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ORGANSKI MIKROPOLUTANTI U AKVATICNIM EKOSISTEMIMA t
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~ 2,362 chemicals and TPs LC-HRMS (JDS4); 586 CECs detektovano



Emergentne supstance (contaminants of emerging concern) ¢

Toksini algi: npr. Mikrocistin-LR

Biocidni TPs: npr. metll triklosan

Biocidi: npr. hloroksilenol, hlorofen
Biloski/sabotazni agensi: npr. hloropikrin
DBPs (voda za pice): npr. NDMA, HANs, HNMs

Usporivaci gorenja: npr. 1,2,5,6,9,10-
heksabromociklododekan, tetrabromobisfenol A

Droge: npr. kokain, heroin, morfin
Aditivi hrani: npr. sukraloza, triacetin

Aditivi goriva: npr. metil-terc-butil ethar

NORMAN List of Emerging Substances

Industrijske hemikalije: npr. 1,2,3-benzotriazol,
hidrazin

Antimikrobni agensi: npr. kamfor, izoborneol
Perfluoroalkil supstance

Proizvodi za licnu negu/biocidi: npr. 4-
metilbenziliden kamfor, etil paraben, tonalid,
triklosan

Farmaceutici: npr. 17-alfa-estradiol, azitromicin,
diklofenak, ibuprofen, metformin

Sredstva za zastitu bilja/biocidi: npr. karbaril,
linuron, mekoprop, cipermethrin

Plastifikatori: npr. BPA
Surfaktanti

. Trenutno nisu obuhvaceni rutinskim monitoring programima na evropskom nivou; potencijalni
. kandidati za buduce regulative u oblasti voda

_______________________________________________________________________________________________________________________________________________________________________________



Prioritetne i prioritetne hazardne supstance

Toksi¢ne
Perzistentne
Bioakumulativne

LISTA ZA PRACENJE (Watch list of substances for Union- g,
wide monitoring as set out in Article 8b of Directive

2008/105/EC; DECISION EU 2022/1307)
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Ftalati

PAH

Organofosforni insekticidi
Organohlorni pesticidi i aromatic¢na
organohlorna jedinjenja
Hlorovani rastvaraci
Dioksinis, PCB, BDE
Metali

Alkilfenoli

Piretroidni insekticidi
Perfluorovani surfaktanti
Hinolinski herbicidi
Hlorovani alkani

HBCDD

Sulfametoksazol

Trimethoprim

Venlafaksin i O-desmetilvenlafaksin

Azolne komponente: klotrimazol, flukonazol,
imazalil, ipconazole, metkonazol, mikonazol,
penkonazol, prohloraz, tebukonazol, tetrakonazol
Dimoksistrobin; azoksistrobin

Famoksadon

Diflufenikan

Fipronil

Klindamicin

Ofloksacin

Metformin

Guanilurea

Sunscreen agents: Butil metoksidibenzoilmetane,
oktokrilen, benzofenon-3




CECs i standardi kvaliteta vode za pice (Directive
EU 2020/2184)

* Novi parametri: bisphenol A (2,5 ug/l); mikrocistin LP (2 pug/l), PFAS (o, 5 ug/l),
uran (30 pug/l).
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Hubner et al. (2024) Heliyon10, e30402.
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Primena ozonizacije i AOPs u tretmanu voda
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Primena ozona i AOPs u tretmanu voda

) 0+
0,/AOPs
Conventional
ai

Ozoniza-

AOPs/SR-

\

L
O
o
<
N
<<
()
@)
>

OTPADNA VODA

Karakteristike Vrednost
Molekulska masa 48 Da
Dipolni momenat 0,537 debaj
DuZina veze 1,28 A
Ugao veze 117°
Tacka topljenja -192,7 °C
Tacka kljucanja -110,5 °C
Rastvorljivost u vodi na 0°C 2,2X102M
Rastvorljivost u vodi na 20°C 1,19Xx 102 M
Henrijeva konstanta na 0°C 35 atm M
Henrijeva konstanta na 20°C 100 atm M
Prag pri kojem dolazi do eksplozije | 10% ozon

N
e
DBPs: NDMA
7
DBPs: Bromat <
7
DBPs: Hlorpikrin
7
. . DBPs: Aldehidi/ketoni
Oksidacija L > _
neorganskii T&O o HO" AOPs O%/HZOZ/mlkropqutarg
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Non-target i suspect-
screening analiza

Lim, et al. (2022) Water Research 213, 118053



HR-AOPs/SR-AOPs
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e HO®| drUge ROS: H02°; 302, Rooq:_ __________ 1_(_}1_3_0_5______________1(_%_!%94_;_“_______E(_z_s_qz;_i
o

* HO® * 50,”

E * snazni, EE * snazni,

.« neselektivni hemijski |« selektivniji u odnosu na

oksidansi

e Kompleksne
radikalske reakcije e

HO* (reakcije transfera
elektrona)

Efikasni u sirokom
opsegu pH (2-8)

Duze vreme poluziota u
odnosu na HO®

................................................................

Oksidacione vrste Oksidacioni potencijal (V)
Fluor 3.03
Hidroksil radikali 2.80
SO,* 2.5-3.1
Atomski kiseonik 2.42
Ozon 2.07
Vodonik-peroksid 1.78
Hidroperoksil radikal 1.70
Permanganat 1.68
Hipobromna kiselina 1.59
Hlor-dioksid 1.57
Hipohloritna kiselina 1.49
Hlor 1.36
Kiseonik 1.20




Oksidacija bromida ozonom i
hidroksil radikalima
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FARMACEUTICI KAO PREKURSORI EMERGENTNIH
DBPs U PROCESIMA SA HLOROM

Enoksacin ClO2 HAA, HAN, A
NN OH THM, HK,
. \\Ng N\ HAL
Hloramfenikol OH OH UV/hlor MCNM,
LN ~ DCNM,
Fleroksaci HsC hlor ili THM, HAA | TCNM
eroksacin 3Gy F g or ili : ,
\j { CIO2 HAN Oy A Cl
= I
P L o O 0]
6] OH
o - Ibuprofen CHs UV/hlor TCM, CH,
Tetraciklini hlor ili TCM, 111-TCP
hloramin DCAcAm, CH OH T ’
DCAN, 3 1,1'DCP,
TCM o) DCAA,
H,C TCAA
Paracetamol H hloramin TCM,
Tri i UV/hl TCM, CH \[( DCAN,
rimetoprim NH., or DCAN ; S DCAcAm,
NS TCNM HO TCAcAm
P
HN™ N Karbamazepin — UV/hlor TCM,
O DCAA,
N TCAA,
Metronidazol / l\\l hloramin TCM, )\ DCAN,
DCAcAm, TCNM
DCAN

HAL-haloacetamidi; HAN-halonitrometani; TCM-hloroform; DCAcAm-

dihloracetamid; TCAcAm-trihloracetamid
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at a full-scale drinking water treatment plant

Marina Sciban® and Jasmina .u"ﬂ'«.gl::zual:::tah

Miladen Popow® Marijana Kragulj Isakowski®, Jelena Molnar JazicP, Aleksandra Tubict, mMalcolm Watson®,
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UTICAJ OZONIZACIJE NA STRUKTURU POM | FORMIRANJE E

Environ Sci Pollut Res (2002} 19:3079 3086
DOT 10.1007/511356-012-08%6-y

INTERNATIONAL CONFERENCE ON CHEMISTRY AND THE ENVIRONMENT IN ZURICH — ICCE 2011

Influence of pH and ozone dose on the content and structure
of haloacetic acid precursors in groundwater

Jelena Molnar « Jasmina Agbaba - BoZo Dalmacija «
Srdan Rongevié¢ - Miljana Prica - Aleksandra Tubié

Raw groundwater: 9.85 + 0.28 mg/L DOC (65% FAF,
14% HAF, hydrophilic NOM 21%)
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Distribution of DOC in the natural organic matter fractions from the
ozonated water at pH 7.5 (a) and pH 10 (b) (3 mg O,/mg DOC)
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Chemical Engineering Journal

(2013) 435-443

Chemical
Engineering
Journa

journal homepage: www.elsevier.com/locatefcej

The effects of matrices and ozone dose on changes in the characteristics @Cmmk

of natural organic matter

Jelena Molnar *, Jasmina Agbaba, BoZo Dalmacija, Aleksandra Tubi¢, Dejan Krémar, SneZana Maletic,

Dragana TomaSevic
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UKLANJANJE CECs IZ PODZEMNE VODE PRIMENOM OZONIZACIJE |
GAU FILTRACIJE — ISTRAZIVANJA NA PILOT POSTROJENJU
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APTEFF, 51, 1-206 (2020) UDC: 582.998.2+581.48]:544.77.054.6:621.928
BIBLID: 1450-7188 (2020) 51. 9-15

DOL: hi s://doi.org/10.2298/APT2051009M
(@) BY-NC-ND ] Original scientific paper

REMOVAL OF NATURAL ORGANIC MATTER AND EMERGING
CONTAMINANTS FROM GROUNDWATER USING OZONATION AND GAC
FILTRATION

Jelena J. Molnar Jazi¢, Marijana M. Kragulj Isakovski, Aleksandra M. Tubi¢, Tamara B.
Apostolovi¢, Malcolm A. Watson, SneZana P. Maleti¢, Jasmina R. Agbaba™

*2 m3/h; water flow through the ozonation column ~ 1300 L/h
* Electric ozone generator - 10 g/h

°0.3-1.0g 03/m3

*Off-ozone underwent destruction via AC

*Water flowing from the retention column was fed to the
GAC adsorber



UKLANJANJE ISPARLJIVIH ORGANSKIH MATERUJA IZ
PODZEMNE VODE PRIMENOM OZONIZACIJE
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FOTOHEMIJSKI AOPS - UVTRETMAN VODE

__________________________________________________________________________________

 Jednostavne i “Ciste” tehnologije,

* isplative za brojne aplikacije,

* dezinfekcija vode;

e Monohromatski

* Polihromatskiizvor zracenja PR
2 200
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reaktora temperaturu

Emisioni spektar UV lampi niskog i srednjeg pritiska i apsorbancija
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Environmental

Sclence & Technology C seamssssw PRIMENA UV AOPs U TRETMANU VODA -
UKLANJANJE PESTICIDA ALAHLORA

PAPER View Article Online

View Journal | View Issue
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:Environmenta\ Science and Pollution Research (2021) 28:59165-59179
: https://doi.org/10.1007/511356-020-09787-w

RECENT DEVELOPMENTS AND INNOVATIVE STRATEGIES IN ENVIRONMENTAL SCIENCES IN EUROPE

‘Application of UV-activated persulfate and peroxymonosulfate
'processes for the degradation of 1,2,3-trichlorobenzene in different
'water matrices

| Tajana Purkic¢’
1Snezana Maleti¢

. Jelena Molnar Jazi¢'
. Jasmina Agbaba’

- Malcolm Watson ' - Bojan Basi¢? - Miljana Prica3

Component 1

Component 1

« UV/S;06% (0,03 mM S,05%)

x UV/ S04 (0,3 mM S,04%)

L1 UVIHSOs (0,03 mM HSOs)
M UV/ HSOs (0,3 MM HSO5)

Check for
updates

- Aleksandra Tubi¢’ -
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TPs of 1,2,3-TCB degradation

PRIMENA UV AOPs U TRETMANU VODA -
UKLANJANJE INDUSTRIJSKIH HEMIKALIJA

(1,2,3-TRIHLORBENZEN)
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Fluence-based and time-based pseudo first-order rate constants
forTCB degradation in synthetic and natural water matrices
using: (a) UV photolysis, (b) UV/H202 (1 mg H202/L), and (c)

UV/H202 (10 mg H202/L).

burki¢, T., Molnar Jazi¢, J., Kragulj Isakovski, M., Maleti¢, S., Tubi¢, A., Dalmacija, B., Agbaba, J. (2019)
Ultraviolet/Hydrogen Peroxide Oxidative Degradation of 1,2,3-Trichlorobenzene: Influence of Water
Matrix and Toxicity Assessment. Environmental Engineering Science, 36(8), 947-957.



PRIMENA UV AOPs UTRETMANU VODA - UKLANJANJE processes “'\"\",!J

SASTOJAKA KREMA ZA SUNCANJE - UV FILTERI

Article

Compound Information Chemical Structure * : . . . . |
Molecular formula: CisH20 . New Insight into the Degradation of Sunscreen Agents in
Molecular weight: 25437 g/mol . Water Treatment Using UV-Driven Advanced i
Density: 1.064 0.06 g/cm? ' Oxidation Processes

4-MBC1!  logKew: 592 . !
B O]JJIIg p oint: 357°C | Tajana Simeti¢, Jasmina Nikié, Marija Ku¢, Dragana Tamindzija, Aleksandra Tubié, Jasmina Agbaba '
’ | d Jelena Mol zié * .
Solubility in water: 1.3mg/L at 20 °C e
Vapor pressure: 1.0x103Paat25°C
Molecular formula: CisH260s
Molecular weight: 290.40 g/mol
Density: 1.005+ 0.07 g/cm3 i
EHMC?  logKew: 6.01 valo/\li\/\cm
Boiling point: 193°C HyCO CH,
Solubility in water: 0.2mg/L at20 °C
Vapor pressure: 1.38 x 10-°Pa at 25 °C
* C - 1 raf; - 2 pafe H H
Data from ACD/ChemSketch; ! reference [48]; 2 reference [49]. E_ 1Zzomer Z_ Izomer
100 y 100 <
(@) <0 | « 9
“ “
g » !I — 80 . !
E 4 N o £ g% s
Q v *] % ¢
[ 4 = ®
3 604 LA T 601 ’
< < '1', w 4
3 Q 3 =] 3 ‘ ". ]
§ 40 o g aw| @
a y = o
3 - ¥
20 3 204 a
4 ° &
1 o
o L n
S S e A A S T g e g
FEEFEEFSE $PEEEESLS
UV fluence mJicm?, UV fluence mJicm?)
Low pressure lam < UV/IPMS (0,03 mM PMS)
R P i F¥alken « UVIPMS (0.3 mM PNS)
V UVHO,(003mMHO) & yvPMSH.0,(0.015 mM PMS + 0.015 mM H.0,)
V UVHO,(03mMHO) @ UV/PMSM.O, (0.15mM PMS + 0.15 mM H.0,)




AOPs kao predtretman otpadne vode mikroalgama i valorizacija biomase
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Zakljuéak

NOM and CECs
MITIGATION

* AOPs se efikasno primenjuju u tretmanu
voda za oksidaciju POM i oksidativnu
razgradnju/uklanjanje organskih
mikropolutanata.

. ' IXINFLUENCE
* SR-AOPs kao alternativa . P
konvencionalnijim HR-AOPs, omogucavaju | '
prevazilazenje izazova usled efekata

matriksa. N Y NGl MR
* Paznja treba da bude usmerena na
, . . GROUNDBREA
pracenje sporednih nusprodukata POTENTIAL FOR'T

oksidativne razgradnje i DBPs tokom WATER TREATME
dezinfekcije i merama za ublazavanje ovih
rizika.

DBPs and EMERGING
DBPS FORMATION






