MIHICTEPCTBO OCBITH I HAYKU YKPAIHU
OAECBKHNU AEP)KABHNUN EKOJIOITYHMU YHIBEPCUTET

KBanigikariiiHa HayKoBa mpars
Ha MpaBax PyKOMUCY

MUXAWJEHKO BJIAJITMCJIAB IBAHOBUY

VJIK 504.5:661.7]:502.175](477.74)(043.5)

JAUCEPTANIA
OCOBJINBOCTI 3ABPYJHEHHS JOBKIJIJISA
OJECBHKOI MIPOMHUCJIOBO-MICBKOI ATJIOMEPAIIII
CTIMKUMHA OPTAHIYHUMU IMOJIOTAHTAMUA
CroemianpHicTh 101 — Exosorig
JucepTaritis Ha 3100yTTS HAYKOBOTO CTyIEHs JoKTopa (itocodii
Jucepraiiist MICTUTh Pe3yJIbTaTH BIACHUX JOCIIHKeHb. BUKOpucTaHHS i1eH,

pPe3yIbTaTIB 1 TEKCTIB IHIIUX aBTOPIB MAalOTh IMOCHJIAHHS HA BIJMOBIIHE HKEPEIIO

B.1. MuxaitieHko

HaykoBuii kepiBauk: CadpanoB Tamepnan AOicamoBud, JOKTOpP Te0JIOTO-

MIHEpaJIOT1YHUX HaYK, TIpodecop

Oneca — 2022



AHOTALIS

Muxaiinenko  B.I.  OcobauBocti  3a0pynHeHHss  goBkumiss — Ojpechkoi
MIPOMHUCIIOBO-MICBKOI arjiomeparii CTIHKMMH OpraHiyHUMHU MOJIIOTAHTAMH. -
Kranidikamiitna HaykoBa mparisi Ha IpaBax PyKOIHCY.

Huceptanis Ha 37400yTTS HAyKOBOTO CTyIHeHs JokTopa ¢iutocodii 3a
cnemianbHicTiIO 101 «Exonorisi». — Opjechkuil  JepKaBHUM  €KOJIOTTYHHMA

yniBepcuter MOH VYkpainu, m. Oneca, 2022.

Hucepraniitna po0OoTa mnpuCBIYeHA MpoOsieMi 3a0pyIHEHHS JOBKLLIS
Opecbk0oi  MPOMMCIOBO-MICBKOI  arjomepaiiii  CTIHKMMH ~ OpraHiYHUMU
nomotantamu.  Criiiki  opraniuni  nomotantd  (COIl) €  rnoGambHUMH
CYIepEKOTOKCUKAaHTaMH, SKi € CTIMKHMH Yy HaBKOJHIIHBOMY CEpPEIOBHIII,
BOJIOJIIFOTh  3JIaTHICTIO O OIOKyMyJSIIii Ta TpPaHCTPAHUYHOTO IIEPEHOCY,
HaJ3BUYAITHO TOKCHYHI Ta HEOE3MeuH1 y Oy ab-sAKiil KOHIIEHTpaIlii 4epe3 BiACYTHICTh
HUKHBOI MEX1 iX BIIMBY. 3a MacimTabamMu Ta HacHigKaMd BIUIMBY TPOOJIeMy
3a0pyaHenHs noBkULIE COIl nmpupiBHIOIOTH 10 MpoOJIeMH TIIOO0ATBHOI 3MIHU
kiaimaty. COIl moninsitoThest Ha 2 TPYIU: YTBOPEH1 HABMUCHO (30KpeEMa, XJIOPBMICHI
NECTUIIUIN) Ta HEHABMHUCHO (HAINPUKIIAJ, MOJIXJIOPOBaH1 AUOCH30-TI-AI0KCHHH Ta
muoenzodypann). Ilepma rpyma COII 3a6opoHeHa 10 BUPOOHMIITBA, aje y CBITI
HaKOIMMYCHO 3HA4YHI 0OCATH IMX PEYOBHH, SKI a00 3HAXOMSATHCSA B CKCIUTyaTallii B
SIEKTpUYHOMY 00JIaJHaHH1 (30KpeMa, y TpaHcpopMaTopax Ta KOHAEHCATOpax), abo
30epiraloThCsl Ha CKJIQJax SK HENMPHUAATHI JJISI BUKOPUCTAHHS TECTHIIMIH, IO
MOTPeOYIOTh CIEIiaJbHUX 3aXOJdIiB MO0 iX E€KOJOTiyHO Oe3MeYHOTo 3HHUIICHHS
3r1iaHO 10 BUMOT CTOKI0JIbMCHKOT KOHBEHIII].

HenaBmucuo ytBopeni COII, Ha BigMIHY BiJ YTBOPEHHX HABMHCHO
PI3HOBHIIIB, TEHEPYIOThCS 1 Joci, a iX HAAXOMKEHHS y JOBKULISI €
HEKOHTPOJIHOBAHUM Ta PO30CEPEIIKEHUM, 110 3yMOBIIIOE 3HAYHO BUIIlY BIPOT1AHICTD

HaJIXOKEHHSI IIMX PEYOBHUH y BC1 CKJIAJI0B1 JOBKULIS Ta OPTraHi3M JIIOIUHHU.



OCHOBHMMHU JIKepellaMU 3a0pYyJTHEHHS JIOBKUUISI HEHABMUCHO YTBOPEHUMU
COII € Micbki ariaoMmeparlii uepe3 po3BUHYTUN POMUCIOBUI KOMIUJIEKC Ta 3HAYHI1
Maciitadu yTBopeHHs TBepaux noOyroBux BinxoaiB (TIIB). Takox came y Hux
30Cepe/I’KeHa OCHOBHA KUIBKICTh TpaHC(OPMATOPIB Ta KOHAEHCATOPIB, SIKI MICTATh
y co01 3HauHy KUIbKicTh HaBMHUCHO yTBopeHux COIl. Buxoasuu 3 1boro, MemkKkaHI
npomuciaoBo-micbkux arjomepanid (IIMA) 3HaxoasiTbest y Tpymi MiABUIIEHOTO
pusuky TokcuuHoro BBy COII, mo o0yMOBIHO€ HEOOXIAHICTH 3BEPHEHHS
MJBUILEHOT yBaru 10 mpooiaeMu 3a0pyaHeHHs 1oBkuuis [IMA.

VYkpaina € ofiHi€ro 31 cTopiH CTOKroJbMCBhKOI KOHBEHIIIT, 3T'1/IHO 3 SIKOIO BOHA
Mae mepenik 3000B’s13aHb y cdepi MoHiTopunry COIl Ta moBOMKEHHS 3 HUMH.
Bukonanasa mux 3000B’s13aHb € OHICIO 13 BaXKJIMBUX CKJIAJOBUX BIIIIOBIIHOCTI
CKOJIOTIYHOT'0 3aKOHOJABCTBA Ta €KOJIOTIYHOI Oe3mekn YKpaiHu HOpMam
€BPOIEHCHKOT0 3aKOHOJIAaBCTBA Ta, SIK HACIIJOK, YCHIIIHOI 1HTerpamii YKpaiHu y
€poreiicbknii coro3. Lle 00yMoBIII0E HEOOX1THICTh 3BEPHEHHS MABUIIIEHOT YBaru
1o 3a0pynneHHs 1oBkunia COIl B MickKUX arjioMepanisx YKpaiHu, OJHIE0 3 SIKUX
€ OnmecbKka MPOMHUCTIOBO-MIChKa arjioMepariis, sika € He TUIbKH BaXXJIMBUM 00’ €KTOM
3 TOYKH 30pYy MPOMHUCIOBOTO KOMIUIEKCY, alle ¥ y peKpealiiHO-TypUCTUIHOMY
aCTEKTI.

VY poboTi BUKOpPUCTaHI CydacHi €BPOIEUCHKI METOJIMKH 3 IHBEHTapH3allii
BukuAiB Ta mkepen rerepainii COIl, 3okpema EMEP/EEA Air pollutant emission
inventory guidebook. Technical guidance to prepare national emission inventories
(2019) Ta Toolkit for Identification and Quantification of Releases of Dioxins,
Furans and Other Unintentional POPs. UNEP (2013). Kpim Toro, Ha OCHOBI JaHUX
METOJMK PO3POOJICHO BIOCKOHAICHY METOJIUKY JUISl PO3PaXyHKYy HAKOMUYCHHS
COII 3 BpaxyBaHHAM X KyMYJSITUBHOTO €()EKTy Ta TIEpioly HAMMIBPO3MaIy.

B xoxmi poGotm BuKOHAHO aHami3 jkepen Ta oOcsriB yrBopenas COII-
BMICHHX BIJIXOJiB, SIKI MICTATHCS HAa TEPUTOPii Ta akBaTOpii, MO0 MPUIETIi IO
Opnecbkoi [IMA, Ha OCHOBI JOCTYMHUX CTaTUCTUYHHUX Ta €KCIEPUMEHTATbHUX

nanux. BinnmoBimHi yacTuHU OJIECHKOTO PETriOHY MNPOPAH)KOBAHO 3 TOUYKH 30pPY



MPIOPUTETHOCTI TMPOBEACHHS 3axoliB moa0 3HemkomxkeHHs COII-BmicHuX
BIIXO/IIB.

Jns Opecbkoi [IMA, 3 BpaxyBaHHSIM 1i HOBUX MEX 3TiTHO JO BHUMOT
Cy4yaCHOTO 3aKOHOJAaBCTBA, BCTAHOBJICHO OCHOBHI JDKEpela HEHaBMHCHOTO
yrBopeHHs COII, myg 4oro BHUKOPUCTAaHO ICHYIOUl €BPOIEHUCHhKI METOIUKU.
Busznaueno o0csiru yrBopeHHst COIl, a Takoxx oOcsru iX HAaKOMUWYEHHS Y TIOBKUUTI
Onecbkoi IIMA 3 BHUKOPHUCTaHHSM BJOCKOHAJICHOI AaBTOPaMHM METOJUKHU
pPO3paxyHKy YTBOPCHHS CTIMKHUX OpraHIYHUX IIOJIFOTAHTIB 3 BpaxXyBaHHAM iX
KyMyJIATUBHOTO e(exTy Ta mepioay HamiBposnany. I[IpopaH:koBaHO Bci Jkepena
HeHaBMUCHOTO yTBOpeHHs1 COII, Bu3HaYeHO NMPIOPUTETHI 3 TOUYKHU 30pY €KOJIOTTYHOT
Oe3MeKHu.

Beryn BKITOUae B ceOe aKTyalbHICTh TEMU JAMCEPTAIliiHOT pOOOTH, HAYKOBY
HOBHU3HY 1 MPAKTUYHY LIHHICTh OJEPKAaHUX pe3ynbTariB. OTpuUMaH1 pe3ysbTaTu €
HEOOXIJTHOI CKJIaJIoBOIO0 jepkaBHOTO MoHITopuHTY COII, HeoOXimHoro s
BUKOHAaHHA CTOKroJbMCHKOi KOHBEHIII. BiAMOBIAHO A0 MOCTaBieHOiI MeTH Oyiu
BH3HAYCHI OCHOBHI 3aBJIaHHS POOOTH, a TAKOXK 00’ €KT Ta MPEAMET JOCITIKEHHS. Y
BCTYIII TIPEACTaBJICHO OCOOMCTHI BHECOK 3700yBaua, ampooOarriss 1 ImyOJikariis
pe3yIbTaTIB AUCEPTAIlii Ta CTPYKTypa 1 00car poOOTH.

Iepmmii po3ain npucesiueHo 3aranpHii xapakrepuctuili COIl, ix BBy Ha
CTaH JIOBKLUIS Ta 370pOB’s IIOAWHU. BUSABIEHO JMEAKl TEPMIHOJOT1YHI HETOYHOCTI,
0 PO3MOBCIOKEHI Y BITYM3HAHMX HAYKOBHX JDKepelax 1 HOPMAaTUBHO-
3aKoHOJaBYMX NokymMeHTax 3 mpobiematuku COII. Omnumcano ¢i3uko-XiMiuHI Ta
€KOJIOT0-TOKCUKOJIOT14H1 BiacTuBOCTI ocHOBHUX COII, Takux K MOIIXJIOpOBaHI
nubeH3o-m-aiokcuan Ta audenzodypann (IIX/D), momixmopoBani OideHinn
(ITXB) Ta rexcaxmopoenson (I'’XB). Ha ocHOBI cydacHUX MOCHTIKEHD y3araibHEHO
iHpopMmamiro moao BmuBy COIl Ha 340pOB’S JIFOJWHHU, OCHOBHHMX IIIAXIB iX
HAJXO/)KCHHSI y OpPraHi3Mu JI0JIel, OmUcaHo CHerudiky iX pO3MOBCIOKEHHS Y
JNOBKULII B TiobansHOMYy po3pizi. Cyuachi gocnimkenHs COIl maroTh 3HauHY
noka3oBy 0a3y y cdepi BrummBy COII Ha oprani3Mm JIIOJUHH, caMe TOMY HEOOX1THO

PO3MKUPHOBATH ,Z[OCJ'IiI[)KeHHH OUX PCYOBHUH AJIs1 BU3HAYCHHA [UISIX1B BIIMBY Ha



3I0POB’Sl HACEJICHHS Ta MOro MOMEpPE/KEHHS IUIIXOM CTBOPEHHS TI100aIbHOL
cuctemu MoHITopuHry COII, BaXJIMBOIO CKJIaJ0BOI0 SIKOi € SKICHA CHUCTEMa
MoHiTopunry COII B YkpaiHi.

B apyromy posaini npeacraBineHno ananiz mxepen ta oocsarie COII-BmicHuX
B1/IXO/1B, HAKOIIUYECHUX HA TEPUTOPISX, Mpuieriux a0 Oaecbkoi 00J1acTi HA OCHOBI
JOCTYITHUX CTATUCTUYHUX JJaHUX. BUsiBIeHO, 1110 ICHYI0UO1 B Y KpaiHi HOpMaTHBHO-
3aKOHOJIaBYOi Ta METOJMYHOI 0a3W HEJOCTaTHBO IS €(PEKTUBHOTO BUKOHAHHSI
BUMOT CTOKTrOJIbMCBKO1 KOHBeHIIii. [IporpaMa mo/10 3HEMKOHKEHHS HEMPHIATHUX
NEeCTULIUIIB, K1 BigHOCAThCS 10 Kiacy COIL, B Oneckkiit 06s1acti He Oyia BUKOHaAHA
y oBHiM Mipi. HaliGinbma nutroma maca HenpugatHux COII-BMiCHUX TTECTUINIIB
npunanae Ha sxureniB CaspaHcbkoro (2,660 kr/monuny), binsiBcbkoro (2,47
kr/moauny), Koaumcekoro (2,082 xr/mioguny) Tta JlwoGamiscekoro (1,197
KI/TIOJIUHY) PaioHIB, SKI MalTh CTAaTH MPIOPUTETHUMU IIiJI 4YaC BUKOHAHHS
nporpamu 1o  3HemkokeHHI0  COIl-BmicHux mnectunmnaiB. Ha  ocHoBI
EKCIIEpUMEHTATBHUX JaHUX YKPaiHCHKOTO HAayKOBOTO IIEHTPY €KOJOTii MOops
BCTAaHOBJIEHO ocoOimBocTi 3a0pynHenns neskumu COIl mopcbkoro cepenoBuiia
MiBHIYHO-3aX1HOT YacTUHU YOpHOTO0 MOps, 30KpeMa OIIHEHO €KOJIOTIYHUN CTaH
MOPCBHKOi BOAHM, MOPCHKOi 0i0THM Ta JOHHUX BimkianiB. CTaH MOPCHKOI BOJU Y
OUTBIIOCTI BUMAMIKIB KIACU(IKYEThCA SIK «J1y’ke A00puit». CTaH MOpchbKoi 610TH, B
OCHOBHOMY, BIIMOBIAa€ KJ1acaM SKOCTI «100puii» Ta «ayxe n1oopuii». CTaH TOHHUX
BIIKJTQTIB y OUTBIIIOCTI BUTIAJKIB KIACH(IKYETHCS K «3aJ0BUIBHHI Ta «ITOTaHUN,
0 CBITYUTH MPO T€, M0 MOPCHKE CEPEIOBUINE 3aBAABANOCA JOBrOTPHUBAIOMY
perymsipaomy 3abpynHenHro [IXb Ta I'Xb, ski iMmoOuTi3yBaquch y JOHHHX
BIIKJIAgax 1 3a BIANOBIAHUX TNPHUPOJAHUX YMOB MOXYTh CTaTH JDHKEPEIOM
BTOPHHHOTO 3a0pyAHEHHS MOPCHKOI BOJU Ta O10TH.

Y TperboMy PpoO3aiJii TpencTaBIeHO OOTPYHTYBaHHS MIIXOJIB JO OIIHKH
oOcsriB renepanii HeHaBmucHO yrBopeHux COIl, 30kpema — mis Onecbkoi [IMA.
HasBHi eBponeiicbKi METOAUKH PO3PAXyHKY JO3BOJISIIOTH BPAXOBYBATH JIUIIIE PIYHY
macy yrtBopeHHa COIIL.  3amponoHoBaHa HaMuM METOAMKA  PO3PAXYHKY

HeHaBMucHOro ytBopeHHs COII 3 BpaxyBaHHSIM iX KyMYJSITUBHOIO €(eKTy Ta



MepioAy HaIiBPO3May 1I03BOJISIE BpAXOBYBAaTH HE JIUIIE PIYHI MacH, a 1 HAKOMUYEH1
3a BU3HaueHUN mnepion 4vacy. Jlanuwil miaxig Oyno MOKIaJA€HO B OCHOBY IS
pO3pOOJIEHHST MOOUIBHOIO 3aCTOCYHKY IHOJO AaBTOMATHU30BAaHOTO PO3PAXYHKY
piudoro yrBopeHHs COII Ta iX yTBOpeHHsS 1 HaKONMMWYeHHS B JOBKULII OpechKoi
[IMA 3 BpaxyBaHHSIM KyMYJSITUBHOTO €(eKTy Ta MepioAy HamiBpo3mamy, ILIO
BiJIMOBIA€e momiTuill uudpoBoi Tpanchopmanii Ykpainu. Ha ocHOBI pe3ynbTariB
JaHOTO po3Autly o(opmieHO 2 aBTOPCHKHUX CBIJOLITBA HAa TBIp HAYKOBO-
NPAKTUYHOTO XapaKTepy.

VY 4yerBepTOMY PO3AiJi MpeacTaBiIeHO 0COOIUBOCTI 3a0pyTHEHHS JTOBKULISA
Onecbkoi [IMA nenaBmucHo ytBopeHuMu COII. 3okpema, BU3HAYEHO OCHOBHI
moxepena HeHaBMucHOTO yTBOpeHHs COIl B Opecwkiit [IMA Tta o0caru ix
YTBOpPEHHA B AaHuX jkepen. Jns okpemux mxepen BuzHaueHo BHecok COIIl y
TOKCUYHICTh BHUKHJIB TIO BIJHOIICHHIO JO IHIIUX 3a0pYyJHIOIOYUX PEUYOBHH.
Hanxomxennst COIl y 10BKUUIS BU3HAUEHO 32 HaNpsiMKaMmu (aTMocdepHe TOBITpS,
IPYHTOBUI MOKPUB Ta BOJHE CEPEIOBUIIE), IO JO3BOJIE BUSHAYUTH MPIOPUTETHE
OPUPOJHE CEpPEAOBHINE, IO 3a3HA€E HAWOUIBIIOrO BIUIMBY Bl HEHaBMHUCHO
yrBopeHux COII. Buznaueno piuni o6csaru yrsopensst COII Bix BCiX BCTaHOBICHUX
moxepen. Oaunuiero BUMipy KyMyssiTuBHOT TokcuuHOCcTi COII € TokcuKoIoraHui
exBiBaiieHT (TE) — BenuuunHa, sxa BUpaxae KyMyJISTUBHY TOKCUYHICTH CKIIQTHUX
cymimen [IXJ[JI/® gepe3 Tokcuunicts 2,3,7,8-TX1J1. BinmoBigHi 3abpyaHtoBadi
MIPOPAHKOBAHO 32 BEIMYMHOIO PIYHUX BUKHIIB, 30KpeMa: BIAKPUTE CKIIATyBaHHS
TIIB (34.05 r TE, 93.15%); ckun ctiuaux Bofx (2.05 v TE, 5.61%); cnamtoBanHs
opra"iunoro manuBa nepecyBaumu mxepenamu (0.315 r TE, 0.86%); BupoOHUIITBO
acdansty (0.101 r TE, 0.28%); cnanoBaHHS OpraHIYHOTO MAJIMBa CTAllIOHAPHUMHU
mxepenamu (0.038 r TE, 0.10%); mnamiaas TtioTiony (0.0002 r TE, <0.1%);
kpemaropii (0.0001 r TE; < 0.1%). Cymapue piuae npoaykyBanus COII ckmano
6.2 v IIXB, 0.72 r I'Xb, 36.57 r TE IIXJ/I/®. Tak K OCHOBHHM JKEPEIIOM
HeHaBmucHoro yTBopeHHst COII B Ogeckkiit [IMA € Bigkpure cknanyBanns TIIB,
ocHOBHUM HamnpsiMkoMm HaaxomxkeHHs COIl y poskumss Opecbkoi TIMA €

I'PYHTOBUH MOKPUB, 110 BU3HAYAE IPIOPUTETHICTH BUPIIIEHHS MTUTAHHS €KOJIOTTYHO-



oesneyHoro mnoBomxkeHHs 3 TIIB. Takox BIIIMB Ha TIPYHTOBUW IOKPUB
3MIMCHIOETHCS Bl CKJIAAyBaHHS Ha MYJIOBUX IUIOMIAJKAX BIAMPaAIbOBAHOTO
AKTUBHOI'O MYJy, SIKMI YTBOPIOETHCS Ha CTaHILIsAX OlojoriyHoro ounineHHs (CHO)
ctiuaux Boj (CB) Opecbkoi [IMA. Mopchbke cepelloBUILE € IPYTUM 3a Macoro
HeHaBMHCHO yTBOpeHux COII, sKi moTpamisiioTh y HbOro, 0 3a0€3MedyeEThCs
CKHJIAaHHSIM Y MOPCBKE CepeaoBHIle ouuileHnx Ta HeouunieHux CB. Hagith
BPaxOBYIOUH T€, 1110 HAWOLIbIA KUTBKICTh JHKEPEIT 311MCHIOE BIUIMB Ha aTMOC(hEepHE
HOBITPsI, HA 1€l HAaPSIMOK Mpunanae npuonau3Ho 1% BCiX HEHABMHUCHO YTBOPEHUX
COIl B Opecokit TIMA. Ilpore BaxJIMBO pO3yMITH, IO JAaHUW BIUIUB €
pO30CepeKEHUM 1 Ma€ KOPOTIIUHM NUISIX HAJAXOJKEHHS Y OpraHi3Mu JIIoieH, TOMY
HE MO)XHa ITHOPYBATU JAaHWUW BIUIMB Ta BAXJIMBO 3a0€3MEUUTH MOHITOPUHT JaHUX
PEYOBUH BiAMOBITHO /10 BUMOT CTOKIOJIbMCHKO1 KOHBEHIIII.

AHanoriyHe paHXMpyBaHHS MPOBEAEHO IS JKEpedl HEHAaBMUCHOTO
yrBopeHHs COII 3 ypaxyBaHHSM KyMYJISTUBHOTO €()EKTY Ta Mepioay HamiBpO3Maly.
Takuii po3paxyHOK J103BOJIMB BpaxyBaTH, Hampukiag, BHeECOK OnechbKoro
IIEMEHTHOT0 3aBoAy, skuii He poaykye COII 3 2012 poky. HaBiTh BpaxoByrouu Te,
10 [IEMEHTHUH 3aBoj] HEe OYyB JepesnoM HeHaBMucHoro yreoperts: COII npotsrom
5 pokiB 10 mepioay, IO PO3TIIANAETHCA, BHECOK JTAHOTO JDKepena y 3arajbHy
KUTBKICTh HakomuueHuX y Opjechkiili mpoMucioBo-Micbkii armomeparii COII
cknanas 9.21%. Takox Bu3zHaueHo macy HakonmueHux COII 3a mepiog 2007-2017
pokiB B Opecekiit [IMA, ska cknama 285.09 r TE. 3po61eH0 BUCHOBOK, IO SKICTh
CTaTHUCTUYHOI iH(opmallii B YKpaiHi € HeIOCTaTHHOIO ISl TOTO, 1100 TTPOBOAUTH
noBHOIIHANN MoHITOpUHT COII 3a 10TIOMOT0I0 PO3paXyHKOBHX METO/IIB.

Knrwouosi cnosa: cTiliki OpraHi4HI TOJIOTAHTH, MOJIXJIOPOBHI JHOEH30-TI-
TIOKCMHU Ta JuOeH30(dypaHH, TMOJiXJIopoBaHi OipeHin, TeKcaxsiopOeH3od,
Opnechka TTPOMHCIIOBO-MIChKA aryiomeparlisi, 3a0pyJHEHHS, aKyMYyJISIlis, JKEPeIo

3a0pyTHEHHS.



ABSTRACT

Mykhailenko V. Peculiarities of pollution of the Odesa industrial-and-urban
agglomeration environment by persistent organic pollutants. — Qualifying scientific
work on the rights of the manuscript.

Thesis for a degree PhD in specialty 101 — Ecology. — Odessa State
Environmental University, Ministry of Education and Science of Ukraine, Odesa,
2022.

The dissertation is devoted to the problem of pollution of the Odesa industrial-
urban agglomeration environment by persistent organic pollutants. Persistent
organic pollutants (POPs) are global superecotoxicants that are persistent in the
environment, have the ability to bioaccumulate and transboundary transfer, are
extremely toxic and dangerous at any concentration due to the lack of a lower limit
of their exposure. According to the scale and consequences of the impact, the
problem of environmental pollution by POPs is equated to the problem of global
climate change. POPs are divided into 2 groups: formed intentionally (in particular,
chlorine-containing pesticides) and unintentionally (for example, polychlorinated
dibenzo-p-dioxins and dibenzofurans). The first group of POPs is prohibited for
production, but the world has accumulated significant volumes of these substances,
which are either in use in electrical equipment (in particular, in transformers and
capacitors) or are stored in warehouses as unusable pesticides and require special
measures for their environmentally safe destruction in accordance with the
requirements of the Stockholm Convention.

Unintentionally formed POPs, in contrast to intentionally formed varieties, are
still generated, and their entry into the environment is uncontrolled and dispersed,
which causes a much higher probability of entry of these substances into all
components of the environment and into the human body.

The main sources of environmental pollution by unintentionally formed POPs
are urban agglomerations due to the developed industrial complex and the significant

scale of municipal solid waste (MSW) generation. They, in particular, hold the major



amount of transformers and capacitors, which contain a significant number of
intentionally formed POPs. Based on this, residents of industrial-and-urban
agglomerations (IUA) are in the group of increased risk of POPs toxic effects, which
makes it highly important to pay increased attention to the problem of their
environment pollution.

Ukraine is one of the parties to the Stockholm Convention, according to which
it has a list of obligations in the field of POPs monitoring and handling. The
fulfillment of these obligations is one of the vital components of compliance,
compatibility and conformity of the environmental legislation and environmental
safety norms with the norms of European legislation and, as a result, of successful
integration of Ukraine into the European Union. This determines the need to pay
increased attention to the environmental pollution by POPs in urban agglomerations
of Ukraine (one of which is the Odesa industrial-and-urban agglomeration holding
importance not only from the perspective of the industrial complex, but in tourist
and recreational aspect as well).

The work uses modern European techniques to inventory emissions and
sources of POPs generation, in particular «<EMEP/EEA Air pollutant emission
inventory guidebook. Technical guidance to prepare national emission inventories
(2019)» and «Toolkit for Identification and Quantification of Releases of Dioxins,
Furans and Other Unintentional POPs. UNEP (2013)». In addition, based on these
techniques, an improved method was developed for calculating the accumulation of
POPs, taking into account their cumulative effect and half-life period.

In the course of the work, an analysis of the sources and volumes of POPs-
containing waste located on the territory of Odesa IUA and waters adjacent to it was
performed on the basis of available statistical and experimental data. The appropriate
parts of the Odesa region are ranked in terms of the priority of measures for the
disposal of POP-containing waste.

For the Odesa IUA, taking into account its new borders in accordance with
the requirements of modern legislation, the main sources of unintentional formation

of POPs were established using existing European methods. The volume of POPs



formation, as well as the volume of their accumulation in the environment of Odesa
IUA, was determined using the method of calculating the formation of persistent
organic pollutants improved by the authors, taking into account their cumulative
effect and half-life period. All sources of unintentional POPs formation are ranked,;
priorities are determined from the environmental safety aspect.

The introduction includes the relevance of the dissertation topic, scientific
novelty and practical value of the obtained results. The obtained results are a
necessary component of the state monitoring of POPs, vital for the implementation
of the Stockholm Convention. The main tasks of the work, as well as the object and
subject of the research, were defined in accordance with the goal set. The
introduction presents the personal contribution of the PhD student, approval and
publication of the dissertation results, as well as the structure and scope of the work.

The first chapter is devoted to the general characteristics of POPs, their
impact on the state of the environment and human health. Some terminological
inaccuracies, which are widespread in national scientific sources and normative-
legislative documents on the issue of POPs, have been revealed. The physico-
chemical and ecological-toxicological properties of the main POPs, such as
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/F), polychlorinated
biphenyls (PCBs) and hexachlorobenzene (HCB), are described. On the basis of
modern research, information on the impact of POPs on human health, the main
ways of their entry into human body, and the specifics of their distribution in the
environment on a global scale are described. Modern studies of POPs have a
significant evidence base about the impact of POPs on the human body, which is
why it is necessary to expand the research of these substances to determine the ways
of impact on public health and prevent it by creating a global POPs monitoring
system, an important component of which is a quality monitoring system of POPs
in Ukraine.

The second chapter presents an analysis of the sources and volumes of POPs-
containing waste accumulated in the territories adjacent to the Odesa region based

on available statistical data. It was found that the existing normative-legislative and



methodical framework in Ukraine is not sufficient for the effective implementation
of the requirements of the Stockholm Convention. The program for disposal of
unsuitable pesticides belonging to the POPs class was not fully implemented in the
Odesa region. The largest specific mass of unusable POPs-containing pesticides
belongs to the residents of Savranskyi (2,660 kg/person), Bilyaivskyi (2,47
kg/person), Kodimskyi (2,082 kg/person) and Lyubashivskyi (1,197 kg/person)
districts, which should become priority during the execution of the program for their
disposal. Based on the experimental data of the Ukrainian Scientific Center for
Marine Ecology, the specifics of pollution of the marine environment of the
northwestern part of the Black Sea with certain POPs were determined, in particular,
the ecological state of seawater, marine biota, and bottom sediments was assessed.
The condition of the sea water is classified as «Very Good» in most cases. The state
of marine biota mainly corresponds to the «Good» and «Very Good» quality classes.
The condition of bottom sediments in most cases is classified as «Satisfactory» and
«Poor», which indicates that the marine environment was subjected to long-term
regular pollution of PCBs and HCBs, which immobilized in bottom sediments and
under appropriate natural conditions can become a source of secondary pollution of
sea water and biota.

The third chapter presents the justification of approaches to estimating the
volume of producing of unintentionally formed POPs, in particular — for Odesa IUA.
Available European methods of calculation allow taking into account only the
annual mass of POPs formation. The method proposed by us for calculating the
unintentional formation of POPs, taking into account their cumulative effect and
half-life period, allows taking into account not only the annual masses, but also those
accumulated over a certain period of time. This approach was used as a basis for the
development of a mobile application for the automated calculation of the annual
formation of POPs, their formation and accumulation in the environment of Odesa
IUA, taking into account the cumulative effect and the half-life period, which

corresponds to the policy of digital transformation of Ukraine. Based on the results



of this chapter, 2 author's certificates were issued for a work of a scientific and
practical nature.

The fourth chapter presents the specific of pollution of Odesa IUA
environment by unintentionally formed POPs. In particular, the main sources of
unintentional POPs formation in Odesa IUA and the volumes of their formation from
these sources are determined. For individual sources, the contribution of POPs to the
toxicity of emissions in relation to other pollutants is determined. The entry of POPs
into the environment is determined by directions (atmospheric air, soil cover and
water environment), which allows to determine the priority natural environment that
Is most affected by unintentionally formed POPs. The annual volumes of POPs
formation from all identified sources were determined. The unit of measurement of
the cumulative toxicity of POPs is the toxicological equivalent (TEQ) — a value that
expresses the cumulative toxicity of complex mixtures of PCDD/F due to the toxicity
of 2,3,7,8-TXDD. The relevant pollutants are ranked by the amount of annual
emissions, in particular: open storage of municipal solid waste (34.05 g TEQ,
93.15%); wastewater discharge (2.05 g TEQ, 5.61%); organic fuel combustion by
mobile sources (0.315 g TEQ, 0.86%); asphalt production (0.101 g TEQ, 0.28%);
organic fuel combustion by stationary sources (0.038 g TEQ, 0.10%); smoking
tobacco (0.0002 g TEQ, <0.1%); crematoria (0.0001 g TEQ; < 0.1%). The total
annual production of POPs was 6.2 g PCB, 0.72 g HCB, 36.57 g TEQ PCDDI/F.
Since the main source of unintentional formation of POPs in the Odesa IUA is the
open storage of MSW, the main direction of the entry of POPs into the environment
of the Odesa IUA is the soil cover, which determines the priority of solving the issue
of ecologically safe handling of MSW. Also, the impact on the soil cover is caused
by the storage of waste activated sludge on the sludge drying beds, which is formed
at biological treatment stations (BTS) of wastewater (WW) of Odesa IUA. The
marine environment is the second largest in terms mass of unintentionally formed
POPs that enter it, which occurs due to the discharge of treated and untreated
wastewaters into the marine environment. Even taking into account the fact that the

largest number of sources influence the atmospheric air, this direction accounts for



approximately 1% of all unintentionally formed POPs in Odesa IUA. However, it is
important to understand that this exposure is dispersed and has a shorter way of entry
into human bodies, so this exposure cannot be ignored and it is important to ensure
monitoring of these substances in accordance with the requirements of the
Stockholm Convention.

A similar ranking was made for the sources of unintentional POPs formation,
taking into account the cumulative effect and half-life period. Such a calculation
made it possible to take into account, for example, the contribution of the Odesa
Cement Plant, which has not produced POPs since 2012. Even taking into account
the fact that the cement plant was not a source of unintentional POPs formation
during the 5 years prior to the period under consideration, the contribution of this
source to the total amount of POPs accumulated in the Odesa industrial-and-urban
agglomeration was 9.21%. The mass of accumulated POPs for the period 2007-2017
was also calculated, which amounted to 285.09 g TEQ. It was concluded that the
quality of statistical information in Ukraine is not sufficient to carry out full
monitoring of POPs using calculation methods.

Key words: persistent organic pollutants, polychlorinated dibenzo-p-dioxins
and dibenzofurans, polychlorinated biphenyls, hexachlorobenzene, Odesa

industrial-and-urban agglomeration, pollution, accumulation, source of pollution.



