM IPYHTOBHX J06aBOK. CaMe TOMy JyKe BaXkINBO
00'eTHYBaTH METOIM PeMeIiallii JUist TOTO, 1100 yIOCKOHAIMTH CIIOCOOM OUYHIIICHHsI IPYHTIB Bigx BM.
Hampukinaj, MoxkHa 3acTocoByBaTH (iTOpeMesianilo i3 MOEJHAHHAM 3 KOMIIOCTOM, OCKUIBKH
KOMITOCTH JIMIIIEe IMMOOLITI3yIOTh METalll, He Buaasioun ix. ditopememiariist — sk 0/1H i3 crocobiB
Meroy OloJIOriyHOi OUMCTKM I'PYHTY BHAaisie 3 Hboro BM, BOMpaioum iX y KOpPIHHS Ta MaroHu
rinepakyMyJsITOPHUX POCIIMH, TOMY B KOMOIHAIIIT 111 IBA METOIM MOKYTh IIPOJICMOHCTPYBATH KpaIlil
pe3yabTaTH Moo JAe3aKTuBaLii pyxiauBux ¢popm ionis BM.

[lomo ynockoHaseHHst MeToy iMMo0iizawii BM B rpyHTi, HaMi PEKOMEHIOBAHO BHECEHHS
I'PYHTOBHUX JJ00aBOK i3 PI3HUMH BJIACTUBOCTSIMH (BMICT OpraHiuHUX pedoBHH, pocdatis, Ta iH..) B IX
KpaIux KOMOIHAL[SIX, 110 B Pe3yJbTaTi Oy/ie CTUMYJIIOBATH 1X iMMOOLTI3ytouH Aito Ha ionn BM. Sk
Hanpukian Oe3nepepBHE BHECEHHS BallHa, 3MILIAHOTO 3 OpraHiuHMM rHieM abo ¢ochaTHEM
JI0OpUBOM, MOXKE CTaTH JAyKe e(QEKTUBHHM Ta IIOIIMPEHUM 3aco00M Juisi 3amoOiraHHs
GioakkymyJtsiiii Cd pOCIMHHUMYU NPOAYKTaMH Xap4yBaHHSL.
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OpranidHe 1 aTOMHE TTAJIHBO, BOAHI PECypCH - II¢ OCHOBHI ICHYIOWI €HEpPreTHdHi pecypcH
TIAaHETH 3eMJIs1, 32 PaXyHOK SIKMX CTaOlIbHO TPUMAETHCSI EKOHOMIKA Y KpaiHH.

BUKOpPHCTOBYIOUH BOJHI PECypcH Ta €HEPril0 pO3Iagy aTOMHOTO spa BiIOyBaeTbCs
BMBUILHEHHSI CHEprii, sKy MepeTBOPIOIOTh B eleKTpuyHy. OpraHiyHe TpajauliiiHe TMaJuBO
nepepoOIIsieThCS HE TIIBKU B €IEKTPHUYHY €HEeprilo, a i B TeruoBy. OJHaK, pU 3BUIBHEHHI eHeprii,
0COOIMBO OPraHiYHOTO MAJMBa, BiI0OYBAETHCS 3HAYHE 3a0py/THEHHS HABKOJMIIHBOTO CEpPEIOBHIIA.
Enepreruxa BruBae Ha armMocgepy, rigpocdepy, airocdepy i kpiochepy. Y TEMIOSHEPreTHUHOMY
rOCIIOIAPCTBI OCHOBHE JKEPEIIO 3a0pyAHEHHS - TEIUIOBI €IEKTPOCTAHIIIT, MiAMTPUEMCTBA 1 YCTAHOBKH
[IapOCHJIOBOTO T'OCIIOJAPCTBA, TOOTO Ti MiJIPHEMCTBA, poOOTa SKUX MOB'S3aHA 3 BUKOPHCTaHHSIM
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