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B nucepramiiiHoMy AOCHIDKEHHI BUPIIIEHO BaXKJIMBE HAYKOBO-IPAKTUYHE
3aBJaHHS — BCTAHOBJICHHS ONTHMAJIBHUX YMOB BUKOPHUCTAHHS CyOCTpaTy Ha OCHOBI
0CaJIiB CTIYHUX BOJ JJIsl MPOBEACHHS 010J10T1YHOI PEKyIbTHBAII].

[TpoanamnizoBaHo 1OCBiJ YKpaiHu Ta CBITY B YTWII3allii OCaAiB CTIYHUX BOJI.
BusznaueHno HaimommpeHiii cnocoOn yTHimi3allii ocaiB CTIYHUX BOJ B YKpaiHi Ta
cBiti. [lpoanamizoBaHo J0CBiJi YKpaiHU Ta CBITY Yy HIPOBEICHHI O10JOTIYHOI
peKkyiabTUBaLli. BusHaueHO 0OCHOBHI HaNpsIMU O10JIOT1YHO1 pEKyIbTUBALIL B YKpaiHi Ta
CBITI.

[IpoBeneHO MOHITOPUHIOBI JOCIIUKEHHS HAKOMMYEHUX HA MYJOBOMY IOJI
JIMKII «JIpBiBBOIOKaHAT» OCaJIB CTIYHMX BOJI. BU3HAau€HO BMICT MiHEpajbHOI Ta
OopraHiyHoi pe4yoBWHH, Bojorocti Ta pH B HakommueHux ocamax. [IpoBeneHo
MiKpOO10JIOT14HI JOCIIII)KEHHS Ha BMICT TATOT€HHUX MIKPOOPTaHI3MiB B HAKOMTUYEHUX
ocajiax CTIYHHMX BOJl. Bu3HaueHO BMICT pyXOMHX Ta BaJIOBUX (JOPM BaKKHX METaJIB B
HAKOMMYEHUX ocajax. BcTaHOBIEHO, 110 BMICT JOCHIKYBAaHUX KOMIIOHEHTIB B
Hakonu4eHux ocanax BianoBigae HopMam JICTY 7369:2013. 3a pesynbraTamu
IPOBEJACHUX MOHITOPUHTOBUX JIOCIIKEHb BCTAHOBJICHO 3aJICKHICTh BMICTY Ta
PO3MOLTY JOCTIIKYBaHUX KOMITIOHEHTIB. BCTaHOBIIEHO, 1110 BiJl TIMOUHM 3ajIsiTaHHS
MYJIOBHX OCaJiB NPSMO 3aJE€KUTh BMICT MIHEPAJIbHOI PEYOBHHM, @ TAaKOX BMICT
pyxomoi (hopMH KaJIMitO Ta BaJIOBU BMICT MaHTaHy. Bij BMiCTy OpraHiuHO1 pe4OBUHH
3QJICKUTh BMICT pyXoMoi (pOpMH HIKEJI0 Ta IIUHKY, a TaKOXX BaJOBUN BMICT MiJl,
CBUHI[IO, HIKEJIO, KaaMilo, IUHKY Ta XpoMy. Boioricte MyloBUX OCaAiB HPSIMO
3asiexkuTh Bi pH cepepoBumma. Y 0Oararbox BiiOpaHuX MpoOax BCTAaHOBJIEHO
3JIEKHICTh BMICTY PyXOMHX (DOpM BaKKMX METaIIB BiJl iX Baj0OBOi (hopmHu.

BusHaueHO SKICHI TOKa3HUKH «CBIKHX» OCaJiB CTIYHUX BoA. IIpoBeacHo

BU3HAYEHHS SIKOCTI CyOCTpaTy Ha OCHOBI «CBIKHMX» Ta «BIACTOSHUX)» OCAIB LUISTXOM



3aCTOCYBaHHA MeToay OloHaukaiii. JIOCHIPKEHO BIUIMB PI3HUX KOMITO3MIIIHI
cyOCTpaTy Ha CXOXICTh, PICT Ta PO3BUTOK POCIIHUH.

BcraHnoBieHO, 10 BUKOPUCTAHHS CyOCTpaTy Ha OCHOBI «BIJCTOSIHUX» OCaIiB
CTIYHMX BOJ| Ta TEPMIYHO OOpPOOJICHUX «BIICTOSIHUX» OCAIB HEraTMBHO BIUIUBAE HA
PICT Ta PO3BUTOK SUMEHIO 3BUYAWHOTO, TipuuIli 017101 Ta Kpec-canary.

[Ipy BUKOpHCTaHHI CyOCTpaTy Ha OCHOBI «CBIKHX» OCaJiB BCTAaHOBJICHO, IIO
pICT POCIMH HE BIIOYBA€ThCS y 3pa3kax 3 4YacTkor ocaniB Outbiie 40%. 3a
pe3ynbTaTaMu JOCTIIKEHHST BCTAaHOBJEHO, LI0 TPU BUKOPUCTAHHI cyOcTpary 3
BMICTOM 0OCaJliB CTIYHUX BOJ 20% cepeliHi MOKa3HUKU POCTY KOPEHIB € OUIBIIUMU Y
MOPIBHSIHHI 31 3pa3KaMu 3 IPYHTOM.

JocnixkeHo, Mo TpU JOJAaBaHHI y KOMIIO3UII0 TPUPOJHUX COPOCHTIB
CXOXICTh POCJIHMH CIIOCTepiraiacs y BCiX JOCHIKyBaHUX cyOcTpaTax. BecraHoBieHo,
110 CEepeAHIN MOKa3HUK MPOPOCTAHHS Y 3pa3Kax 3 II€OJITOM € OUIBIIUM y TOPIBHSHHI
13 3pa3kamu 6e3 BMicTy 1eomiTy. [Ipu nonaBanui y kommnosutito 7,5% ta 10% mneomity
CIOCTEPITaloThCsl Kpalll MOKa3HUKHU CXOXKOCTI JIOCHIIHUX POCIHMH y cyOcTpaTax 3
BMmicToM ocafiB 35 ta 40%. [Tpu nogaBaHHI y KOMITO3UINIO IIEOITY Y BCIX BapiaHTax
cyOcTpaTy MOKa3HUKU POCTY Ha3eMHOI YACTUHU SIYMEHIO 3BUYAHHOTO OYJIM BUILIUMU Y
MOPIBHSHHI 13 KOHTPOJBHUM 3pa3KoM. 3a pe3yjbTaTaMu JOCHIIKEHHS BH3HAYEHO
3aJIEKHICTh B 3MiHI TEOMETPUYHUX MMapaMeTPiB POCIUH BiJl KOMIIOHEHTIB CyOCTpary.

[IpoBeneno nabopatopHi BUMPOOYBaHHS CyOCTpaTy 3 J0JaBaHHSM JBOX BH/IIB
MIPUPOJHUX COPOEHTIB (IICOJIITY Ta IJIAyKOHITY). BCTaHOBJIEHO MO3UTHUBHUI BILUIUB
cyOCTpaTy 3 BMICTOM IICOJIITY Ha CXOXICTh SUMEHIO 3BHYaiHOrO. BigmiueHo
MMO3UTHUBHUI BIUTUB CyOCTpaTy 3 BMICTOM TJIAyKOHITY Ha CXOXICTh, PICT Ta PO3BUTOK
paiirpacy. 3amnpornoOHOBAaHO ONTHUMAJIbHUM CKJaa cyOcTpaTy njisi MpPOBEICHHS
010JI0T1YHOT PEeKYJIbTHUBAIIII.

KurouoBi cioBa: ytuiizailisi, peKyJbTUBalLlisl, OCajJ CTIYHUX BOJA, MPUPOAHI

COpOEHTH, 1IEOJIIT, INIayKOHIT, IPYHT, CyOCTpaT, O101HAMKAITIS.



ABSTRACT

Shkvirko O. M. Environmentally safe biological reclamation technologies
using sewage sludge.

Dissertation for the degree Doctor of Philosophy (PhD) on specialty 101 —
Ecology. Lviv Polytechnic National University, Ministry of Education and Science of
Ukraine, Lviv, 2020.

The dissertation research resolved important scientific and practical task setting
the optimal conditions of use of the substrate based on sewage sludge for biological
reclamation.

The experience of Ukraine and the world in the utilization of sewage sludge is
analyzed. The most common methods of wastewater disposal in Ukraine and the world
are identified. The experience of Ukraine and the world in carrying out biological
reclamation is analyzed. The main directions of biological reclamation in Ukraine and
the world are determined.

Monitoring studies of sewage sludge accumulated on the sludge field of Lviv
wastewater treatment plant have been carried out. The content of mineral and organic
matter, humidity and pH in the accumulated sewage sludge were determined.
Microbiological studies on the content of pathogenic microorganisms in the
accumulated sewage sludge has been conducted. It is established that the content of the
investigated components in the accumulated sewage sludge meets the requirements of
DSTU 7369: 2013. According to the results of monitoring studies, the dependence of
the content and distribution of the studied components was established. It is established
that the mineral content, as well as the content of active form of cadmium and the gross
content of manganese directly depend on the depth of silt deposits. The content of
active matter of nickel and zinc, as well as the gross content of copper, lead, nickel,
cadmium, zinc and chromium depends on the content of organic matter. Humidity of
sludge directly depends on the pH. In many selected samples the dependence of the
content of active forms of heavy metals on their gross form was established.

Qualitative indicators of "fresh™ sewage sludge are defined. The quality of the

substrate based on "fresh™ and "settled" sewage sludge by applying the method of



bioindication was determined. The influence of different substrate compositions on
plant germination, growth and development has been studied.

It was found that the use of substrate based on "settled" sewage sludge and heat-
treated "settled" sludge has a negative effect on the growth and development of barley,
white mustard, and watercress.

When using a substrate based on "fresh™ sewage sludge, it was found that plant
growth does not occur in samples with a share of sewage sludge greater than 40%.
According to the results of the study, it was found that when using a substrate with a
content of sewage sludge of 20%, the average root growth is higher compared to
samples with soil.

It was investigated that when adding natural sorbents to the composition, plant
germination was observed in all studied substrates. It was found that the average
germination rate in samples with zeolite is higher compared to samples without zeolite.
When adding 7,5% and 10% of zeolite to the composition, the best indicators of
germination of experimental plants in substrates with a sewage sludge content of 35
and 40% are observed. When zeolite was added to the composition in all variants of
the substrate, the growth rates of the aboveground part of barley were higher in
comparison with the control sample. According to the results of the study, the
dependence in the change of geometrical parameters of plants on the components of
the substrate was determined.

Laboratory tests of the substrate with the addition of two types of natural
sorbents (zeolite and glauconite) were performed. The positive effect of the substrate
with zeolite content on the germination of common barley was established. The
positive effect of the substrate with glauconite content on the germination, growth and
development of oatgrass was noted. The optimal composition of the substrate for
biological reclamation is proposed.

Key words: disposal, reclamation, sewage sludge, natural sorbents, zeolite,

glauconite, soil, substrate, bioindication.
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