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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 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.

Concentration of Cadmium in soil
Control

(contaminated soil)
Experiment 1:

control + compost (Cm)
Experiment 2: 

control + bone meal (BM)
Experiment 3: 

control + Cm+ BM

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.

References
1. Ginn T.R. Processes in microbial transport in the natural surface/T.R. Ginn//Wat. Res. 2002. Vol. 25. P.1017-

1042.
2. Jaanssen C.R. Environmental risk assessment of metals: tools for incorporating bioavailability/ C.R 

Jaanssen/D.G. Heijerick/K.A.C. DeShamphelaere/H.E. Allen //Environ. Int. 2003. Vol. 28. P.793-800.
3. 

( -298).

  
 
 

-

- 248 -

l. Si
s: particlele

salinity,y, aaacididdiididd ty
oil in a sasasasatisttissfafafacfactory 

ants, ammoononong wwhwhwwhich the 
tural ecososssyystyyststemsememsemsms, bb, b, ececececaec use 

onger time,me,me,ememe whwhwhwhww iich afffecfecfecfe ts ss theththtt  
[2].

hemical and biobiobiobiobiobiobiolllogllll ical. The use oooof ff
ashing, electro-rrrrrrremmmmmeemem diation) is quite

out by the ie iiie iie intententententententeracracracracracracractiotiotitiotionnnn on onn fff f Hfff M cations with 
tion - redududductictictictictictictiononon,on,onon,on, chchchchchchemicalcallllll sosososososoorptrptrptrptrptrptrptionionionionionionion, e, e, ,,, tc. 

gies: phytoextraction - gggggggrowrowowwwwwingingingnginginging plplplplppp aaanants-
nd, conversere ely, phytostabilizattitititititionnn n nnn - tolerant plants

the measuuuuuuuresress ofoffofoffof dededededededetoxtot ification offff soss iililsiiii  contaminated
fertilizers, usssesese sese ofof of of of of of natnatnatnatnanatna uraurauraural al al al al al al and ndnnnnn artificccciacicc ll l l  sll orbents, cl

tion, washing, reeeeemovmovmovmovmovmovmoval of of fffff ccconconccc tammmminainainainainainainantsntsntsttstnt aand other
ments.

of amendmememenmenments ss at aaa the ratetetete e tete of ffff 40404040 g to control 
m and BM applicatiatiatitition oooo rerererespectivivvvvvvelyelyelyyelyelyy, w, hich proves the

ations off Cadmium. ThThThhhThThee treaeaeaatmettt ntnt ttttt of of fffof f concc taminated
uced the ccococonco cecececentrationn n n on on of mf mf mmobiobiobiobibile le forfofofo m m m omm ooof ff Cf Cff f admium

CCoCoCoC ncencecencencececentrntrntrntrntrntrntratiatiatiatatiata on nnn of oooo CaCadadadmiumiumiumium in soil
Experimeenenentenenen 11:11:1:11

control + commmmmmmposposssststpos  (Cm)
Experieriririmennntmentmentment 2:

controntrontrontrontro ooool +ooo  bone mee al (BM)

e use of vvarious of soil ameeeendmndmndmndmndmndmentententententenents as as aas as as andndndndnd ndn thethethetheheir combin
soil.

Referff
. Ginn T.R.RRR.R. R. Prooorooocescc ses ininninnin mimimiiiicrocrocrocrocrocrocrobiabiabiall tl l ll l ransport in the n

2. JJaaaaaaaanssssessesen C.R.R.RR EnEnnnvvivivirvirv onmenttttaaaal aal rrrririsrr k assessm
aanssen/DDDD G.G.G. HHHeHeHH ijerick/K.A.A.AA C. CC DDeSDDD hamhamamamphhhphephephelaere/H.E

3333. 



  

 
 

Cd)

-

- 249 -

CdCdCCdCdCd)))



  

 
 

-

-
-

1.GinnT.R. Processes in microbial transport in the natural surface.Wat. Res. 2002. Vol. 25. 
P.1017-1042.

2.Jaanssen C.R., Heijerick D.G., DeShamphelaere K.A.C., Allen H.E. Environmental risk
assessment of metals: tools for incorporating bioavailability. Environ. Int. 2003. Vol. 28. P.793-800.

-298.

.432

-

-

- 250 -

obial transpoortrtrtrt ininnn ththththththe nnnnatural sususususurffffaaaaca e.Wat. Rffffffff

ck D.GGGGG., DDDDDDDeSeSeSeSeeSeShahahahahahahampmpmpmpmpm hehehehh laaerererere K.KKK A.C., Allen 
or incorpppopopopop rararararaarattingr bioavvvaiaaaaaiailaaaaaaabibbbbbb litytyyy.... EnEnEnEnnEnviron. In

.432



 
 

 
 

227

228

233

237

238

RESEARCH OF THE OZONATION PROCESS OF BIOLOGICALLY PURE 
MUNICIPAL WASTEWATER
Sergii Bondar, Olga Shevchenko, Oksana Chabanova, Anastasiia Trubnikova, 
Iryna Kuznetsova 240

243

IMPROVING THE TECHNOLOGY OF SOIL TREATMENT, CONTAMINATED 
BY HEAVY METALS USING SOIL AMENDMENTS 
E. Zaitseva 247

248

250

251

RECYCLING AND THE USE OF FOOD WASTE
M.M. Madani, A.O. Tkachenko 252

253

- 278 -

23232323233

237

238

S OF BIOLOGGGGGGGICCCCCCCALLLYLYLLYLLYLY PPPPPPURURURURURURUREEEEEEE

abanova, Annnasasasasa taaaasisss ia Trururuuuuubnnnnnnniikova, 

TECHNOLOOOOOOOGYGYGYGYGYGYGY OF SOIL TTTTTTTRRREREREREREATMEN
ALS USING SOIOIIIIIIL LLLLL AMAMAAAAA ENDMMMMMMMENENENENENENENTS 

RERERERR CYCYCYCC CLING A
M.MMMMM. MMadaniMM



  

   6.10.2020 
 60×8416.  .  Times New Roman. 

 . . . . 16,27.  100 . 
   231120/2

   -    « »
   . .

65045, . , . . , 60     
.: +38 048 700 11 55
www.aprel.od.ua

   ’   
      4684  13.02.2014 .

  

 
XVIII  -  

-

«  
  »

29-30  2020 

( , ,  )

 60×844416

----

29-333333333000000000  200002222220000000 

((( , , 


