AHOTAIIA
Kopenuyk M. C. [Tinpuiierns eheKTHBHOCTI O10JI0TIYHOTO OUYHIIICHHS CTIYHIX
BOJ 3 BuaajeHHsAM ioHIB depymy. — KBamidikaiiiiHa HaykoBa Ipalisl Ha IpaBax
PYKOTIHCY.
Huceprariisi Ha 3100yTTsI HAYKOBOTO CTymeHs JokTopa (dinocodii 3 ramysi
3HaHb 16 XimiuyHa Ta OloiH)KeHepis 3a creriaiapHicTIO 162 biorexHonorii Ta
OloimxkeHepia. — HamionanpHMii TexHIYHHM yHiBepcuTeT YKpainu «KuiBcbkuit

NOJIITeXHIYHUM THCTUTYT IMeHi [rops Cikopcskoroy», Kuis, 2020.

B VYkpaiHi BOpoAOBXK OCTaHHIX AECATHIITH CIOCTEPIraeTbCs MOTIPUICHHS
SKOCTI IOBEPXHEBUX Ta Mij3eMHUX BoA. Lle ekonoriyHo HeOe3neuHe sBUILE
CIPUYUHIETHCS CKUIOM HEIOCTaTHBO OYMINEHUX CTIYHUX BOJ, 1, HE3BAXKAIOUM Ha
HasIBHICTh JIEP’)KaBHUX Ta MICLIEBUX HOPMATHBIB LIOJO0 PETYJIIOBAHHS T'PAHUYHO
JOMYCTUMMX KOHIIEHTpaliil 3a0pyJHIOIOUMX PEUYOBUH Yy BOJOMMAX PI3HOTO BUIY
BOJIOKOPHCTYBAaHHS ~ Ta MpaBWI NPHUMMaHHA NPOMHUCIOBUX CTIYHHX BOJ Y
KOMYHaJIbHI Ta BIJIOMYl KaHaJI3allliHI CHUCTEMHU, BIJIOYBAETHCA 3a0pyAHEHHS
MOBEPXHEBUX BOJONM OpPraHIYHUMH PEUOBHHAMH, BAXKUMHU METallaMH, CIIOJTyKaMHu
Hitporeny, dochopy [1]. [IpuurHamMu TaKOTO CTaHY € HEOCTATHIHN CTYITIHb
OYMIIICHHA Ha ICHYIOUMX OYUCHUX CIOpyJdax 3 MPUYMHU iX 3HOILIEHOCTI,
BUKOPUCTaHHA CTapUX MATIOE()EKTUBHUX TEXHOJIOT1H.

JIIJIBHICT, MPOMHUCIOBUX  ITAMPHEMCTB, 30KpeMa COJIOJOBUX 3aBOJIB,
KapTOHHO-TIANEpOBUX (PaOpHUK, BKIIOYAE TEXHOJIOTIYHI MPOIECH MPOMHUBKH 1
00OpOoOKU CHUPOBHUHM, B PE3YJbTaTl SAKUX YTBOPIOIOTHCS CTIUHI BOJHM, IO MICTSTh
3aBUCJII PEUOBMHU, PO3YMHEH1 OpTraHIYH1 CIIOIYKH, 10HH BaXKKUX METAJIiB, 30KpeMa
®epymy, cnonyku Hitporeny i ®docdopy, coni Ta 1H. y KOHLUEHTpalisix, SKi
NEPEeBUILYIOTh HOPMH, 1 TOMY MOTPeOYIOTb HAJIEKHOTO OUHUIICHHS Nepes
BIJIBEJICHHSIM Y TIPUPOJIHY BOJAOUMY.

Cepen TEXHOJIOTIM OYMIIEHHS CTIYHUX BOJ BiA 10HIB depymy mHpoOKo
3aCTOCOBYIOTBCSL TEXHOJIOTIi  (DI3MKO-XIMIYHOTO OYMILIEHHS CTIYHUX BOJX 3

BUKOPUCTAHHAM TaKUX METO/IIB: XIMIUHE OCAPKeHHS; Koaryisuis 1 guotamis. lani
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METOJM OYMILIEHHS CTIYHUX BOJX BiA cnoiayk depymy € T0pOroBapTiCHHUMH,
CYIPOBODKYIOTBCS YTBOPEHHSIM 3HAYHUX OO0 ’€MIB BOJOTOEMKHX OCaJiB, IO
noTpeOyroTh yTwWimizaiii. Mertogu copOiiii, 10HHOTO OOMIHY TOTPEOYIOTh
BUKOPHUCTAHHS TPOIECIB pereHeparlii COpOCHTIB Ta 1OHITIB, a EIEKTPOXIMIUHI
METO/M € EHEProEMHHMH, BHACIIZAOK 1X 3aCTOCYBaHHS MOXJIHBE YTBOPEHHS Y
CTIYHMX BOJaX TOKCUYHUX MPOYKTIB BIIHOBJICHHS.

[TepcnexTuBHUMEU 610J0TIYHUMU 00’ €KTaMH JIJISi OYUIIICHHS CTIYHUX BOJ BiJ
10HIB BaXKKUX METalliB, 30kpemMa depyMy, HiTpaTiB Ta ¢ocdaTiB BBAXKAIOTHCSI BOAHI
MakpodiTH, uepe3 iX BHUCOKY 3JaTHICTb [0 BWIYYEHHS IUX 3a0pyJHEHb.
HaiinepcrieKTHBHIIIMM BOJTHIM MakpoQiTOM BBaKAIOTh pOCIMHy Lemna minor, sika
Moke e(peKTHUBHO BUIAIATH 10HH DepyMmy 3 BOAM, CTIHKA JI0 TEMIIEpaTyp HIKUE
10°C, € BIIBbHOIUIABAIOYOIO POCIMHOIO 3 OJHUM 13 HAMIIBUAIIMX TEMIIB POCTY 1
4acoM IMOJIBOEHHS KOXHI1 5-6 i0.

3HauHU BHECOK B Tally3l OYHUIIEHHS BOJU BIJ 10HIB BaXKKUX METaJiB
3po0JieHnid TakMMHM 1HO3eMHMMHM BueHMMH: bpyremanHom B., Anenporom K.,
KoGasimi T., Mapmuepom X., HimmzaBoro H. 1 BITUM3HSHUMH BYECHUMU
Actpeninum .M., 3anonscekuM A K., Makcinum B.1., Cabmii JL.A., Xopyxum
[1.JI. HeBupimeHuMu 3alHIIAOTHCS NUTaHHS €()EKTUBHOCTI BUKOpPUCTaHHS L.
MINOr [yIs OYMIIEHHS CTIYHMX BOJ Bia 10HIB Pepymy; BIUIMB MUTOMOI OioMacu
PSCKH, TPUBAJIOCTI, BUXIJHOI KOHIEHTpauii 10HIB PDepymy Ha eQPEeKTHUBHICTb
BUJIaJICHHS 10HIB DepyMy 31 CTIYHUX BO/I.

Metorw po60OTH € YAOCKOHAJIIEHHS OI0TEXHOJIOTII OYMILEHHS CTIYHUX BOJ 3
BUKOPHCTaHHAM Lemna minor mis migBuIIeHHS ¢(pEeKTUBHOCTI BHAJICHHS 10HIB
Oepymy.

B nuceprariii Briepiie oTpruMaHi Taki HOBi HAyKOBi pe3yJIbTaTH:

1. Brepiiie BcTaHOBJACHO €(PEKTHBHICT BHKOPHCTAHHS pscku L. minor mis
OUYMIIEHHS CTIYHMX BOJ IPOMHUCIOBUX INANpUEMCTB Bix ioHiB Fe** mo 90 % 3
OJlcp’KaHHAM KOHILeHTpauiii ®epyMmy B oummieHiii Bogi menme 0,3 mr/am3 mo

BIJINOBI/Ia€ HOPMAaTUBHUM BUMOTAM JI0 CKUy CTIYHUX BOJI Y MPUPOJIHI BOJONMHU.



2. Bhepiie BU3HAYEHO palliOHANBHI IApaMeTpH BHAaneHHs ioHiB Fe®* 3i
CTIYHHX BOJI 3a JjorioMororo L. minor: rpuBanicts 8+0,2 roj; muToMa 0iomaca psICKu
251 r/gM%, nMTOMEe HaBaHTaXeHHA Ha pPACKy 3a ioHamu Depymy
qe 0,24+0,05 mr/(r- 1o6a); muTOMa MIBUAKICTH BUAAJICHHS 10HIB DepyMy pSICKOBUMHU
p 0,20+0,05 mr/(r-go6a); moTyXHiCTh Ol0peakTopa 11010 BUaaeHHs 10HIB Depymy
Ire 5,0+0,3 mr/(nm® no6a). 3a Temnepatypu Boau 18-20 °C, ITy4HOr0 OCBIiTICHHS
npotsroM 12 rom Ha mo0y iHTeHcuBHICTIO 3000 1K 1 MOYaTKOBOI KOHIIEHTpAIIil
Depymy 2,0 mr/ame,

3. Brepiie BCTaHOBJICHO palliOHAIbHI MapaMeTpy JOOUMILIEHHS CTIYHUX BOJ
COJIOJJOBOTO  3aBOJY 3  BUKOPHCTaHHAM  OIOIEHO3Y  IMMOOUII30BaHUX
MIKpOOpTraHi3MiB Ta pSACKOBUX Bia 10HIB DepyMy Ta HITpaTiB 3a MOYATKOBOI
KOHIICHTpAIlii, BIMOBIIHO, 10 1,3 mr/mM° Ta 10 53 mr/mm®: TpuBaiicTs — 8+0,2 rox;
NUTOMa BeNWuYMHA Oiomacu psicku — 25+1 mr/am°, Giomacu iMMOOGiNI30BaHMX
Mikpooprasizmis — 2,0+0,1 mr/am®; IiIBHICTS BOIOKHUCTOrO HOCIA B GiopeakTopi
— 2,440,1 r/mM% crymine BuganeHHs ioHiB depyMy Ta HITpaTiB CTaHOBHIA,
BiAMOBiAHO, 110 40 % Ta 1o 53 % 3a TemnepaTtypu Boau 18-24 °C.

4. Bnepme s O10JOTIYHOTO OYHMIIEHHS CTIYHUX BOJ| BCTaHOBJIEHO
palioHAIBHUM PEXUM PpOOOTH CTPYMHUHHOTO aepatopa pOTOPHOTO THITY,
OCHAIIIEHOTO KUJIBIIEBOIO HACAIKOIO 3 epudepiiHUMH OTBOPAMH JiaMeTpoM 12 MM
3 KyTOBOK IIBHAKICTIO 38 ¢, mo 3a0e3medye 36iNbIICHHS CTYNEHS OYMILECHHS
ctiuaux Boj 3a XCK 10 40 %, arperaTuBHY CTIMKICTb TUIACTIBIIB 1 )KUTTE3IaTHICTh
MIKpPOOPraHi3MiB aKTUBHOTO MyJy, MyloBHH iHmekc 10 90 cM®r Ta 3HMmKEHHS
CHEPreTUYHUX BUTPAT.

MeToau Ta MeETOAUKH JOCHiAxKeHb. JlOCHIPKEHHS 3MIHM TIOKa3HUKIB
XIMIYHOTO CKJaay (KoHUeHTpailii 10HiB depymy, HITpATIB, HITPUTIB, aMOHIHHOTO
a3zoty, ¢ocdari, XCK, po3unHEHOT0 KHUCHIO) Ta (Hi3UKO-XIMIYHUX MapaMeTpiB
(BOIHEBHI TOKa3HWK, TEMIIEpaTypa) CTIYHUX BOJ BHU3HAYAIM METOJAMH
CHEKTPOCKOMIl, MOTEHLIOMETPii, TUTpyBaHHs. biomacy pscku, iIMMOOLTI30BaHUX

MIKpOOPTaHi3MiB, TOKAa3HUKM AaKTUBHOTO MYJy BH3HA4ajld 3a JOMOMOTOI0



IPaBIMETPUYHOTO  METONy, CKJIaJ MIKPOOPraHi3MiB — 3a  JIOIOMOTOIO
MIKpOCKOITYBaHHS.

IIpakTH4YHA HIHHICTH AUCEPTALIIHOI POOOTH MOJISITA€ Y HACTYITHOMY:

Po3pobneno koHCTpyKITio OiopeakTopa (MaTeHT YKpaiHu Ha KOPUCHY MOJIETh
No 136188), skuit 3a0e3neuye edeKTUBHE OUMINCHHS CTIYHMX BOJ BiJ 10HIB
Oepymy.

Po3pobnena 1 BmpoBa/keHa OIOTEXHOJIOTIS JOOYMINCHHS ~ CTIYHUX BOJI
COJIO/IOBOTO 3aBOJTY y O10peaKTopi 3 pICKOBUMH, IO 3a0e31euye BUIaJICHHS CIIOTYK
®depymy 1 HITpaTiB 1O HOPMAaTUBHUX BHUMOT. Po3poOrieHa TexHONOTiYHA Ta
armapaTypHa CXeMHU JOOYHIIEHHS CTIYHUX BoJl CIaByTCHKOTO COJIOIOBOTO 3aBOMY B
GiopeakTopi 3 psAckoBMMHM (aKT BIpoBamkeHHs). CobiBapTicTh noounieHHs 1 m°
CTIYHUX BOJ — 1,34 rpH.

Po3po0neHo TEeXHOJNOri0 KyJIbTUBYBAaHHS PSCKOBHUX, 1i amapaTypHy Ta
TEXHOJIOTIYHY CXeMH. Psicka BHKOPHUCTOBYETHCS MJIi OYMILIEHHA CTIYHUX BOJ.
KynpTuBYyBaHHS 3/11CHIOETBCS Ha cepenoBunll LlteiinOepra 3a Takux napameTpis:
Temriepatypa cepenoBuma 18-25°C; KOHIEHTpallisi PO3ZYMHEHOTO KHUCHIO
1,5-2,0 mr/mm°.

BcranoBneHo paifioHallbHE TUTOME HABAaHTAXXEHHS Ha PICKY 3a 10HaAMU
®epymy 0,2440,05 mr/(r-noba), muTomMa MBUAKICTH BUAaJeHHs 10HIB Depymy —
0,20+0,05  wmr/(r-mo6a), mTOTYXHICT,  OiopeakTopa  [IOJ0  BUIAJCHHS
5,0+0,3 wmr/(am3-mo6a), sSKi  IO3BOJNAIOTH  PO3pAXyBaTH  TEXHOJOTIUHI i
KOHCTPYKTHBHI IapaMeTpu O10peakTopa AJis pi3HUX BUTPAT CTIYHUX BOJ 1 BUX1THUX
KOoHIIeHTpaIliii 10H1B Depymy.

Pe3ynbpTaTi HOCTIIKEHDb BIPOBAKEHO B HaBUAJILHUN MPOLIEC JJIsS CTY/ACHTIB
cnemianbHocTi 162 «bioTexHosorii Ta  OlOIHXKEHEpis» B  JUCHUILIIHAX
«bioTexHoM0r1T OunIeHHs BOaN» Ta «EK0O10TeXHOIOT 1.

B mepmomy po3auni NpUBENEHO AaHANITHYHUANA OTJISAN JITEpATypHu MO0
TEXHOJIOT1H BUJIYUYCHHS 10HIB BXXKUX MeTaliB, 30kpeMa depymy. [IpoananizoBaHo
Gb13uKO-XiMiUHI Ta OI10JIOTIYHI METONU OYHUIIeHHS. BCTaHOBIIEHO €(EKTHBHICTH

BUKOPHUCTAHHS PSACKOBUX Il BujajieHHs 10HIB depymy. B npyromy poszaiii
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BUKJIQZICHO METOAM Ta METOAMKM aHaii3y, HaBEJCHO OMHC EKCIEPUMEHTATbHHUX
YCTaHOBOK, Ha SIKUX MPOBEJICHO TOCIIKEHHS. Y TPEThOMY PO3/ILJIi HaBEJICHO OIUC
O10JIOTIYHOTO areHTy Ta HOro BIJIACTUBOCTEW, TMPHUBOIATHCA TEOPETHUYHI
JOCTI/PKEHHST MEXaHI3MIB BHUJIYYEHHS 10HIB B&XKHUX METaliB KJIITHUHAMU
010JIOTIYHOTO areHTy Ta iX MOJAJbIIMKA META0OJIYHMM IUISX, BIUIMB SIKICHOTO
CKJIaJly 1 mapamMeTpiB BOJU Ha e(PEKTUBHICTD IMepediry mpolecy TpaHCIOPTY 10HIB
depyMy y KIITHHH POCITUH PSACKH. Y YETBEPTOMY PO3IiTl HABEIECHO PE3YyIbTaTH
7a00paTOpHUX JOCHIKEHb MI0JI0 BHIAJCHHS 10HIB DepyMy 3 MOJEIBHOTO
pO3urHy, €PEeKTUBHOCTI Iepediry Mpolecy 3 ypaxyBaHHIM BIUIMBY TaKUX (PaKTOpIB,
K TeMmrepaTtypa, pH, BuxigHa KoHueHTpauid 1oHiB Pepymy, nuroma Oiomaca
PSCKOBHUX Ta HABEACHO PE3yJIbTaTU MEPEBIPKH Ha CTIYHMX Bogax [TOHIHKIBCHKOi
KapTOHHO-ManepoBoi (adpuku. B m’sTomMy po3aulli HaBEAEHO pe3yJbTaTH
JOCITIJIKEHb Y HAIlIBBUPOOHUYMX yMOBaxX Ha 0a3i ourcHUX criopysa ClaByTChKOTO
COJIO/IOBOTO 3aBOJTY (2KT MPOMUCIIOBUX BUIIPOOYBaHb). Y IMIOCTOMY PO3/ILJIi MOJaHO
pO3p0o0JIeHI TEXHOJIOTIYHY Ta amapaTypHy CXeMH O10TEeXHOJIOTIi JTOOYMIICHHS
cTiyHuX BoJa CIIaByTCHKOT'O COJIOJIOBOTO 3aBOJY Bijl 10HIB DdepyMy 3a JOMOMOTOIO
PSCKOBUX, BIPOBAJKEHOI HA MIAMPUEMCTBI (aKT BIPOBA/KEHHSI), Ta HABEJECHO ii
TEXHIKO-€KOHOMIYH1 MOKa3HUKH.

Ocobuctuii BHecok aucepranta. [lucepraiiiiHa poOoTa BHUKOHaHA Ha
Kadeapi ekoOioTexHonorii Ta OioeHepreTHku (aKkyJabTeTy OIOTEXHOJOrl Ta
Oiloimkenepli HarloHambHOTO TEXHIYHOTO YHIBepcuTeTy YKpainu «KuiBchkuii
NoJITeXHIYHUM IHCTUTYT iMeH1 [ropst Cikopcekoro» Ta Ha 6a3i [IAT «CrnaByTcbkuii
cojiofoBuil 3aBoA». IlnanyBaHHS AOCHIIPKEHb Ta OOTrOBOPEHHSI pE3yJIbTATIB
MIPOBOJIUIIM CIIJIBHO 3 HAYKOBUM KEPIBHUKOM JI.T.H., ipod. Cabdmiii JI.A. Ocobuctuit
BHECOK JIUCEPTAHTA MOJSATaE y MPOBEICHHI JOCTIKEHb 010J0T1YHOTO OYMIICHHS
CTIYHUX BOA BiJ 10HIB depyMy 3a AOMOMOror0 PsICKOBUX; BCTAHOBJICHHI BIUIUBY
PEXKUMIB MIEPEMIINTYBaHHS B PI3HUX KOHCTPYKI[ISX aepariiiHO-pOTOPHOI YCTAaHOBKH
Ha CTaH AaKTUBHOIO MyJy; MIATOTOBII 10 myOxdikamiii crared Ta ampooOarlii
OTPUMAHUX EKCIIEPUMEHTAIBHUX JAaHWX; pO3po0Ili 1 BIPOBAKEHHI O10TEXHOJIOT11

OUMUIIICHHS CTIYHUX BOJ BiJ 10HIB Depymy.
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3a Temoro nuceprarii omyOIiKoBaHO 28 HAYKOBUX Mpallb, B TOMYy uucii: 13
HAyKOBUX CTaTel, 3 skux 11 omyOJnikoBaHI B yKpaiHCHKHX HAayKOBUX BUIAHHSIX
VYKkpainu 3 TeXHIYHUX HayK, | CTaTTs y MEpiOAUYHOMY HAyKOBOMY (haxOBOMY
BUJIaHHI JIEP’KaBH, siKa BXOAUTh 10 OpraHizaiii eKOHOMIYHOTO CITIBPOOITHUIITBA Ta
po3BUTKY Ta €Bponeiicbkoro Corosy (Yropmuna), 1 — B iHIIMX BUJAHHAX; | TaTeHT
VYkpainu Ha KOpUCHY Mojenb; 14 Te3 [OmoBiJed Ha BCEyKpPaiHCBKHX Ta
MDKHApOIHUX KOH(EPEHITISX.

Kaw4oBi ciaoBa: criuni Boaw, ioHu Depymy, pscka, O10TEXHOJIOTIS,
OUUIIECHHS, KYyJbTUBYBaHHsI, COJIOJOBHM 3aBOJI, KapTOHHO-TIamepoBa (dadpuka,

OiopeakTop, O10oMaca, co01BapTICTh

SUMMARY

Korenchuk M. Increase of the efficiency of biological wastewater treatment
with removal of iron ions. — Qualifying scientific work, the manuscript.

PhD thesis in the field of knowledge 16 Chemichal technology and
bioingeniring in specialty 116 Biotechnology and bioingeniring. — National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
2020.

In recent decades, surface and groundwater quality has deteriorated in Ukraine.
This environmentally hazardous phenomenon is caused by the discharge of
insufficiently treated wastewater, and contamination of surface water with organic
substances, heavy metals, compounds of nitrogen, phosphorus, despite the
availability of state and local standards for the regulation of maximum permissible
concentrations pollutants in natural waterbodies for different water utilization and
the rules for the acceptance of industrial wastewater into municipal and departmental
sewage systems [1]. The reasons for this condition are the insufficient degree of
purification on the existing wastewater treatment plants due to their deterioration,

the use of old inefficient technologies.



The activities of industrial enterprises, in particular malt plants, cardboard and
paper mills, include technological processes of washing and processing of raw
materials, which result in wastewater containing suspended solids, dissolved organic
compounds, heavy metal ions, in particular ferum, compounds of nitrogen and
phosphorus, et cetera, above concentrations and therefore need to be properly
cleaned before being discharged into the natural waterbodies.

Among the technologies of wastewater treatment from ferric ions are widely
used technologies of physico-chemical treatment using the following methods:
chemical deposition; coagulation and flotation. These methods of watertreatment
from ferum compounds are costly and are accompanied by the formation of large
volumes of moisture-intensive sediments that require disposal. Sorption, ion
exchange methods require the use of sorbent and ionite regeneration processes, and
the electrochemical methods are energy-intensive, resulting in the formation of toxic
reduction products in wastewater.

Water macrophytes are considered the promising biological objects for the
treatment of wastewater from heavy metal ions, in particular ferum, nitrates and
phosphates, because of their high ability to remove these contaminants. The most
promising aquatic macrophyte is the plant Lemna minor, which can effectively
remove ferum ions from water, is resistant to temperatures below 10 ° C and is a
free-floating plant with one of the fastest growth rates with a doubling time every 5-
6 days.

Significant contribution to the field of watertreatment from heavy metal ions
has been made by such foreign scientists: Brugemann V., Appenroth K., Kobayashi
T., Marschner H., Nishizawa N. and domestic scientists I. Astrelin, A. Zapolsky. V.
Maksin, L. Sabliy, V. Khoruzhiy. The questions of Lemna minor efficiency for
wastewater treatment of ferric ions remain unresolved in such points: the influence
of the specific biomass of duckweed, the duration, the initial concentration of ferric
ions on the efficiency of removal of ferric ions from wastewater.

The aim of the thesis is to improve the wastewater treatment biotechnology

with usage of Lemna minor to increase the efficiency of ferric ion removal.
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Scientific novelty.

1. For the first time, the efficiency of using L. minor duckweed for industrial
wastewater treatment from Fe* ions up to 90% as obtained with iron concentrations
in treated water less than 0.3 mg/dm?, which meets the regulatory requirements for
wastewater discharge into natural reservoirs.

2. For the first time, the rational parameters for the removal of Fe®* ions from
wastewater using L. minor were determined: duration 8+0.2 h; specific duckweed
biomass 25+1 g/dm?; load on duckweed for iron ions 0.30 = 0.05 mg/(g - day);
specific rate of extraction of iron ions by duckweed 0.25 = 0.05 mg/(g - day); at a
water temperature of 18-20 © C, artificial lighting for 12 hours a day with an intensity
of 3000 lux and an initial iron concentration of 2.0 mg/dm?,

3. For the first time rational parameters of malt plant wastewater treatment was
established using biocenosis of immobilized microorganisms and duckweed from
iron ions and nitrates at the initial concentration, respectively, up to 1.3 mg/dm? and
up to 53 mg/dm?®: duration — 8 £ 0.2 hour; the specific value of duckweed biomass -
25+1 mg/dm?3, biomass of immobilized microorganisms — 2.0 + 0.1 mg/dm?3; the
density of the fibrous carrier in the bioreactor is 2.4 + 0.1 g/dm?®; the degree of
removal of iron ions and nitrates was, respectively, up to 40% and up to 53% at a
water temperature of 18-24 ° C.

4. For the first time for biological wastewater treatment a rational mode of
operation of a jet aerator of rotor type equipped with a ring nozzle with peripheral
holes with a diameter of 12 mm with an angular velocity of 38 s, aeration intensity
of 12-14 m?/(m? - h) is established. Degree of wastewater treatment by COD up to
40%, aggregative resistance of flakes and viability of activated sludge
microorganisms, sludge index up to 90 cm?®/g and reduction of energy costs.

Research methods and techniques. The study of the chemical composition
(concentration of ferric ions, nitrates, nitrites, ammonium nitrogen, phosphates,

HCC, dissolved oxygen) and physicochemical parameters (hydrogen index,
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temperature) of wastewater was determined by spectroscopy, potentiometry,
titration. The study of duckweed growth was determined by gravimetric method,
microscopy. Changes in the parameters of activated sludge (activated sludge index,
mixed liquor suspended solids, qualitative evaluation) were investigated by
gravimetric method and microscopy.

The practical value of a thesus is as follows:

The design of the bioreactor has been developed (patent of Ukraine for utility
model No. 136188), which ensures efficient sewage treatment of ferric ions.

The wastewater treatment plant biotechnology in the bioreactor with the
duckweed was developed and implemented, which ensures the removal of iron and
nitrate compounds as per the regulatory requirements. The technological and
instrumental schemes of sewage treatment of Slavuta Malt House in the bioreactor
with duckweed have been developed (the act of introduction). Cost of wastewater
treatment — 1,34 UAH/m®,

The duckweed cultivation technology, its equipment and technological scheme
are developed. The technology is used for wastewater treatment. Cultivation
parameters were established: medium temperature 18-25 ° C, Steinberg medium,
dissolved oxygen concentration 1.5-2.0 mg/dm?.

Testing showed that when the load on the duckweed in the bioreactor for ferric
ions 0.30 mg/(g-dm?®) the concentration of ferum in treated wastewater reached 0.8
mg/dm?3, which meets the regulatory requirements. The developed biotechnology is
implemented at the treatment plants of the Slavuta Malt House, which is confirmed
by the act of introduction.

Personal contribution of the Ph.D. student. The dissertation was performed
at the Department of Ecobiotechnology and Bioenergy of the Faculty of
Biotechnology and Bioingeniring of the National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute” and on the basis of PJSC "Slavuta Malt
House". Research planning and discussion of the results was carried out jointly with
the supervisor. The personal contribution of the dissertation is to conduct research

on the biological treatment of wastewater from iron ions with duckweed; research
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on the influence of mixing modes of different constractions of aeration-rotor
installation on the state of activated sludge; preparation for publication of articles
and approbation of the obtained experimental data; development and
implementation of biotechnology for wastewater treatment from iron ions.

The first chapter of thesis provides an analytical review of the literature on
technologies for the extraction of heavy metal ions, in particular iron.
Physicochemical and biological purification methods are analyzed. The efficiency
of the use of duckweed for removal of iron ions has been established. The second
chapter describes the methods of analysis, and describes the experimental
instalations on which the research was conducted. The third chapter describes the
biological agent and its properties, provides theoretical studies of the mechanisms
of heavy metal ions extraction by biological agent cells and their subsequent
metabolic pathway, the influence of qualitative composition and water parameters
on the efficiency of the iron ion transport process in duckweed cells. The fourth
chapter presents the results of laboratory studies of the iron ions removal from the
model wastewater, the efficiency of the process taking into account the influence of
factors such as temperature, pH, the initial concentration of ferric ions, specific
biomass of duckweed and sewage control Poninka Paper Mill factrory. Chapter 5
presents the results of the semi-production research on the basis of the treatment
plants of the Slavutf Malt House (industrial testing act). In the sixth chapter,
technological and instrumental schemes of wastewater treatment biotechnology of
Slavuta Malt House from iron ions by duckweed (introduction act) are developed
and technical and economic indicators are given.

Publications. 28 scientific papers have been published on the topic of the
dissertation, including 13 scientific articles, 11 of which have been published in
Ukrainian scientific publications of Ukraine on technical sciences, 1 article in
scientific journal registered in country-member of Organisation for Economic Co-
operation and Development (Hungary); 1 - in other publications; 1 patent of Ukraine

for a utility model; 14 abstracts of reports at national and international conferences.
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