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IV  NIIPETJVIEA JOKTOPCKE JUCEPTAILINJE
(Overview of doctoral thesis):
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Hayuynu npuka3 HCTpaskuBamba 3a pealu3anujy MOCTAB/beHHX LM/beBa AucepTaluje je
npe3enToBano Ha 191 ctpana, kpo3 8 (ocam) morJjassba. /lucepranuja caap:ku CIMcakK JuTepatype
ca 159 pedepenun, 18 Tadeny, 37 ciuka u 4 npujora. JJokTopcka qucepTanuja moja HACJI0BOM:
»Moayan ogpeuBama eMepreHTHHX KCEHOOMOTHKA Y MEIIOBUTUM OTHATHUM BoAama“, ce
cacToju u3 ciaenehux morassba:

1. VYBogna pazmatpama

Crame y 00JIaCTH HCTPAKUBaIba, NPerJie]l JINTepaType 1 3aKOHCKe peryjiaTuse
Xunorese, 331211 M HUb€BH HCTPAXKUBAIHA

KoHuenT, 0KBHp M METOI0/10THja HCTPAKNBAHA

Pe3yaTaTtu u 1ucKycuja

3ak/by4yHa pasmMaTpama, MOryhHocTH MMIIIeMeHTalMje M NPABIH Ja/bUX HCTPAKUBaHA

N o o~ w D

Jlutepartypa
8. Ilpmiaosu

The scientific presentation of the research for the realization of the thesis goals was presented on 191
pages, through 8 (eight) chapters. The dissertation contains a list of literature with 159 references, 18
tables, 37 figures and 4 annexes. The doctoral dissertation entitled: "Modules for the determination of
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emergent xenobiotics in mixed wastewater", consists of the following chapters:
1. Overview of the thesis
State of the art in the field of research, current literature and legislation overview
Hypothesis, objectives and aims of research

2
3
4. Concept, framework and methodology of research
5. Results and discussion

6

Comprehensive conclusions, implementation possibilities of research results and future

research
7. Literature
8. Annex

V  BPEJHOBAIGE NIOJEAUHUX AEJIOBA TOKTOPCKE JTUCEPTALIMJE

(Evaluation of doctoral thesis parts):

Y nAucepramMju je NPUKA3aHO TEOPHjCKO M eKCNEPUMEHTATIHO HCTPAXKUBambe KBAJHUTETA
MeIIOBUTHUX OTHAaTHMX Boja rpaaa Hosor Caga m yTHmaja Ha KOHTAaKTHe MeAHMjyme KHBOTHe
cpequHe. OCHOBHM IUJb HCTPA’KMBakba JOKTOPCKe AMcCepTanHje je pa3Boj M aJjanTanMja MogyJa
MeTtona onpehuBama u uageHTU(PUKAIKje eMepreHTHUX opranckux cyncranum (EmC), empreHTHIX
kcenoonoruka (EK) (y y3opuuma MeloBuTe 0TnajJHe Boje M NOBPIIMHCKE BOJe), Kao U Jo0njame
NOJATAKA O MPUCYCTBY M KOHIEHTPALMOHUM HHBOMMA CeJIeKTOBAHUX KCeHOONOTHKA.

Y npBoM M APYroM HOIVIAB/BY AAT je IperJel] JMTepaType H YBOAHA pa3MaTpama 0 00JacTu
Npoy4yaBama JUcepTanuje — OTHaJHe BoJe, 3aKOHCKe Ne)MHHMIMje Y CKJIALy ca HALMOHAJHOM H
Mel)yHaApoIHOM peryJaTHBOM, Ka0 H CTale Y 00/1aCTH HCTPAKHBabA.

Y Tpehem noraaB/by JepUHUCAHU CY LWbEBH, MOCTAB/bEHA CTPYKTYpa paja, M AaTe NoJa3He
XHIoTe3se.

Y 4eTBPTOM MOIJIaB/bY Cy NPHKA3aHM NPUHIMIIA, METOJ0JOTHja U MeToAe HCTPAKUBAKa, KAa0 U
CTPYKTYpa MCTPaKUBama, MOryhHoOCTH TpeTHpama OTHAJHMX BOAA, €A AKNEHTOM HAa HAaNpeIHe
HHIKehepcKe TEXHUKe M TEXHOJIOTHje, Koje ¢y ce MoKa3ajie Kao ONTHMATHe H Haj0o/be JOCTYIHe 3a
muturanujy emepreHTHUX (EmMC), npHopHTeTHMX W NPHOPUTETHO Xa3apAHHUX IOJIYTaHATa
(IIxITIT). CTpykTypa paja je moae/beHa y HeKoJMKO ¢a3a - npsa ghaza ucmpaxcugaroa je pa3Boj
MeTOH0JI0THje Y30PKOBaWka W IUIAHA €a NMPOCTOPHHUM pacHopeIoM Yy3MMama y30paKa, 4yBama,
cTadujan3aiuje ¥ TPAHCIOPTA y30paKa; opyza gpaza ucmparycusarna 00yxXBaTa aanTauujy TeXHUKA
NpunpeMe M AHAJMTHYKHX MpoHegypa 3a CKPHMHHHI aHAIW3Y Y30paka, oapehuBame mu
uaeHTuukamujy EMC u IIXIIII, a noceGHO oqa0paHuX jeqU-eHha PeIeBAHTHUX 32 HCTPAKUBAYKE
HU/beBe Te3e,MeTOIOM CeMH-KBAHTHTATHBHE CKPUHMHI aHajam3e, mpeha ¢haza ucmpasicugara je
TapreT aHaau3a — KBaHTHGukamuja pAerekroBaHux EmC wu IIXIIII - mnecruuuawu,
¢pTanaTu,ectporeHa M NCHX0aKTUBHe KoHTpoaucaHe cyncranue (ITAKC); uemepma daza
ucmpaycugarba (poxkycupaHa Ha NPUMEHY M eBalyalujy Ao0MjeHHX MOAATaKa, Kao U NMPHKa3
MOTyhHOCTH TeXHHYKO-TeXHOJIOIIKHX TPeTMaHa MeNIOBHTHX OTHAaAHUX BoJa M3 YpOaHHX
cpeauHa; nema ¢haza ucmpaycugarba je o6paga NoaaTaka y IM/by NPOpayyHa OPraHCKOr
ontepehema crnenU(PUYHUX eMEPreHTHMX KCeHOOMOTHKAa Yy OTNAJHMM BoAaMa Ha NPHPOIHH
peunnujeHt, npopayyH koepunujenta pusuka (KP) nerekroBaHHX aHATHUTAa HA AKBATHYHH
MeAMjyMH CTATHCTHYKO nopeleme XeMHjCKHX, €KO-TOKCHKOJIOMKHX KapaKTepucTHKa 1 Moryhux
JAUCTPUOYIMOHHUX MPoLeca TPO-KOMIIOHEHTHOT XeTeporeHor cucremMa ornaaHe sojge. CtaTucTuuke
o0paja je pealn3oBaHa MIPUMEHOM MYJITHBApPHAIMOHE aHATU3E (XHjepapXHjcKa KJIacTep aHAIHU3a
(XKA) n ananuza rnaBanx komnoneHTu (AI'K), kao u [InpconoB koedpunujeHT Kopenaanuje).

Y neroM norjaB/by Npe3eHTOBAHU Cy CBH OPMTMHAJIHHM pe3yaTaTu mo Moayiauma. [lpukaszanu cy
pe3yaTaTH NJIAaHMPamkba W TpPHUIpeMe, Y30PKOBamba, aHAJIN3e OCHOBHHMX (PH3MYKO-XeMHjCKHX
napamMeTapa, CKpUHUHT U TapreT aHajau3e, uspauyyHaBame KP u cratucTHuka odpana nmogaraka;
pe3yaTaTH o0paje 100MjeHHX MOJATAKA M KAKO MOIY Aa YTHYY Ha Ja/bM Pa3B0j UCTPAKUBaIbA,
u3bopa u MoruduUKalje TEXHHYKO-TEXHOTOIKHX NMpoleca TpeTupama. Pe3yaratn nmajy Bucoky
NMPAKTHYHY TPUMEHY Y Ja/beM Pa3B0j 3aKOHCKHMX CMEpPHHIA TNOTPeOHMX 3a CBe0OYXBATHHU

4




HCTPAKUBAYKH H KOHTPOJHHM MOHHTOPMHI CTaryca M KBAJIUTETA BOAHHUX TeJja, noceoHo
MOBPIMMHCKHUX BOAA.

Y mecrom mnoriae/by JaTa €y 3aK/by4Ha pa3sMaTpama M NpeICTaB/beHH IUIAHMPAHH NPaBIH
JaJbUX HCTPAKHBamba y o0jacTH npahema eMepreHTHNX KCEHOOMOTHKA Y MEIIOBHUTOj OTHATHO]j
BOH.

Y ceamom moriaB/by HaBelleHA je JuTepaTypa Koja je kopumiheHa y OKBHUpY JucepTainuje.
Kopumhena JjuTepatypa je caBpeMeHa W NpaBMJIHO oga0paHa mnpeMa 3axTeBHMa HAy4HO-
HCTPAKUBAYKUX MPUHIUMA,

Y ocMoM moriap/by NPHKa3aHW Cy NPHIO3H, KOjH JONMYHYjy M KOPeCHOHAHPAjy TEKCTYyaJIHH
caJp:kaj qucepranuje.

The dissertation presents a theoretical and experimental research in order to improve the monitoring of
the quality of mixed wastewater of the city of Novi Sad and the effects on contact phases of environment.
The main goal of the doctoral thesis is the development, adaptation and elaboration of modules and
methods for determination and identification emergent organic xenobiotics (EXs) (in samples of mixed
urban wastewater and surface water), as well as obtaining data on the presence and concentration
levels of selected emerging xenobiotics.

The first and second chapters an overview of literature and introduction in the field of the thesis
research is provided - wastewater, the definition at the national and international level, as well as the
situation in the field of research.

In the third chapter, the primary and secondary goals are defined and the hypotheses are set.

In the fourth chapter the framework of the principles, methodology and methods, structure of the
research, the wastewater treatment options with emphasis on advanced techniques and technologies
which have proven to be best available technologies (BATS) for the removal of emergent (EmS), priority
and priority hazardous substances (PhPPs) is provided. The structure of work is divided into 5 phases -
the first phase of the research is the development of a sampling methodology and a temporal-spatial
plan of sampling, storage, stabilization and transport of samples; The second phase of the research is
the adaptation of preparation techniques and analytical procedures for screening analysis,
determination and identification of EmS and PhPPs, and specific compounds relevant to the research
goals via semi-quantitative method of screening analysis; The third phase of the research is the target
analysis and the quantification of detected EmS and PhPPs - pesticides, phthalates, estrogens and illicit
drugs (IDs); The fourth phase of the research will be focused on the application and evaluation of the
obtained data, as well as an indication of the possibilities of minimizing and removal of the EmS
concentration in the process of treating mixed urban wastewaters(MUWW). The fifth phase of the
research is the data evaluation, calculation of organic load for detected EXs in the MUWW onto the
natural recipient, environmental risk assessment (ERA) via calculation of risk quotient (RQ) for aquatic
medium and the statistical evaluation of chemical, eco-toxicological characteristics and predicted
possibilities of distribution processes in 3-component heterogenic system of wastewater. The statistical
evaluation of data is implemented via multivariate analysis (hierarchal cluster analysis (HCA) and
principal component analysis (PCA)) and Person correlation coefficient (PCC).

In the fifth chapter, all original results by modules were presented - the results of the planning and
preparation, sampling, analysis of basic physical and chemical parameters, screening and target
analysis, risk analysis and statistical evaluation of data; the results of processing of the obtained data
and how they can influence the further development of research, selection and modification of the
techno-technological wastewater treatment process. The results are high application potential in the
further development of the regulation guidelines necessary for the overall control and research
monitoring of the status and quality of water bodies, especially surface water.

The chapter six elaborates conclusions and observations, as well as outline of plans and directions for
further research in the area of EXs.

The seventh chapter lists the literature used in this dissertation. The used literature is modern and
properly selected according to the science and research principles.

The chapter eight shows the Annexes that are complementary and correspondent part of the textual
segment of thesis.

VI CIIMCAK HAYYHHUX HN CTPYYHHUX PAJOBA KOJH CY OBJAB/BEHM WHJIN




INPUXBAREHU 3A OBJAB/BUBAIBE HA OCHOBY PE3YJITATA HCTPAXKUBAIbBA Y
OKBUPY PAJJA HA TOKTOPCKOJ JUCEPTALINJHN

(List of papers published or accepted for publishing based on research results in the scope of
doctoral thesis)

TakcaTHBHO HaBECTH HA3WBE PaJioBa, TJC U Kaja cy o0jaBibeHU. [IpBO HaBeCTH HajMame jelaH paj
objaBibeH wim mpuxBaheH 3a o0jaBbHBaEme y yacomucy ca ISI ymcre ogHOCHO ca JjHCTe
MUHHCTApCTBa HAUICKHOT 332 HAayKy Kaja Cy y NHTamy JPYIITBEHO-XyMAaHHUCTUYKE HayKe WU
pa’zoBe Koju MOTy 3aMeHHTH oBaj ycinoB no Ol.jamyapa 2012. romune. Y ciydajy paaoBa
npuxBaheHux 3a 00jaBJbUBaIbE, TAKCATUBHO HABECTH HAa3MBE PaJioBa, I7ie U Kajaa he outu o0jaBibeHN
u npwiokutu notepay o Tome.(List of papers, when and where the papers were published. The
papers in Journals on the SCI list or list of the Ministry of education, science and technological
development in the field of society-humanistic sciences or papers that can replace this condition
until the 1% of January of 2012, should be stated on the beginning of the list. If the papers are
accepted for publication, in the list should be stated when and where it will be published and receipt
of publication.)

Pajx y meljynapoanom uaconucy (M23) (Paper in International Journal M23)

Mili¢ N., Spanik I., Radoni¢ (Jaksi¢) J., Turk Sekuli¢ M., Gruji¢ Leti¢ N., Vyviurska O., Milanovi¢ M.,
Sremacki M., Vojinovi¢-Miloradov M. (2014) Screening analyses of wastewater and Danube surface
water in Novi Sad locality, Serbia, Fresenius Environmental Bulletin, 23 (2), pp. 372-377, ISSN 1018-4619

Mihajlovi¢ L., Pap S., Sremacki M., Brbori¢ M., Babunski D., Pogo M. (2014) Comparison of spectrolyser
device measurements with standard analysis of wastewater samples in Novi Sad, Serbia, Bulletin of
Environmental Contamination and Toxicology, 93 (3), pp. 354-9

Sremacki M., Milanovi¢ M., Mihajlovi¢ 1., Spanik 1., Radoni¢ J., Turk Sekuli¢ M., Mili¢ N., Vojinovi¢
Miloradov M. (2016) Adaptation of screening analysis method for key pollutants in wastewater of meat
industry, Fresenius Environmental Bulletin, 25(11), pp. 5008-5013, ISSN 1018-4619

PajoBu y yaconucy HauuoHaHor 3Hauaja (M52) (Paper in National Journal M52)

Sremacki M., Sto§i¢ M., Bondzi¢ J., Mihajlovi¢ 1., Vojinovi¢ Miloradov M. (2015) Detection of
organochlorine pesticides and estrogens in urban wastewater of Novi Sad, VVoda i sanitarna tehnika, Vol. 5,
ISSN 0350-5049, UDK 628+624+626, p.p. 33-38

Sremacki M., Mihajlovi¢ 1., Pogo M., Pap S., Nogo 1., Vuji¢ G., Vojinovi¢ Miloradov M. (2016)
Biorazgradivost meSovitog urbanog efluenta — Spectro::lyser on-line monitoring otpadne vode Novog Sada,
Voda i sanitarna tehnika, Vol. 5, ISSN 0350-5049, UDK 628.315.23(497.113), p.p. 63-68

Caonumreme ca Mehynapoanor ckyma mramnano y ueaunu (M33) (Paper on International Conference
M33)

Sremacki M., Simi¢ J., Kovacevi¢ S., Radoni¢ J., Vojinovi¢ Miloradov M., (2013) Detection of emerging
and priority substances in surface water — GCMS method optimisation, Proceedings of 3rd International
Conference ,,Ecology of Urban Areas” Zrenjani, Technical Faculity ,,Mihajlo Pupin®, UNS, 11. October
2013

Bondzi¢ J., Sremacki M., Kovacevi¢ S., Spanik I., Popovi¢ Lj., Vojinovi¢ Miloradov M. (2013) Meat
processing industry as source of emerging and priority substances in water resources of Vojvodina —
geospatial analysis and modeling, Proceedings of 1st UNESCO Conference on emerging pollutants in
Water, Belgrade, Institute for Development of Water Resources ,,Jaroslav Cerni 9-11 Jully, p.p. 93-98,
ISBN 978-86-82565-39-0

Sremacki M., Spanik I., Mihajlovi¢ 1., Turk Sekuli¢ M., Radoni¢ J., Vojinovi¢ Miloradov M. (2016)
Quanitative determination of key emreging xenobiotics in mixed wastewater discharge, Proceedings of 22.
International Symposium on Analytical and Environmental Problems, Szeged, University of Szeged,
Department of Inorganic and Analytical Chemicstry, H-6720 Szeged, 10 October, p.p. 293-296, ISBN
978-963-306-50

Sremacki M., Mihajlovi¢ 1., Djogo M., Maodus$ N., Gajica G., Vojinovi¢ Miloradov M., Ubavin D. (2016)
GC-MS screening analyses of organic pollutants in landfill leachate, Proceedings of ISWA World Congress
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2016, UNS, FTN, Novi Sad, DEEOS,19-21 September, p.p. 1907-1921, ISBN 978-86-7892-867-6

VII  3AK/BYYIIX OJHOCHO PE3YJITATH UCTPAXKUBAIbBA

(Conclusions and/or results of research)

JemaH on K/bYYHHMX 3aK/bydyaKa MCTPaKNBama je aeduHMCAHA aJeKBAaTHA M ONTHMAJTHA
npoueaypa Koja Mopa /a ce KOPUCTH U NMpHUMembYyje Y 001MKY BpeMeHCKMX MOAYJa Kako O ce
00e30eNIH MOY3IaHH M PeIeBAHTHHU NMOJALHU. YcHemaH AJIropuraM MoayJaa Mopa 3a pe3yJiTaTt 1a
HMa pelnpe3eHTATHBAH Y30pak M 00jeKTHMBHY aHAJM3y, KOjU Cy ABa ompeaesbyjyha cermenTa 3a
Jodujame MoAATaKa NMOTPeOHUX 3a MHKemepcKH npucTyn npojexkroBamy IIIIOB. KommiexcHa
aHaJM3a y30paKa :KHBOTHEe CpeIuHe, HAPOYMTO Yy30paKa OTHaJHe BOle, je IUIAaHMPaHA W
Je()MHHUCAHA JIOTHYHUM IPOLECHMA Y30PKOBaHa, CeJeKIHjOM H HMCTPAKMBAKEM JOKALMje H
crnenGpUYHOM ONIPEeMOM, Y IW/bY Pa3Boja cTpaTervje y3opKoBama ca ONTHUMAJHAM BPeMEHCKHM H
NPOCTOPHUM KOOpPAWMHATaAMa.

3ak/byYHH METOIOJIONIKH TOCTYNIH HAa MeCTHMa Y30pPKOBama O0yXBAaTHJIM Cy Mepema Ha
JIOKaNMjH, nIeHTH(UKANMjy yCcI0Ba OKOJIMHE HA TepPeHY W TPAaHCIOPT y3opaka y JlaGoparopwujy,
ca mpoueaypamMa craduiu3anuje, NpunpeMe u CKIAJUIITEA. Y NPBOj (a3 MHCTPYMEHTATHHUX
Mepema npaheHn cy OCHOBHHM (PM3MYKO-XEeMHMjCKH NapaMeTpH Ha TepeHy W Yy JaGopaTtopuju,
CKPHHHHI aHAJIN3a OCEeT/bHBMM W MOJEPHUM TeXHHKAa (racHa M TeyHa Xpomatorpaduja ca
MaceHOM creKkTpoMeTpujom). HakoH cKpUMHHHI aHaTu3e, H3Be/leH je Mpolec ceJeKnuje H oqadupa
HWbaHe AHAJIUTHYKE TIpyne W TOjelMHUX Taprer CyncTaHod (OPraHOXJOPHM TeCTHIMIN,
¢pramatu, ecrporenm u ITAKC). Ilocaenmu Moayn mnpoueca je epajdyanmja M Hay4dHa
koHpupMmanuja odpaheHnx mnonaraka CKPUHMI W TapreT aHajiu3e, MpoOlleHe pPHU3UKA M
cTaTUCTUYKe o0paje.

ChnpoBelleHa je CKPUHUHI aHAJM3a Ka0 BaKaH IPeJUKTHBHH CErMeHT HCTPAa’KUBAaba
NOBPIIMHCKUXU OTHagHuX Boaa. TeuyHo-teuna excrpakuuja je norBpeHa kao onmTHMaJHa
TEeXHUKA 32 NpUIpeMy u3adpaHe BpcTe y30pKa, Y 3aXTeBAHOM BPEMEHCKOM HHTePBAIy. Y TOKY
eKCIIePHMEHTAIHOI Pajia MCIIMTHBAHE Cy ¥ TEXHUKe MPHIIPeMe Y30paKa - eKCTPAKIMja HA YBPCTOj
(a3 M MUKOpeKCcTPaKNUja HA YBPcTOj ¢a3u, H Mokasaje cy ce Kao Mamwe epukacHe mocefHo 3a
CKPHHHMHI Y CMHCJIY KBAJIUTETAa U KBAHTHTETA MHKOBA M3IBOjeHHX Ha xpomaTtorpamy. Ha ocHoBy
eKCNePHMEHTATHUX Pe3yJITaTa 3aK/by4YeHO je [1a je ageKBaTaH pacTBapay 3a y30paK OTHATHUX
BOJa BHCOKOI opraHckor onrtepehema auxjopMeraH, npeMa (U3HYKO-XeMHjCKHM (Tayka
K/bYYamba, MOIAPUTET H e)UKACHOCT eKCTPaKLMje) H TUNOPUIHEM KAPAKTEePUCTHKAMA aHAINTA,
MpPHKa3aHO OPOjHUjUM U Go/be T epeHIHPAHUM MUKOBHMA Y XpOMATOIPaMHUMa.

IMoaanu Taprer ananu3e kopuwhenu cy 3a ogpeljuBame NpUOpUTETa U PEryJIATOPHUX IPAHUYHHUX
BPEAHOCTH Koje Tpeda YK/bYYUTH y MOA3aKOHCKe aKkTe. OpraHoxJI0pHU mecTHMIn U ¢GTanatu cy
JAeTeKTOBAHH Y 3HATHO BUIIMM KOHLEHTpalH{jaMa y OTHAJAHMM H NMOBPIIMHCKUM BOAaMa, HeKH
YaK W 5 myTa o NMPOCeYHHMX FOIWIIILHX CTAHAApAa KBaJuTeTa 3a jKMBOTHOj cpemmnu (Annual
Average Environmental Quality Standards — AA EQS) y NOBpPIIMHCKOj BOXH HHU3BOTHO O
ucnycra. 3HayajHo Beha xkonuentpanuja ITAKC onpelleHa u perucTpoBaHa je TOKOM BHMKeH/A.
Pe3yaTaTu 7100MjeHN TapreT aHAJIN30M KOPHCTHJIM Cy ce 32 H3pauyHaBaimbe JHeBHOr onrtepehema
U KoeUIUjeHT PU3HKA, 32 IPOLEHY PU3HKA.

3a npoueny pusuka (EPA) u uspauynaBame KP uzadpan je kao 3ak/by4HH MeTO H3payyHaBamba
Ha OCHOBY OPUIMHAJIHHMX U3MepeHH BpeaHocTu (measured environmental concentration - MEC).
Bpeanoctu KP < ox 1 o3nauaBajy aa [IAKC u ¢ranatu Hemajy BUCOK MOTEHIHjaJ TOKCHYHOCTH
HAa SKHBOTHY CpeIMHY 3a oga0paHe Jiokamuje, ajiu cneuuduyne xemujcke (mceyno-
NEeP3UCTEHTHOCT, KYMYJATHBHU TNOTEHLUMjaJ) KapakTepucTuke ¢Tajata ykasyjy Ha BHCOK
noTeHUUjaa ouoakymyJsamuje. Bucoke KoHIleHTpalije OPraHOXJIOPHHUX MECTHIUAA Y3 JeTeKUHjy
€CTPOreHa NMpeACTaB/bajy AMPEKTAH PU3HK M0 JKUBOTHY CpPeJIHHY, a MIOTOM HAIJAIIABajy A0JaTHU
acMeKT MpoLeHe PU3HMKA, jep CY OPraHOXJOPHHU NMeCTHIM/IN eCTPOreHH MUMMIY, aMILTHUIHUPAjy
U 32XTeBajy HOBe NMPUCTYIe 3aIITUTH ;KUBOTHE CPe/IMHe U 31PaBJ/ba.

IIpeanoxenn cy mpouecu 3a MeIIOBUTY KOMYHaJHy ornaany Boay Hosor Caga mpeasuljenu cy
KA0 HANpeIHH TeXHHYKO-TeXHOJIOIIKH MOCTYNaKk o0paae u apyra ¢aza uncraaupama [IIIOB na
oapeheHoj okanuju.

Pe3yJTaT ekcrnepHMeHTAJIHMX ToaTaka je Bu3Mja Oyayhux wucTpaxuBama HMHCTATALMje
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HHKEHEPCKO-UCTPAKHUBAYKOI MWIOT MOCTPOjela 32 eKCINEePUMEHTAJHO mnoTBphuBame un
ontuMu3anujy yHamnpeheHor mponeca pegokc cucremMa 3a NpuUMapHH eqUIyeHT M TeXHMYKO-
TeXHOJIOIIKH TPETMAH HA 0431 aKTHBHOI yIJba 32 CEKYHIAPHHM eiyeHT.

JloOujenn pe3yiTaTH M M3BeJleHH 3aK/bYYIH NMOTBPAWIN Cy PEaJTHOCT XHIIOTe3a M HM3BOAJbHUBOCT
3a/1aTaKa ¥ NHJbeBa MVIAHMPAHUX Y OKBHPY IOKTOPCKE HcepTanumje.

One of the significant conclusions of the research is the adequate and optimal procedure that has to be
used and implemented as temporal modules to obtain reliable and relevant data. Modules algorithm has
to ensure the representable sample and objective analysis, which are the two defining premises for
obtaining the data needed for the engineering approach to design of the wastewater treatment plant
(WWTP). Complex environmental sample analysis, especially wastewater samples, is planned and
defined via logic processes of sampling, selection and specification of locations, special equipment, for
the benefit of developing sampling strategy with optimal temporal and spatial coordinates.

Procedures on the sampling locations include in-situ measurements, identification of environment
conditions and transportation of the samples to the Laboratory, which is followed by stabilisation and/or
preparation and storage. The first phase of the instrumental analyses is measurements of basic
physicochemical parameters in and ex-situ, which is followed by screening analyses via modern
techniques (liquid and gas chromatography coupled with mass spectrometry). After the screening
analyses, selection process of target groups and individual analytes is performed. The last module of the
process is evaluation and scientific confirmation of evaluated data of skrining and target analyses, risk
assessment and statistic evaluation of data.

Screening analysis is an important predictive segment of the water and wastewater research.

The liquid-liquid extraction is confirmed to be the optimal preparation technique for selected type of
sample, and can be completed in optimal time frame. During the experimental research other sample
preparation techniques (solid-phase extraction and solid-phase micro-extraction) were shown to be less
effective for screening in terms of chromatogram peak quality and quantity.

The experimental results indicate that the most suitable solvent for high organic content wastewater
sample is dichloromethane, considering the physicochemical characteristics (boiling point, polarity and
extraction efficiency) and lipophilic characteristics of analytes. In the case of dichloromethane the peaks
of chromatograms developed were cleaner, more regular, and better separated.

The information and data obtained from target analysis should be used for the prioritisation and design
of regulatory limiting values that should be incorporated into the by-laws. Organochlorine pesticides
and phthalates were detected in significantly higher concentrations in research area in wastewater and
surface water, some even 5 times than Annual Average Environmental Quality Standards (AA EQS) in
surface water downstream of discharges. Significantly higher concentration of 1Ds was detected during
the weekend, which was one of the expected results. Results obtained through target analyses were used
to calculate daily load and RQ, for the purpose of risk assessment.

For the risk assessment (ERA) and calculation of RQ preferred and selected method of calculation is via
measured environmental concentration - MEC. The risk quotient values lower than 1 indicate that IDs
and phthalates do not have high potential for environmental toxicity for selected locations, but the
chemical characteristics of phthalate show the great potential for bioaccumulation. The high
concentrations of organochlorine pesticides alongside estrogens detected provides direct risk onto the
environment and underline additional domain to the risk assessment, as the organochlorine pesticides
are proven estrogenic mimics, which amplifies and urges new approaches to the environmental and
health protection.

The recommended processes for the MUWW from Novi Sad is foreseen as an advanced technical-
technological treatment process and estimated to be installed as the second phase of a WWTP due to the
obtained data of quality of wastewater on the specific location. On the basis of the experimental results
the vision of future research is the installation of the pilot plants on the location of the WWTP to
experimentally confirm the optimal conditions for advanced redox system for primary effluent and
activate carbon process for secondary effluent.

The obtained results and conclusions have confirmed the reality of the hypothesis and the feasibility of
the tasks and goals planned in the framework of the doctoral dissertation.

VIII OHEHA HAYMUHA ITPUKA3A U TYMAUYEIBA PE3YJIITATA HCTPA’KUBAIBA




(Evaluation of the method of display and interpretation of research results)

EKCI‘U‘II/IHI/ITHO HABCCTU MO3UTUBHY WM HCTATUBHY OLCHY HaYWHA IMPUKA3a U TyMadCiha pE3yiiTaTta
uctpaxupama. (Clearly state positive and negative evaluation for evaluation of the method of
display and interpretation of research results)

Tymauemwe 100HjeHUX pe3yaTaTa jacHo je W mperJieqHo. MopMuUpaHd 3aK/by4Ylld y paay cy
3aCHOBAHM HA NMO3UTHMBHUM HAYYHO-TE€OPHUjCKHM OCHOBaMa, aHAJM3aMa M pe3yJITATHMAa Mepema
J00MjeHUM Ha OCHOBY €KCIepPMMEHTAIHMX MCTPakuBama. PesyJraTn cy AociefHO NPUKA3aHU Y3
MoryhHocT nopeljema ocTBapeHUX BpeAHOCTH.

Interpretation of the obtained results is concise and transparent. Formed conclusions in thesis are
supported by appropriate theoretical bases, analyses and measurement results obtained from
experimental research. The results are consistently presented with the possibility of comparing the
measured values.

IX KOHAYHA OIEHA JOKTOPCKE JUCEPTAIIMJE
(Final evaluation of the doctoral thesis):

EKCIUIMIINTHO HAaBECTH JAa JIM JUCepTallfja jecTe WIM HHje HalHhcaHa y CKJIaJy ca HaBEeICHUM
00pas3nokemeM, Kao M Jla JIM OHAa CaApXKHU WIM He caipku cBe OuWTHe enemeHTe. [laTu jacHe,
Ipely3He U KOHIIM3HE OATOBOpE Ha 3. U 4. muTame:

(Clearly state if the doctoral thesis is or isn’t written in in accordance with the aforementioned
explanation, and if it contain all the key elements. Give precise and concise answers on questions 3.
and 4.)

1. Ta 11 je aucepTaiiija HamMcaHa y CKiIaay ca obpasioxkemeM HaBeneHnM y mpujasu teme? (IS the
doctoral thesis written according to the explanation in the Title registration procedure?)
Ja, nucepranmja je y ueJMHM HAMKMCAHA Yy CKJIAAY ca 00pa3JioKemheM HaBeleHUM Y NPUjaBH TeMe.

Yes, the dissertation is entirely written in accordance with the reasoning stated in the thesis theme
submission.

2. Jla mu nucepranmja caapixu cee outHe enemente? (Does the doctoral thesis contain all the key
elements?)

I[a, zmcepTaunja CaJApP:K! CB€ BA'KHE U HEOIIXOJHE €JIEMEHTE.

Yes, the dissertation contains all the essential elements.

3. Tlo gemy je muceprarmja opuruuanan monpuuoc maymm? (Is the doctoral thesis is the original
contribution to science and what for?)

[MoTnyHo HOBUM OpPUrMHAJHHM MNOJALMMA IO NMPBH NYyT je moTBpheHo BHCOKO onTepeheme
AKBATHYHHUX CcHCTeMa YypOanuMm eduiyeHToOM onrtepeheHUM eMepreHTHHM CyncTaHLaMa,
NPHOPUTETHHM M Xa3ap/AHO NPHOPUTETHUM MOJYTAHTHMA, ca CUrHU(PUKAHTHUM eeKTHMA Ha
skuBoTHY cpeauny y HoBom Cany. Cnenmdpuxym Te3e je kKBaHTHGUKanuja ontepeheme
AKBATHYHHX CHCTEMA MELIOBHTHM OTHAHHUM BOAaMa Koje ce AUPEKTHO HCHYIUTAjy Y PeHUIUjeHT
0€3 MpPeTXOHOI TPEeTMAaHA, IITO je HeMPUXBAT/bHBA KAPAKTEPUCTHYHA CYA0MHA OTNATHUX BOJA Y
Cpouju. ITocedan ¥ OpUrHHAJIAH JONPHHOC MCTPAKMBAYKHX AKTHUBHOCTH je A2 Cy IO NMPBH MYT
MELIOBUTE OTHA/HE BOJAe U3 YPOAHUX CPEAMHA KA0 KOHTHHYAJHH u3BOp 3aral)yjyhux opranckux
CYNCTAHIY AHAJTU3UPAHE NAPAIEIHO €A MOBPIIMHCKOM BoAoM JlyHaBa u 100MjeHH Cy peieBAHTHHU
U up-to-date mogauu o KBAJMTETY OTHATHUX BOAA M €KOCTATYCY MOBPLIMHCKE BOJE PeLUIHjeHTA.
Y okBHpPY Te3e YyCBOjeHe Cy HOBe IMepueniuje 3Hama 0a3MpaHUX HAa CHeMUPUIYHUM U
OPUTHHAJIHUM Pe3YJITAaTa NPUCYTHOCTH eMePreHTHUX KCeHOOHOTHKA NapaJieTHO Y MOBPIIMHCKUM
U oTnagHuM Boaama. ExcnepumenTtaina mepersa EK y memoBurtoj ormaanoj Boan Hosor Cax n
J00MjeHH pe3yJTaTH Cy MOTNYHO HOB M BpelaH AONPHHOC HAYIH, jep NpeAcTaB/bajy INpBe
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unpopmanuje o kpanurery ornague Boge y moriaeny EMC u IIXIIII na teputopuju Cpouje.
JoOujenn opurmHanHM nogamM cy miaargopMa 3a NOCT-aHAJIMTHYKY o0paxy u Jgol0ujame
peJIeBAHTHMX MOJAaTaka M 3aK/bydaka, Koju omoryhaBajy mnpuinarohaBame KOHTPOJIHHX
MOHUTOPHHTI INIAHOBA M MpoLeca 32 TEXHHYKO-TEXHOJIOIIKH TPeTMaHa oTnaaHux Boaa. [lornmyno
HOBHM peJICBAHTHHM Pe3yJdTAaTH M 3aK/by4ulM AeuHMIIY mpaBue 3a pa3poj Oyayhumx HampeaHux
TpeTMaHa OTHAJHMX BOAA KOHTAMMHHUPAHHUX MHKPONOJIYTAHTHMA M OTBapajy HHOBATHBHE
NnpaBle pa3Boja UCTPakKMBamba y 001acTH MoayJaa ogpehuBama eMepreHTHHX KCEHOOMOTHKA Yy
MEIIOBUTUM OTHAJHMM BoaaMa ypOaHux cpeauHa. JloOMjeHu pe3yiTaTu mpy:xkajy MoryhHoct
OeHe(puTHe MpHUMEHe Yy TEOPUjU M NMPAKCH KOMIUIEKCHEe M KOMILUIMKOBaHe 00/1acTH TpeTMaHa
MEIIOBUTHUX OTNAJHUX BOAA. JeIMHCTBEHOCT Te3e Cy M HOBH JONPHHOCH Y OKBHPY TEOPHjCKHX
Ca3HaKbAa KA0 U BUCOKH aIVINKAOWIHN HUBO 32 MIPUMEHY pe3yJTaTa y NPAKTHYHUM CHUTyalujaMa u
00/1aCTH MHKeHepPCTBA 3alITHTE *KMBOTHe cpeauHe. JloOuWjeHH mogamy NpeacTaB/bajy BHCOKO-
Bpe/laH U OPUTMHAJIAH JONPHHOC HAYYHO-UCTPAKMBAYKMM AKTHBHOCTHMA TPeTMaHAa OTHAJHMX
Boaa ontepehenum EMC u IIXIIIl y nmoBpmMHCKHM BoJamMa, ca YCHeIIHOM HNPUMEHOM Ha
KOpeCHOH/ICHTHE reorpajgcke cucreme KuBoTHe cpeauHe. Ha  ocHoBy OpojHmMX
eKCNEPUMEHTAJIHUX MoAaTaka ajantupaHa je u YyHanpehena je ykymHa wMetomoJioruja
ofpehuBama, aHaNIN3e M eBajyanMje eMePreHTHUX KCEOHOMOTHKA y MEIIOBHTHM OTHAIHMM H
NOBPIIMHCKMM BOJaMa, IITO IMPH NapagurMy o0JACTH HCTPAKNBAMKA CIPOBEJCHHX Y OKBUPY
JOKTOpCKe Te3e.

For the first time, EmS and PhPPs loading of aquatic systems and has a significant impact on the
environment has been measured and confirmed by the new original data. The specification of the thesis
is confirmed the specific organic load of aquatic systems originated from mixed wastewater discharged
directly without prior treatment in all cities of Serbia. A special contribution to the research activities is
that, for the first time, the mixed waste water from the urban areas, as the most frequent and continuous
sources of pollutants of organic origin is analyzed parallel with the Danube surface water, and
therelevant and up-to-date data on the quality of wastewaters and surface ecosystems of the recipient
were obtained. In the scope of the thesis new knowledge perceptions have been adopted based on the
specific and original result of the EXsparallel in surface and wastewater. Analytical and experimental
measurements of the EXs in the mixed wastewater of Novi Sad and the results obtained are a completely
new and valuable contribution to the science, since they represent the first information on the quality of
wastewater in relation to EmS and PhPPs on the territory of Serbia. The obtained original data are a
platform for post-analytical processing and obtaining the relevant data and conclusions, which enable
the adjustment of control monitoring plans and processes for technical and technological wastewater
treatment. The completely new relevant results and conclusions define the directions for the development
of future advanced wastewater treatment of contaminated micro-pollutants and open up innovative
trends in research in the field of determining EXs in MUWW. The obtained results provide opportunities
for the benefits applied in theories and practices of complex and complicated area of wastewater
treatment. The aims of the thesis are also new contributions in the field of theoretical knowledge as well
as a high applicable level for the use of results in practical situations and areas of environmental
engineering. The obtained data represent a completely new high-value and original contribution to the
scientific and research activities of wastewater treatment with EmS and PhPPs loads in surface waters,
with the possibility of applying to correspondent geographic systems of the environment. On the basis of
numerous experimental data, the overall methodology of determining, analyzing and evaluating
emergent xesonobiotics in mixed waste and surface waters has been adapted and expanded, which
widens the paradigm of research within the doctoral thesis.

4.Hemocranu aucepranyje ¥ BMX0B YTHI] Ha pe3ynTat ucrpaxusamba (Limitations of the doctoral thesis
and the influence on the research results):

Jucepranuja je HamucaHa y CKJIAAy ca MPUjaBOM TeMe Te3e, YHMe Cy HCK/bYYeHH HeJ0CTAH KOjH
OU HEraTMBHO YTHLAJIM HA pe3yJITaTe HCTPAKHBAIbA.

The dissertation is written in accordance with the thesis theme submission, which excludes deficiency that
would adversely affect the results of the research.
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X HPEJJIOT

(Recommending and conclusion):

Ha ocHoBy ykymHe onene aucepranuje, Komucuja npennaxke (On the basis of the doctoral thesis
evaluation, Commission is recommending):

Ja ce noxkTopcka nucepranuja ,,Moayau ogpehuBama eMepreHTHUX KCEHOOMOTHKA Y MELIOBUTUM
OTHagHUM BOJaMa“ MPUXBaTH, a Kanauaarty, Maju Cpemauxku, ono0pu jaBHa on0paHa.

To accept the doctoral dissertation "Modules of emerging xenobiotics detection in mixed urban
wastewater"”, and to approve the public defense of thesis to the candidate Maja Sremacki.
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