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Jluceprariito MpUCBSIYEHO BUPIIIICHHIO HAYKOBOTO 3aBAAHHS, SIKE CIIPSIMOBAHE
Ha BUKOPUCTAHHI1 EKOJIOTIYHUX BIIACTUBOCTEHN IMMOO1JTI30BaHUX
a30TTpaHCPOPMYIOUHX MIKPOOIOIIEHO31B 3 BUIIYUYCHHS CITOJIYK a30TY 31 CTIYHUX BOJI
JUTSI 3aXUCTY 00’ €KTIB rigpocdepu Big eBTpodiKaliii.

3axyUcT TPHUPOMHUX BOAOWM Bia eBTpodikallii, BUKIMKAHOI CKUIOM
O10reHHUX €JIEMEHTIB y CKJaJl HEAOCTaTHbO OYMILIEHUX CTIYHUX BOJ — HarajibHa
HAyKOBO-IIPAKTHUYHA €KOJOTriyHa mpobneMa. TpanuiiiiHo rinOOKe BUAATCHHS
CIIOJIYK @30Ty 3 CTIYHHMX BOJ| O10JIOTIYHUM METOJOM 3aCHOBAaHO HA BHKOPHCTAaHHI
MIKpoOiosioriuHoi HiTpudikamii (aeaMoHi3alii cepeloBHIla) Ta B CyYaCHUX
cxemMax —  MikpoOionoriuoi  HiTpudikamii-nenitpudikamii  (meazorarrii
cepenopuiia). OcraHHl BIIKPUTTS B 007acTi MIKpPOOIOJIOTIYHOTO OKHCHEHHS
aMOHII0 (anammox 1 commamox IMPOLECIB, aMOHIHOKUCHIOIOUUX apXeil) MpUBEIn

70 peBi3li cxeM I00aJbHOTO IHMKIY a30Ty, a OCOOJMBO MOTO OKHCHIOBAJIBLHOT

YacTMHM — JeaMoHi3amii cepemopuma. Came 3 anammox TPOIECOM —
AHOKCUTHUM OKHMCHEHHSIM aMOHIIO 10 ra3omnoaiOHOTO a3oTy
anammox-IUIaHKTOMIIIETaMu,  TPOBiAHI  ¢axiBii B Taidy3l  OXOpPOHH

HAaBKOJIMIITHBOTO ~ CEPEJOBHUINA  TOB'S3YIOTh  MOKJIUBICTh  KapAHWHAIBHOTO
MOJIIIMIIIEHHsT SKOCTI OYMINEHHS BOIW BiJl CIIOJIYK a30Ty 4Yepe3 EKOJOTiuHI Ta
E€KOHOMIYH1 TiepeBaru 1poro meromy. IIpore MikpoOiojoriuHa aeaMoHI3aIlis Ta
Jea3oTaliss CTIYHUX BOJ, $KAa 3yYMOBIIEHA >KUTTEIISJIBHICTIO aBTOTPOQHUX
MIKpOOPTaHi3MiB, YCKJIQJHIOETHCS TMPUCYTHICTIO B MICHKUX Ta B aOCONIOTHIM
OUTBIIIOCTI MPOMMCIIOBUX CTIYHMX BOJI BUCOKHUX Ta HAJBHCOKHX KOHIICHTpAIliil
OpPraHiyYHUX CHOMYK, SIKI KapAWHAJIbHO 1HTIOyI0TH aBTOTpO(HI mpouecu. IHima

nmpobjeMa JAeaMOHIZYIOUHUX Ta J1€a30TYIOUHUX MIKpOOIOIeHO31B — HEOOXI1IHICTh



MOEHAHHS B OJHOMY MIKPOOIOIIEHO31 BUCOKOAKTHMBHUX MIKPOOIOIOITYHUX
MPOIIECIB, MO MOTPEOYIOTh iaMETPaJbHO MPOTHUICKHUX KHCHEBUX DPEKHUMIB.
OnHUM 3 MEepPCIEeKTHBHUX HAIPSMKIB BUPIMICHHS ITUX MPOOIeM € iIMMOOLTI3alis
MiKpoOiolieHo31B. Bimomo, mo B mporecax O10JOTiYHOT OYHMCTKH CTIYHHMX BOJ
IMMOO1J1130BaH1 MIKpOOIOLIEHO3M MaroTh 0araro mnepeBar MOPIBHAHO 3 BUIBHO
miaBatounmu.  [Ipotre  exosoris  Ta  OCOOMMBOCTI  PO3BUTKY  came
azoTTpaHcPopMyrounx 1IMMOOUTI30BAaHUX MIKPOOIOIIEHO31B B yMOBax OOpOOKHU
BHCOKOKOHIICHTPOBAHUX 3a OpraHIYHUMHU 3a0pyAHCHHSMH CTIYHUX  BOJI
3aJIMIIAIOTHCA 1€ MATOA0CIIIKECHUMHU.

VY po0oTi MpoBEIEHO aHAII3 Ta y3araJbHEHHS BIJOMOCTEH IO/0 CKIATy Ta
BJIACTHUBOCTI  IMMOOLTI30BaHUX  MIKPOOIOIIEHO31B B yMOBax  OOpoOKH
BHCOKOKOHIIEHTPOBAHUX 32 OPTaHIYHUMHU 3a0pyIHEHHSIMU CTIYHUX BOJ.

ExonoriyHi YMHHUKKA PO3BUTKY a30TTPaHC(POPMYIOUMX MIKpOOIOLEHO031B (B
TOMY YHCJII IMMOOLTI3a1110) MOYJIMBO BUKOPUCTATH B SIKOCT1 KEPYIOUHMX BIUTUBIB Ha
OpOLIECH OYUCTKH CTIYHUX BoA. Jlo TOro » CTpyKTypa iIMMOOLTI30BaHUX
MIKpOOIOIIeH31B, 10 CKJIAMAIOThCS 3 PI3HUX BUIB, SKI 3HAXOOATHCA B
CUMOIOTHYHUX BiTHOIICHHSX, JIa€ MIJACTAaBH CIIOAIBATUCH HA iX cTpaTuikalliro 1 3a
KHUCHEBUMHU PEKMMaMH, a, OT)KE BUCOKY aKTUBHICTH SIK MIKpOAaepopiIbHUX, TAK 1
AHOKCUJHHMX Ta aHAePOOHHUX a30TTPaHCPOPMYIOUUX MIKPOOPTaHi3MiB.

JlocaimpKeHHsT eKOJIoTii a30TTPaHCPOPMYIOUOT0 MIKpOOIOIEHO3Y BKIIFOUAIO
HACTYIIHI HaNpsAMM: JOCIIJDKEHHS CKIaAy MiKpoO1oUeHO03y (MiKpOoOO10JIOrTYHUMH,
¢bi3iooriyHUMHU  Ta OIOXIMIYHUMH METOJaMH), IOCTIHDKCHHS BIJHOCHH MIX
EKOJIOTO-TPOPIYHUMU  TpynaMu B MIKPOOIOIEHO31, JIOCHIPKEHHS  BIUIMBY
EKOJIOTIYHUX YMOB (KOHIICHTpAIlll aMOHIMHOTO a30Ty Ta OpraHIYHUX PEYOBHH) Ha
MeTaboMI3M  OKpPEeMHUX  a30TTPaHCPOPMYIOUHUX  TpPylm  MIKPOOPraHi3MiB.
[nenTudikamiro razonoJI0HUX METa0OMITIB, IO YTBOPIOIOTHCA MIKPOOIOIIEHO30M,
BUKOHAIHM razoxpomarorpadiuno. B 1HTIOITOpHUX eKCIepUMEHTaX BUKOPUCTAIHU
YOTUpPU  1HTIOITOpU, SIKI  MPUTHIYYIOTh  KJIIOYOBI  (PEPMEHTH  OKpPEMHUX
exojoro-tpodiuanx Trpyn MikpooOiomenosy: AOBb, AOA, anammox-0akTepii,

NeHITpUPiKyrounx 6aKTepii.



Pesynbrat mpoBeneHUX EKCIEPUMEHTAIbHUX JOCHIHKeHb CB1IYaTh, IO
OCHOBHUMHU  TpPO(PIUYHMMH  B3a€MOBIJIHOCHHAMH  €KOJIOTO-TpO(DIUHUX  Tpynl
MIKpOOPTraHi3MiB B a30TTpaHC(HOPMYIOUOMY IMMOO1TI30BAHOMY MIKpOOIOIEHO31 €
MYTyalli3M Ta KOHKYPEHIIiS.

Po3po0neHO KOHCTPYKLIIO Ta BHUIOTOBJIEHO JAOOparopHy O101HCKOBY
YCTAHOBKY I JIOCHIDKCHHS BIUIMBY C€KOJOTIYHMX YWHHHKIB Ha IIPOIECH
JieazoTanli Ta JeamMoHi3alli CTIYHMX BOJl PI3HOTO CKJIAIy a30TTpaHC(HOpMYrOUurUM
MiKpOOI10IIEHO30M, sSIKa MpaIfoBaja y KOHTAKTHOMY Ta MPOTOYHOMY peXKHMaXx.

Busnaueno, mo aszorrpanchopmyrourii  MikpoOioneHo3 chopMoOBaHOT
OIOIJIIBKM Ha I1HEPTHOMY HOCIT JUCKOBOi  YCTAaHOBKM  IPEACTaBICHUI
aMoHi(iKaTopaMu, AOBb (aMOHIMOKHCHIOIOYMMU Oaktepisimu),  AOA
(amonitiokucHIOrOUUMH  apxesiMu), HODB (HITpUTOKUCHIOIOYMMHU OaKTepisMHM),
anammox-0akTepisiMU Ta JACHITPUPIKYIOUMMH MiKpoopranismamu. Po3po0OieHo
METOJIOJIOTIF0 BH3HAYCHHS CKJIaay 1MMOOUII30BaHOTO a30TTpaHC()OpMYyI0dIOoro
MIKpOOI1OLIEHO3y OYHCHOI YCTaHOBKM B THPHUCYTHOCTI, Tak 1 3a BIJCYTHOCTI
OpraHiYHUX PEYOBMH B CTIUHIN BOAi: (i310JIOTIYHUMH, MIKPOOIONOTIYHUMH 1
010XIMIYHUMU TECTAMHU.

BcTaHnoBneHo kepyrounii BIUIMB €KOJOTTUHMX YMHHUKIB Ha KUTTEAISUIHHICTD
IMMOOLTI30BaHOTO a30TTPAHC(HOPMYIOYOTO MIKpPOOIOIEHO3y Y KOHTAaKTHOMY Ta
IPOTOYHOMY pEXKHMaxX 0OpOOKHM CTIYHHMX BOJ, JI0 SKHX BiTHOCSTHCS: TEMIIEparypa,
KOHILIGHTpALllsl PO3YMHEHOI0 KHCHIO, KOHLEHTpalls aMOHIMHOro a3oTy, peakil
cepenopuimia pH Ta HaliBaroMimmuii eKOJIOTIYHUNA YWHHUK — TPHUCYTHICTh
OpraHivyHOI PEYOBUHU Ta il KOHLIEHTPAILIisl.

B mporeci aBTocenexIiii mpoCcTOPOBHI PO3MOIIT €KOJIOTO-TPOPIUHUX TPy
MIKPOOPTaHi3MiB B iIMMOO1TI30BaHOMY MIKpOO101I€HO31 Bi0yBaBCS TaKUM YHUHOM,
10 y MOBEPXHEBOMY I1api O10TIJIIBKY B a6pOOHUX YMOBAaX PO3BUBAIOTHCS 0OJIraTHI
aepoobu — AOB, AOA, HOb Ta aepoOHi rerepoTpodHi MIKpOOpraHi3Mu, a B
HUKHBOMY Imapl OIOIUTIBKM PO3BHUBAIOTHCS MiKpoaepoduUibHI Ta aHaepoOHi

MIKpOOpPraHi3My, B TOMY YHCIIi — anammoXx-0akTepii Ta AeHITpUIKYIOUi.



JlocnipKeHHsT BIUIMBY €KOJIOTTYHMX YWHHUKIB: KOHIIEHTpAIlli pO3YUHEHOTO
kucHio, pH cepenoBuia, TemnepaTypu Ta KOHIIEHTpAIlil OpraHiqYHOi pEYOBUHU, HA
MEPETBOPEHHS a30TBMICHUX CIOJYyK 1MMOOUTI30BaHMM MIKPOOIOIIEHO30M TpH
00poOIll CTIYHMX BOJA B KOHTAKTHUX YMOBax IIOKa3ajo, 10 HalBaroMimmm
(dakTopoM JeamMoHi3alli Ta jAea3oTalli CTIYHUX BOJ LHUM MIKPOOIOLIEHO30M €
KOHIIEHTpaIlist opraniunoi pedoBunu (XCK).

Pesynprati  eKCIEpUMEHTAIBHUX JIOCHIKCHh B KOHTAaKTHHUX YMOBAax
00pobku mokazanu, mo edekt Bumaienus N-NH, + Nopr ckmaB 57,6% mpu
BUCOKHMX HABAaHTAXKEHHSIX PO3YMHEHUX OPTaHIUYHUX CIONYK. [IMTOMa HMIBUIKICTH
sunaneHns N-NH, cranosuts 1,6, N-NH, +Nopr — 1,8 MI/(Tge; pes. TON).

PesynbraTtu EKCTIePUMEHTATBHUX JIOCITIIKEHD MOKa3aJI, 110
IMMOOLTI30BaHUN MIKPOOIOIIEHO3 MPOTATOM 6,6 roj nepedyBaHHsI CTIYHOI BOJU B
OiopeakTopi akTUBHO Ta MIHOOKO (10 99,5 %) OKHMCHIOE OpraHiyHl CHOJYKH Ta
aktuBHO (10 99,9 %) nmeamonizye cepepoBuine. OTxe, 3a paxyHOK OyqOoBH Ta
CTPYKTypu  OIOIUTIBKM, NPOCTOPOBUX Ta  TpPOPIYHUX  BIJHOCHUH  MIXK
eKOJIOTO-TPOGIYHIUMHU  TpymaMyd  1IMMOOLTI30BaHOTO  MIKpOOIOIEHO03a,  SIKUN
dbopMyBaBcs B NPUCYTHOCTI HAJ3BUYAHO BHUCOKHMX KOHIIEHTpAIld OpraHIdYHUX
peYoBHMH Ta BHCOKHMX KoHUeHTpaliid N-NH, B cepenoBuiii, B O10IUIIBLI CKIIATUCA
Taki YMOBH, SIKi JO3BOJIIIOTh aKTUBHO METa0O0Mi3yBaTh SK TeTepOTPOdHUM, TaK 1
aBTOTPO(HUM MIKPOOpPraHi3MaM ¥ OKHCHIOBAaTH SIK OPraHiuHI CIHOJYKH, TaK 1
HEOpraHI4YH1 CIOJIYKH.

[Ipu 00poOIIl BHUCOKOKOHIICHTPOBAHUX, 3a OPraHIYHUMHU 3a0pYIHEHHSIMH,
CTIYHMX BOJ B NPOTOYHUX YMOBAX KYJIbTUBYBaHHS IMMOOUII30BaHUMN
MIKpOOIOIIEHO3 aJanTyBaBCs J0 JIeaMOHI3aIlll CepeIOBUINA B €KCTPEMAIbHUX IS
aBrorpoHoi Mikpodopu ymosax: XCK > 823 mrO/mm’. OntumansHUM st
npoueciB jiea3oraunii OyB Me30(UIBHHI TeMIepaTypHH peXuM, KOHLIEHTpaLis
KUCHIO B cepenoBuii > 4 wmr/aM’. Ilutoma mBuakicte BupaneHns N-NH, B
OPUCYTHOCTI OpraHiYHMX peYoBUH Jjocsrana 1,6, 3a BiacytHocTi — 4,3

mr/ (r6€3.peq. ) FOI[) :



Po3pobiieno ekonoriuHo Oe3meyHuil Croci0 OYHMINEHHS CTIYHHUX BOJ BiJ
CIOJIYK @30Ty Ta PO3YMHEHUX OPraHIYHUX PEYOBHH B JUCKOBOMY O10p€akTopi 10
HOPMAaTUBHUX BUMOT JJIsl CKUy B BOJHUH 00'€KT.

B BUpoOHMYMX yMOBax MpOBEACHO ampoOallito €()EKTUBHOCTI BUAATICHHS
CHOJIYK a30Ty (Aea3oTarii) IMMOO1UII30BaHUM MIKpOOIOLIEHO30M IpU 00poOIl B
O10AMCKOBIM  yCTaHOBIII Ta OTPUMAHO AKT BIPOBAKCHHS PE3yJbTaTiB
nucepraniitaux pociipkenb Ha ctaiiii 'O “OEJIB/IMAH EKO-ITAPK™.

Kniwowuosi  cnoea:  azorrpanchopMyiodi  MIKpOOIOIIEHO3HW,  €KOJOTis
MIKpOOIOIIEHO31B,  €KOJIOTIYHI YMHHUKH, IMMOOLII30BaHUN  MIKpOOIOIEHO3,
JieazoTalisd Ta JeaMOHI3allisl BOJHOTO CEpPEeJOBHINA, CIOIYKH a30Ty, O10[HCKOBa

yCTaHOBKA, CTIYHI BOJIH.

ABSTRACT

Tsytlishvili K.O. Ecology of immobilized nitrotransforming
microbiocenosis in the wastewater treatment systems.

Dissertation for the degree Doctor of Philosophy (Ph.D.) on a specialty 101
— Ecology — Scientific-research institution “Ukrainian scientific-research institute
of ecological problems”, Kharkiv, 2021.

The dissertation is dedicated to solving of the scientific problem which
shows the ecology properties of immobilized nitrotransforming microbiocenosis
use for the destruction of nitrogen compounds from wastewater and water objects
protection from eutrophication.

Protection from eutrophication, formed by from dump of biogenic elements
which are the part of pollutants of wastewater — is one of the crucial,
scientific-practical, ecologic problems. Usually a comprehensive removal of
nitrogen compounds from wastewater by biological treatment based on
microbiological nitrification (deamonisation of the environment) use and in a
nowadays systems — microbiological nitrification-denitrification

(denitrogenation-deasotation of the environment). The last discoveries in the area



of microbiological oxidation of ammonia (anammox and commamox processes,
ammonium oxidation arheys) have led to the revision of global schemes of the
nitrogen cycle, and especially of his oxidation part — deammonisation of the
environment. And because of the anammox process — anoxide ammonium
oxidation to the gaseous form of nitrogen by anammox planctomycetes, the lead
scientists from an environmental safety area explain the possibility of a drastically
quality improvement treatment of wastewater from nitrogen compounds due to
ecological and economic benefits of this method. Therefore, microbiological
deammonisation and deasotation of wastewater, which forms due to the autotrophic
microorganisms lifecycle, complains by the presence, in the local and industrial
wastewater (mostly in absolutely bigger amount) high and critical concentrations
of organic compounds, which radically inhibiting autotrophic processes. Another
problem of deammonisation and deasotation processes i1s — a necessity of a
combination of high actively microbiological processes in one microbiocenosis,
that requires completely different oxidation regimes. One of the promising ways
for solving this issue is the an immobilization of microbiocenosis. It is known, that
in processes of wastewater treatment the immobilized microbiocenosis have a lot
of advantages in comparison with those that are freely floating. Nonetheless, the an
ecology and specificities of growing of nitrotransforming immobilized
microbiocenosis in conditions of highly-concentrated by organic compounds
wastewater still have not been studied well.

The analysis of general knowledge of the composition and properties of
immobilized microbiocenosis in the condition of highly-concentrated organic
compounds of wastewater has been done.

The ecological factors of grow process of nitrotransforming microbiocenosis
(including an immobilization) could be used as general influences on processes of
wastewater treatment. Moreover, the structure of immobilized biocenosis, which
contains from different species, and which are in the symbiotic relationship with,

that all give the opportunity on their stratification by the oxidation regimes and



because of that the high activity as microaerophilic as anoxide and anaerobic
nitrotransforming microorganisms.

Ecological studies of nitrigentransforming microbiocenosis included the
following directions: the study of the compound of microbiocenosis
(microbiological, physiological, and biochemical methods), the study of conditions
between eco-trophic groups in the microboiocenosis, the study of the influence of
ecological conditions (concentration of ammonia nitrogen and organic compounds)
on metabolism of separate nitrotransforming groups of microorganisms. The
identification of gaseous metabolites that are forming by the microbiocenosis has
been done by gas chromatography. In the inhibitory experiments the four inhibitors
which decrease the basic enzymes of separate eco-trophic groups of
microbiocenosis: AOB, AOA, anammox-bacteria, denitrification bacteria have
been used.

Results from experimental studies that have been done, show that the general
trophic relationships of eco-trophic microorganisms groups in a nitrotransforming
immobilized microbiocenosis are mutualism and competition.

The scheme and laboratory biodisk device for the study of the ecological
factors on processes of deasotation and deammonisation of a different wastewater
quality by nitrotransforming microbiocenosis which worked in contact and flow
regimes have been developed and built.

It has been studied, that the nitrotransforming microbiocenosis of formed
biofilm on the inert surface of disk apparatus is presented by ammonificators, AOB
(ammonium oxidation bacterias), AOA (ammonium oxidation arheys), NOB
(nitrooxidation bacterias), anammox bacteria and denitrification microorganisms.
The methodology of determination of the immobilized nitrotransforming
microbiocenosis composition of the treatment device with the presence and
absence of organic matter in wastewater by physiological, microbiological and
biochemical tests have been developed.

The leading influence of ecological factors on the immobilized

nitrotransforming microbiocenosis lifecycle in a contact and flow mode of



wastewater treatment have been studied, some of them are temperature, the
concentration of dissolved oxygen, the concentration of dissolved ammonia, pH
and the most crucial ecological factor — the organic matter presence and a
concentration of it.

In a process of autoselection, the spatial distribution of eco-trophic groups of
microorganisms in the immobilized microbiocenosis happens the way that in the
upper layer of the biofilm in an anaerobic condition the obligation aerobics are
evolved — AOB, AOA, NOB and aerobic heteromorph microorganisms and in the
lower level of the biofilm the microaerophiles and anaerobic microorganisms
including — anammox and denitrification bacteria.

The studies of the influence of ecological factors: dissolved oxygen
concentrations, pH, temperature and concentration of the organic substance on a
transformation of nirtigencontained compounds by immobilized microbiocenosis
during wastewater treatment in the contact mode showed that crucial factor of
deammonisation and deasotation of wastewater by this microbiocenisis is the
concentration of organic matter (by COD).

The results of experimental studies showed that in the contact mode the
treatment efficiency from N-NH, + N, is 57,6% (with a high concentration of
organic matter presence). The specific velocity of treatment N-NH, is 1,6, N-NH,
FNorg — 1,8 ME/(8 st subst- 1)

The results of experimental studies showed that presence of the immobilized
biocenosis during 6,6 hours in the bioreactor with wastewater actively and
comprehensively (up to 99,5%) oxidizes organic compounds and actively (up to
99,9%) deamonisation the environment. In this connection, due to the structure and
form of the biofilm, a dimensional and trophic connection between ecotrophic
groups of immobilized microbiocenosis which formed with a presence of a
critically high concentration of organic substances and N-NH,, the special
condition in the biofilm is formed that allows actively to metabolize as
heterotrophic and autotrophic microorganisms and oxidizes like organic and

inorganic components.



With a highly concentrated wastewater treatment by organic pollution in the
flow mode of cultivation, the immobilized microbiocenosis was adapting to the
deammonisation of the environment in the extreme conditions for the autotrophic
microflora: COD > 823 mgO/dm’. The optimum mesophilic temperature regime,
for the process of deasotation, was with oxygen concentration in the area > 4
mg/dm’. The specific velocity of N-NH, removal with the presence of organic
compounds reached 1.6 with absence — 4,3 mg/(g .. subst-h)-

The ecofriendly method of wastewater treatment from nitrogen substances
and dissolved organic compounds (that reach the limits for water body dump) in
the disk bioreactor have been developed.

In a working condition the approbation of removal effectiveness of nitrogen
compounds deasotation by immobilized microbiocenosis with processing in the
biodisk apparatus have been approved, and the Act of implementation about results
of dissertation studies on the stabling of PO "FELDMAN ECO-PARK" has been
obtained.

Key words: nitrogentransfoming microbiocenosis, the ecology of
microbiocenosis, ecology factors, immobilized microbiocenosis, deasotation and
deammonisation of water environment, nitrogen compounds, biodisk reactor,

wastewaters.
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