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The imperfection of modern methods and measures to minimize the impact of solid domestic waste
dumps on the environment necessitated the solution of a scientific and practical problem: studying
the peculiarities of toxic effects of the leachate from solid domestic waste dumps and developing
methods to restore the contaminated lands around solid domestic waste dumps in order to return them
to the economic turnover. The conducted research is a comprehensive analysis of the impact of solid
domestic waste dumps on the germination, growth and root system of planted out Avéna sativa seeds. The
prospects of using the probiotic preparations Sviteco - Agrobiotic-01 (1: 100 dilution) for the remediation
of the contaminated lands of domestic waste dumps are studied. The results showed that seed germination
of Avéna sativa in the contaminated soil was 17% lower than in the clean soil (control). On day 7,
the average root length of Avéna sativa in the variants with contaminated soil was found to be 44%
shorter and the average length of the aerial part of the plant was 22% shorter compared to the control.
The root system weight of Avéna sativa plants in the soil from the waste dump was 55% lower compared
to the control, and the weight of the aerial part of the plant was 42% lower: It was found that when
the probiotic Sviteco - Agrobiotic-01 (1: 100 dilution) was added to the contaminated soil, the germination
of Avéna sativa seeds was 5.2% higher compared to the variant without adding the probiotic. The
use of the probiotic improved the biometric indicators of Avéna sativa: the weight of the root system
and the aerial part of the plant increased by 16.5% and 14% compared to the contaminated soil without
cleanup. The results confirmed that afier using Sviteco - Agrobiotic-01 (1: 100 dilution) the soil had
medium toxicity in terms of root weight and deficient (weak) toxicity in terms of root length of Avéna
sativa. The use of Sviteco - Agrobiotic-01 in combination with Ca (OH)2 at pH = 10 makes it possible to
reduce significantly the toxic effects on biota and increase the efficiency of technogenically contaminated
soil cleanup. Thus, the use of the probiotic improves the efficiency of the system of technogenically
contaminated soil cleanup as a result of municipal solid waste disposal. The conducted research is
the basis for the development of the technology of biological treatment of leachate at solid domestic
waste dumps and landfills, which will contribute to solving priority problems.

Key words: leachate, domestic waste dump, probiotic, contaminated soil, Avéna sativa,
phytotoxic effects.
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Iucapenxo II. B., Camoiinux M. C., Tapanenxo A. O., I[vosa I0. A., Cepeoa M. C.
Jocnioscenns Moycaueocnmi UKOPUCMAHHA NPOOIOMUKIE 015 PeKYIbMUSAUil 3a0pyOHeH020
[PYHMY NONI2OHIE MEEPOUX NOOYMOBUX 810X00I8

Heoockonanicms cyuacnux memodie ma 3axo0i6 i3 MiHIMI3ayii eniugy 36anuuy
meepoux nooOymosux 6i0xodie Ha OO0GKLLIA 3YMOGUAU HEOOXIOHICMb pPO38 SA3aHHS
MAK020 HAYKOBO-NPAKMUYHO20 3A80AHH. 8USUEHHSL 0COONUBOCHIEL MOKCUUHO2O GNIUBY
Ginompamy 6i0 36anuwy noOYMosux 6i0xXo0ie i po3podieHHs Memodi8 Bi0HO8IeHHs
3a6PYOHEHUX 3eMenb V PAtlOHT PO3MAULYBAHHS 364U MEEPOUX NOOYMOBUX 8I0X0018 i3
Memoio nosepHeHHsL ix y eocnooapcukuil odie. [Ipogedene 00CnioHceHHsl € KOMNIEKCHUM
AHANI30M 6NIUBY 38ANUULA MBEPOUX NOOYMOBUX 8I0X00I8 HA CXOXHCICMb, picm i Kope-
Hegy cucmemy 8ucaodicenoeo nacinna Avéna sativa. /locniosiceno nepcnekmusu 6uKo-
pucmanns npobiomuunux npenapamie Sviteco - Agrobiotic-01» (pozuunenns 1:100)
3007151 BIOHOBEHHS 3A0PYOHEHUX 3eMelb 36anuly nodymosux 6ioxodie. Pezynivmamu
00CTIOMNHCEHHS NOKAZANU, WO CXOHCICMb HACIHHA Avéna sativa y 3a0pyoHeHomy TpyHmi
oyna na 17% menuwioro nopisHsHo 3 yucmum rpynmom (kouwmponem). Ha coomy 006y
BCMAHOBIIEHO, WO CepedHs 008iCUHA KopeHis Avéna sativa y eapianmax i3 3a0pyoHe-
HUM IpyHmom 6yna meHutoro Ha 44%, a cepedus 008HCUHA HAZEMHOI YACMUHU POC-
aunu —Ha 22% nopisHano iz koumponem. Maca kopenesoi cucmemu pociun Avéna sativa
y IpyHmi 3i 36anunya 8i0x00ie Oyia MeHuwow Ha 55% nopieHAHO i3 KOHMpoLeM, a Maca
HaozemHoi yacmunu pociunu — na 42%. Bemanoeneno, wo 3a enecennsn npobiomuxy
Sviteco - Agrobiotic-01 (pozuunenna 1:100) y 3a6pyoHenuii pyHm cxox#Cicms HACIHHA
Avéna sativa 6yra na 5,2% euwjor nopieHano 3 eapianmom 0e3 000a8amHs npoodio-
muKky. Buxopucmanms npobiomuxy noxpawuno diomempuuni noxasnuxu Avéna sativa:
Maca KopeHnegoi cucmemu ma HA3eMHOL YacmuHu pOCIul 30IIbWUnucs 8i0nN08iOHO Ha
16,5 % i 14% nopisnano i3 3a6pyoHeHum Ipyumom 6e3 ouuugenns. Pesynomamu docii-
OoicenHs niomeepounu, wo nicis euxopucmarns Sviteco - Agrobiotic-01» (pozuunernns
1:100) tpynm xapaxkmepu3y8ascs cepeoHbo0 MOKCUYHICTIO 3a NOKA3HUKOM MACU KOpe-
Hig 1 gi0cymHuicmio abo CIAOKOW MOKCUUHICIIO - 3d NOKA3HUKOM O0BXUCUHU KODEHI8
Avéna sativa. Buxopucmannsa npobiomuky Sviteco - Agrobiotic-01 y xomnaexci 3 Ca
(OH), 3a pH=10 0o360n5¢€ 31a4n0 3HUZUMU MOKCUYHULL 6NAUE HA Oionmy i nideuwumu
eexmugHicmy ouUjerHs MeXHO2eHHO 3a0pyoHenux tpyumie. Omoice, GUKOPUCTANHS
npodiomuxy 003601UMb NIOGUUMU eheKMUBHICTNG CUCTNEMU OYULYEeHHS THeXHO2EHHO
3a6pyOHeH020 TPYHMY BHACAIOOK PO3MIWEHHS 38aIUL MEePOUX NOOYMoBuUx 8i0X00is.
IIposeoeni docniddcentst € 0CHOB0IO Oist PO3POOLEHHST MEXHONO02IL 0I0N02TUH020 04U~
WeHHs hinbmpamy Ha 36anULaX i NOTI2OHAX MEEPOUX NOOYMOBUX 8I0X0016, WO ChpUsi-
mMuMe SUPIUEHHIO NEPULOUEP2OBUX eKOLOSIUHUX NPOoOIeM.

Knrouosi cnosa: ¢inempam, 3sanruue nodymosux 8ioxo0dis, npobiomux, 3a0pyoHe-
Hutl tpyHum, Avéna sativa, pimomoxcuunuil 6nius.

Problem statement. Anthropogenic pollution of the environment results in
the degradation of ecological systems, global climatic and geochemical changes as
well as regional and local ecological crises and disasters. Lithosphere is mostly dam-
aged due to human activity. Surface solid waste storage pits, in particular sewage
waters of domestic solid waste (MSW) landfill, cause damage to flora and fauna,
health of the population and affect dynamic balance of the biosphere as a result
of non-compliance with rules of their storage and burial. Particular danger to the envi-
ronment exists due to heavy metal pollution, from filtrates removed from landfills
and precipitation which contact with landfill substrates. The accumulation of toxic
substances leads to gradual change of the chemical composition of soils, violation
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of integrity of geochemical environment and living organisms. Any pollution of a lith-
osphere with solid wastes can entail the pollution of surface, underground water
and the atmosphere. Despite this fact, the most widespread method of waste handling
in many countries of the world, including Ukraine, is their burial. Valuable agricul-
tural resources are used as waste sites [1].

Analysis of current research. Works of researchers are devoted to the improve-
ment of solid waste handling: Amos R. [2], Yunjiang Y. [3], Wierzbicki A. [4], Ger-
ding J. [5], Vagin V. [6], Burkinsky B. [7], Singh C. [8] and others. But the issue
of reducing the area of contaminated lands, which formation is caused by waste dis-
posal places, as well as their restoration and return to economic turnover are insuffi-
ciently studied and remain relevant for scientific community. Methods of biological
land restoration, in particular probiotic, are also becoming especially relevant [9, 10].
In the presence of a wide range of methods of reclamation of technogenic contami-
nated lands by domestic waste dump, the use of probiotics for the reduction of pollu-
tion is insufficiently studied. Widespread use of probiotic is hampered by insufficient
study of this area: there is no scientific and scientific-practical base, comparative stud-
ies of different probiotics, methods of calculating the required doses, profits to obtain
a given cleansing effect and more.

The purpose of the research is to study the toxic impact of leachate from domes-
tic waste landfill on the stability of Avéna sativa and to develop recommendations on
the improvement of leachate treatment around landfill.

Main material of research. The article evaluates the phytotoxicity of contami-
nated soil before and after cleaning with probiotics. Method of seedlings based on
the reaction of the test culture when applying to the soil different pollutants. It allows
you to detect the toxic or stimulating effects of those or other substances [11]. Clean-
ing of contaminated soils is carried out by biological methods, use probiotic Svite-
ko-Agrobiotic-01 (1:100 dilution).

At the first stage Avéna sativa was seeded in separate containers with different
samples of soil (100 pieces each). Four pilot sites with quadruple repetition are iden-
tified (Table 1). The soil was collected via standard techniques from the territory
of the MSW landfill, located 750 m southeast from Makukhovka village (Poltava dis-
trict, Poltava region, Ukraine). The area of a landfill is 17.4 hectares. Filling is 105 %.
The place of waste disposal is disordered, its opportunities to accept and neutralize
waste are fully utilized. The filtrate is accumulated from the north side of the MSW
landfill. The potential volume of the filtrate is 51975.2 m*/year [12]. Determination
of phytotoxicity of a filtrate was made by Gritsaenko G. method [13]. The exper-
iment was carried out during 14 days, then the following was defined: quantity
of germinated seeds; length of ground parts of plants; length of roots (after drying)
and their weight (weighing in Petri dish). Chemical analysis of the filtrate and soil
was performed in a certified laboratory of agroecological monitoring of Poltava State
Agrarian Academy according to generally accepted methods (JICTY 17.4.4.02:2019;
JACTY 4770.9:2007; ACTY 4770.3:2007; ACTY 4770.5:2007; ACTY 4770.1:2007;
JACTY 7965:2015; ACTY 4770.6:2007; ACTY 4770.2:2007; ACTY 7965:2015;
MBB 31-497058-009-2002).

At the second stage we studied the phytotoxic influence of a dump filtrate after its
cleaning with Ca(OH), (lime hydrate) and Sviteco - Agrobiotic-01 (1:100 dilution) for
Avéna sativa growth and root system. Avéna sativa was seeded 100 pieces in separate
containers with soil from the MSW landfill (eight pilot sites with quadruple repetition,
Table 1).
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Table 1
Modification of the experiment

stage of | site

work |number soil (clean/ contaminated) water (with probiotic / without probiotic)

control site of clean soil
(standard)
b site of clean soil watering with distilled water with Sviteco-
1 Agrobiotic-01 (1:100 dilution)
site of soil from MSW dump |watering with distilled water without prebiotic

. . watering with distilled water with Sviteco-
d |site of soil from MSW dump |}t0 20801100 dilution)
watering with drinking water (local well) and
addition of Ca(OH), at pH 9.0
watering with a filtrate from the MSW dump
and addition of Ca(OH), at pH 8.4
watering with a filtrate from the MSW dump
and addition of Ca(OH), at pH 9.3
watering with a filtrate from the MSW dump
and addition of Ca(OH), at pH 10.0
watering with drinking water (local well) and
addition of Ca(OH), at pH 9.45 and Sviteco-
Agrobiotic-01 (1:100 dilution)
watering with a filtrate from the MSW dump
f and addition of Ca(OH), at pH 8.35 and Sviteco-
Agrobiotic-01 (1:100 dilution)
site with watering with a filtrate from the MSW
g dump and addition of Ca(OH), at pH 9.31 and
Sviteco- Agrobiotic-01 (1:100 dilution)
site with watering with a filtrate from the MSW
h dump and addition of Ca(OH)2 at pH 10.0 and
Sviteco- Agrobiotic-01 (1:100 dilution)

a watering with clear water (distilled)

site of clean soil

The experiments were conducted within a month then the following was
defined: quantity of germinated seeds; length of ground parts of plants; length
of roots (after drying) and their weight (weighing in Petri dish). Repeatability
of experiments — four times, single trial establishment. To check the reliability
of the difference, the Student’s coefficient was defined after testing for nor-
mality of distribution between statistical characteristics of two alternative data
sets [14].

The phytotoxic influence of soil on Avéna sativa growth and root system was defined

as follows [15]:
Pl = [Mj -100%
M

0

where M — weight or growth indicators of plants with a control sample of soil;

M, — weight or growth indicators of plants in the studied soil.

The results of quantitative chemical analysis of the filtrate showed the excess
of maximum permissible concentrations (MPC) in general indexes (color, smell, total
alkalinity, total hardness), petroleum products, hydrogen sulfide and heavy metals. The
total hardness of filtrate was 1.13 MPC. The content of petroleum products in filtrate




Tapiicbknit HaykoBui BicHHK Ne 121

280 I

exceed the MPC by 10 times. The content of such heavy metals as Pb, Co, Mn, Cu, Zn
significantly exceeds the established norms. (Table 2).

Table 2
Results of quantitative chemical analysis of the filtrate from solid domestic waste
landfill (Makukhovka village, Poltava region)

MPC
Index Units mlz/;:lhr(:lin(:;t Sample 1 E:Zr Sample 2 E:Z)r *no
more
General indexes
Color deg 25 - 45 - 20
Turbidity (by mg/dm? 1,3 0,47 3.8 0,47 3
kaolin) T'OCT 3351-74
Smell grade 3 - 2 - 2
pH 8,28 0,2 8,12 02 | 69

Total alkalinity mg/dm’ IOCT 319572012 | 497 50 101,2 50 350
Total hardness | mg- equiv/ dm?® | TOCT 31954-2012| 6,8 0,3 6,4 0,3 6,0
Biogenic elements

N-NO, mg/dm’ I'OCT 33045-2014 10,1 1,04 38 1,04 | 45,0
N-NO, mg/dm’ T'OCT 18826-73 0,34 0,03 0,026 | 0,03 3,0
Mineralization mg/dm’ T'OCT 18164-72 640 58 142 52 | 1000
P content mg/dm’ I'OCT 18309-2014| 2,1 0,04 0,9 0,02 | 35
S0}~ mg/dm’ TOCT 4389-72 168 82 341 87 | 500
Cr mg/dm’ TOCT 18190-72 284 2,0 296 2,0 | 350,0
1 3
oxyf;;in&giland mgO,/dm FOCT 4245-72 23 03 1.8 032 1| 50
P R L T R T M A
HS mg/dm’ MVK 4.1.1013-01 1,04 0,23 1,2 | 023 1,0
Content of heavy metals
Pb mg/dm? TOCT 18293-72 0,58 0,04 0,32 004 | 03
Cr (+6) mg/dm’ TOCT 31956-2012| 0,06 0,007 | 0,07 [0,007| 0,05
Fe mg/dm’ TOCT 4011-72 2,38 0012 | 534 10,012 03
Co mg/dm’ MYV 31-14/06 0,15 0,08 0,08 003 | 0,1
Mn mg/dm’ TOCT 4974-2014 0,12 10,002| 0,11 [0,002| 0,1
Ni mg/dm? MY 31-14/06 0,03 |0,007| 002 [0007| 0,1
Cu mg/dm? TOCT 4388-72 1,54 |0010| 1,12 |0010| 1,0
/n mg/dm’ TOCT 18293-72 6,7 0,73 94 0,73 | 5,0

The results of quantitative chemical analysis of the soil from solid domestic waste
landfill showed content of heavy metals and petroleum products, which significantly
exceeds the established norms of the Order of the Ministry of Health of 14.07.2020
Ne 1595 “On approval of the Hygienic regulations of the permissible content of chemi-
cals in the soil”. Content of petroleum products was 1.15 MPC, content of Pb, Cu, Co
significantly exceeds the established norms (Table 3).
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Table 3
Results of quantitative chemical analysis of the soil from solid domestic waste
landfill (Makukhovka village, Poltava region)

Indexes | Units | Value | MPC* Cd** Method of miiiiu(l]‘;lg)ent and error,
pH 750 | 6,090 7,90 IlCBT;/ fggg)zogm
?lrlitatl:rc % 37 >2 5,5 IQE(TI ?3_7‘1‘8;07/?
Am?ffimn mgkg | 114,11 - 141,56 ACTY Ig(:)ﬂ/ggs ;1)@6-1 22005
P&zﬁf mgkg | 115047 | 1000 110,51 MBB 21:-4:[92252%-)00(}09-2002
Pb | mgkg | 4421 32,0 1,66 lICT%':ﬂgz%zom
Mn | mgkg | 974,65 | 1500 189,65 ACTY 531178% 22007
Cr(+6) | mgkg | 0,06 0,05 0,02 Z[CT;Z%%?)/:OZOIS
Fe | mgkg | 710,65 - 410,56 JICTSYZ 1?41‘3/;’2015
Cd mg/kg 1,4 15 <0,05 ACTY 817175(3/.03:2007
Cu | mgkg| 395 30 2,15 I[CTSé :41172(2:2007
Co mgkg | 22,80 50 3,10 JICT%’ :f;gb/so:zom
Ni | mgkg | 390 40 2,80 JICTg/: Eg.;;zms
Zn mgkg | 15,70 23,0 13,45 ACT 36/ :438;;):2007

* - * according to the Order of the Ministry of Health from 14.07.2020 Ne 1595 About the
statement of Hygienic regulations of admissible maintenance of chemicals in soil

** background value.

So, resuarch results showed considerable contamination of filtrat from solid domes-
tic waste landfill and as result considerable contamination of soil in plases around solid
domestic waste landfill. Therefore there is a need of phytotoxic assessment of contami-
nated lands around the landfill at a distance of 500 m and 1000 m, which are used and /
or can be used in agriculture.

The study represents a complex analysis of the influence of the MSW landfill on
growth and root system of probiotic Sviteko-Agrobiotic-01 (1:100 dilution) at the first
stage, and addition of prebiotic and Ca(OH), at various pH values at the second stage.

The results of the first stage allowed defining the following. On the seventh day
of experiment germinated seeds in site la (control) was 95%, in site 1b (clean soil
and watering with prebiotics) — 97%, in site 1¢ (contaminated soil and watering without
prebiotic) — 69%, in site 1d (contaminated soil and watering with prebiotics) — 85%.
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Table 4
Influence of contaminated soil from waste disposal sites
on biometric indicators of Avéna sativa
o Length of
Germlmt)tlon ground part | Average | Weight of Weight
. seeds, %o
Variants (average of plant,cm | length of | ground part | of root
laverag (average | roots,cm. | of plant,g. | system,g.
indicator)
indicator)
1a (clear soil + distilled 949 26.76 1132 427 234
water)
1b (clear soil + probiotic) 98.0 29.26 13.30 4.52 2.61
1¢ ( contaminated soil +
distilled water) 69.2 20.73 6.31 2.03 1.33
1 d (contaminated soil + 85.4 2346 1053 287 1.69
probiotic)

The received results allowed concluding that the germinated seeds in the soil collected
around the MSW landfill are 17% lower in comparison with the control, ground parts of plants
are 22% less, the average length of roots is 44% less. The weight of ground part and weight
of a root system of plants in the soil from the dump is 55% and 42% less respectively. Pro-
biotic use in control (reference) and in variant with polluted soil gave the following results:

- germinated seeds in the clear soil sample were by 1.5% better with probiotic, in
contaminated soil from the landfill — by 5.2% respectively;

- the length of ground part in clear soil with addition of probiotic was by 9.4% more,
in contaminated soil from the landfill — by 11.6% respectively;

- the average length of roots in clear soil with probiotic was by 11.7% more, in con-
taminated soil from the landfill — by 40.2% respectively;

- the weight of ground part and weight of a root system of plants in clear soil with
probiotic was by 5.6% and 11.5% higher, in contaminated soil from the landfill — by
14% and 16.5% respectively.

The phytotoxicity of soil by length and weight of land and root parts of a plant was
calculated (Figure 1).

Levels of growing disease (phytotoxic effect, %5)

52,84 Above the average toxicity

43,11

34,54

Average toxicity 321

22,53

20 _—_— — T __
toxicity
10 5,81
25
; l — |
Site 1c (soil from MSW dump) Sate 1d (zo1l from MSW dump with

probiotic)
m By length of a land part = By average length of roots
By weight of a land part By weight of a root system

Figure 1. Assessment of phytotoxic effect of the soil from the MSW landfill on the example
of Avéna sativa cultivation
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The second stage included the study of the phytotoxic influence of a filtrate
from the MSW landfill after its cleaning with Ca(OH), and probiotic Sviteko-Agro-
biotic-01 (1:100 dilution) on germination, growth and the root system of Avéna
sativa (Table 5).

Table 5
Assessment of contaminated filtrate from the MSW dump on the example of
Avéna sativa cultivation at various methods of cleaning

Germinated Length of Length of Weight | Weight of Average
o ground of root ground .
. seeds, %o roots, cm root weight
Variants | pH part, cm system, g part, g
(average (average of one
indicator) (average indicator) (average | (average seed, g
in indi ) indi ) | indi \ R
2a 9.0 94.6 26.7 113 2.34 4.27 0.025
2b 84 81.3 12.0 6.5 1.45 236 0.0178
2c 93 90.0 18.0 8.1 1.73 2.87 0.0192
2d 10.0 84.0 16.0 7.0 1.65 2.73 0.0196
2e 9.45 96.0 272 11.5 245 4.85 0.027
2f 835 92.0 184 84 1.79 2.92 0.0195
2g 931 84.0 13.0 6.8 1.53 2.6 0.018
2h 10.0 93.0 22.0 10.9 2.34 4.6 0.025

Note. 2a- clean water +Ca(OH), atpH 9.0;

2b - filtrate + Ca(OH),, pH 8,4;

2c - filtrate + Ca(OH),, pH 9,3;

2d - filtrate + Ca(OH),, pH 10,0;

2e — clean water + Ca(OH),, pH 9.45 + probiotic.
2f — filtrate +Ca(OH),, pH 8,35 + probiotic;

2g - filtrate + Ca(OH),, pH 9,31 + probiotic;

2h - filtrate + Ca(OH),, pH 10,0 + probiotic.

It is proved that the addition of Ca(OH), and probiotic Sviteko-Agrobiotic-01
(1:100 dilution) at pH 10 gives the maximum filtrate cleaning. In variants with pro-
biotic germinated seeds were 84-93%. In variants with only Ca(OH), application
at different pH values germinated seeds were 81-90.0%. Length of ground part were
large in variants with probiotic application (13-22 c¢m), in variants with only Ca(OH),
application were 12-18 cm. Similar results were obtained through the assessment
of the weight of root system, weight of underground part, average root weight of one
seed (Fig. 2).

Application probiotic allows improving the soil quality and reducing its
phytotoxicity. In particular, if the toxic influence on a root system of contam-
inated soil was characterized as above the average, after probiotic application
toxic influence was weak (absent) according to the levels of growing disease
(Table 6).

It is established that the use of Ca(OH), and probiotic Sviteko-Agrobiotic-01 (1:100
dilution) at pH=10 allows improving the quality of anthropogenic polluted soil, reduc-
ing toxic impact on biota and increasing the efficiency of filtrate in MSW landfill

(Fig. 3).
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Levels of growing disease (phytotoxic effect, %)

=
o

Site 2b

® By length of a land part
m By weight of a land part

50

40

30

20 I =
0

Site 2¢

Above the average toxicity

| | Average toxicity

Site2d

Site 2f

No
I toxicity
||

Site 2g

m By average length of roots

By weight of a root system

Site 2h

Figure 2. The results of the assessment of the phytoxic effect based of Avéna sativa
cultivation with different cleaning methods

Table 6

Assessment of phytotoxic effect of a filtrate from the MSW landfill on the example
of Avéna sativa cultivation

Levels of growing disease (phytotoxic effect, %)

pH 10

. By length of By weight of .
Variants By average By weight of a
ground part of len:;th of r§0ts ground part of .:')oot glstenfz
plant plant

Site with watering with 55.06 4248 38.03 4473

a filtrate + Ca(OH)2 at Above the Above the Avera e‘ toxici Above the

pH 84 average toxicity | average toxicity g ty average toxicity

ewhraeme® o | x| wn | ow

pHO3 ’ Average toxicity | Average toxicity | Average toxicity | Average toxicity

Site with watering with Above th.e. 38.05 29.49 36.07

a filtrate + Ca(OH)2, average toxicity | . -

pH 10.0 verage toxicity | Average toxicity Average

Site with watering with

afiltrate + Ca(OF)2 + Avera3 t?gmci Avera2 5.?6xi i Aver: 23.ioxi i Aver. 31.?in i

probiotic, pH 8.35 Iy ty ge toxicity verage toxicity verage toxicity

Site with wateﬁgg with 51.31 3982 346 40.15

afiltrate and addition of|  Above the Averace foxicity | Average toxici Above the

Ca(OH)2 + probiotic, | average toxicity verage toxictty | Average toxicity average toxicity

pH9.31

Site with watering with 17.60 354

a filtrate and addition of|  No (weak) No (.we k) 0.00 0.23
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Figure 3. The results of the evaluation of the phytotoxic effect on Avéna sativa depending
on the cleaning methods and different pH

Conclusion. The experiments allowed estimating the phytotoxic effect of a filtrate
from the MSW landfill on the example of Avéna sativa cultivation and recommending
methods of leachate treatment at solid domestic waste landfill:

1. Phytotoxic effect of the soil from the MSW landfill. Germinated seeds were on
17% lower, length of ground part was on 22% lower, the average length of roots was
on 44% lower in comparison with control (clean soil). The weight of ground part
and weight of a root system of plants in the soil from the landfill was on 55% and 42%
less respectively. Influence of pollutants was characterized as the above average
toxicity.

2. Application of probiotic Sviteko-Agrobiotic-01 (1:100 dilution) for cleaning
contaminated soil. Germinated seeds were better on 5.2% in comparison with the pol-
luted soil without the probiotic, the length of ground part of plants was large on 11.6%,
the average length of roots — on 40.2% respectively; the green weight of ground part
of plants and the weight of a root system of plants were on 14% and 16.5% higher
in comparison with the polluted soil without the probiotic application. Thus, the use
of prebiotics allows improving the quality of soil and reducing its phytotoxicity. In
particular, if the influence on a root system of the contaminated soil is characterized
as toxic above the average, after probiotic application — as the average toxicity by root
weight and absent (weak) toxicity by root length. Application probiotic Sviteko-Agro-
biotic-01 (1:100 dilution) and Ca(OH), at pH=10 the maximum cleaning effect was
reached, the phytotoxic effect is estimated as weak toxicity (by the length of ground part
according to the average length of roots) and as no toxicity (by the weight of a ground
part, weight of a root system). The phytotoxic effect of the filtrate without cleaning —
above the average toxicity.

Thus, the use of Ca(OH), and probiotic Sviteko-Agrobiotic-01 (1:100 dilution)
at pH=10 allows improving the quality of contaminated soil, reducing toxic impact on
biota and increasing the efficiency of leachate treatment in MSW landfill.
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