lenvirochem

KLADOVO 2023

9. SIMPOZI)JUM
HEMIJA | ZASTITA .
ZIVOTNE SREDINE e

&y
L

[ o4

= o8 Y /i

EN“InncII . N |

9" SYMPOSIUM r

ENVIROGHEM2023

4-7. jun 2023. godine, KLADOVO, SRBIJA

BOOK OF ABSTRACTS




9. simpozijum
Hemija 1 zasStita Zivotne sredine

EnviroChem?2023

sa medunarodnim uce$¢em

9™ Symposium
Chemistry and Environmental Protection

EnviroChem2023

with international participation

KNJIGA IZVODA
BOOK OF ABSTRACTS

Kladovo 4-7. jun 2023. godine



ENVIROCHEM2023

KNJIGA IZVODA

9. simpozijum Hemija i zaStita Zivotne sredine

Kladovo, 4-7. jun 2023.

BOOK OF ABSTRACTS

9" Symposium Chemistry and Environmental Protection
Kladovo, 4-7" June 2023

Izdaje/Published by

Srpsko hemijsko drustvo/Serbian Chemical Society

Karnegijeva 4/111, 11000 Beograd, Srbija

tel./fax: +381 11 3370 467; www.shd.org.rs, E-mail: office@shd.org.rs
Za izdavaca/For Publisher

DusSan Sladié, predsednik Srpskog hemijskog drustva

Urednici/Editors
Sanja Zivkovié, Branka Lon¢arevi¢, Minja Bogunovi¢, Gordana Gajica

Slika sa naslovne strane/Photo from cover page
Foto Video Boce

Priprema za Stampu i Stampa/Prepress and printing
Razvojno-istrazivacki centar grafickog inZinjerstva Tehnolosko-metalurskog fakulteta,
Beograd

Tiraz/Circulation
150 primeraka/150 copies

ISBN 978-86-7132-082-5

Informacije i stavovi izneti u ovoj publikaciji su provizorni. Srpsko hemijsko drustvo, urednici i nau¢ni odbor nisu odgovorni
za interpretacije, eventualne posledice i Stamparske greske. The information and the opinions given in this publication are
provisional. Serbian Chemical Society, Editors or Editorial Board are not responsible for any interpretations, their
consequences or typographical errors.


http://www.shd.org.rs/
mailto:Office@shd.org.rs

ENVIROCHEM2023

Drage koleginice i kolege,

Dobrodosli na 9. SIMPOZIJUM Hemija i zastita Zivotne sredine ,, ENVIROCHEM?2023”.

Tradicionalno, ovaj Simpozijum organizuje Sekcija za hemiju Zivotne sredine Srpskog
hemijskog drustva. Tokom svih ovih godina Simpozijum je, menjajuci nazive i samog skupa
i drzave u kojoj se odrzavao, uspeo da ocuva kvalitet i unapredi znacaj koji ima za nauc¢nu
zajednicu, ali 1 za drustvo u celini. IstraZivaci, naucnici i stru¢njaci, koji se bave razlic¢itim
oblastima hemije Zivotne sredine, prepoznali su moguénosti koje Simpozijum pruza, a to je
jedinstvena prilika da sa kolegama razmene svoje ideje, najnovija nau¢na dostignuca ili
tehnoloske inovacije, zbog ¢ega je i broj uc¢esnika tokom godina rastao.

Tako su se na skupu odrzanom 2018. godine u Krusevcu okupili istrazivaci, naucnici i
struénjaci iz raznih oblasti hemije Zivotne sredine i, po tradiciji, iskoristili jedinstvenu
platformu za razmenu ideja, najnovijih nau¢nih dostignuca i tehnoloskih inovacija. Poseban
znacaj imalo je prisustvo lokalne industrije, pre svega Trayal korporacije, koja je na
upecatljiv nacin obelezila ovaj susret. Podstaknuta je komunikacija izmedu nauke, privrede
1 donosioca odluka koji se bave pitanjima zastite Zivotne sredine. OdrZana su 4 plenarna
predavanja i 7 predavanja po pozivu, prezentovano je 13 usmenih saopStenja, 74 posterskih
i 8 studentskih radova (nova kategorija te godine). Kao i sve prethodne skupove i skup u
Krusevcu odlikovao je visok kvalitet prezentovanih radova i prijatna, kolegijalna, atmosfera.

Plenarna predavanja uvek su rezervisana za eminentne naucnike i stru¢njake, kako iz zemlje
tako 1 iz inostranstva. Na prethodnim skupovima ucestvovali su gosti iz raznih delova sveta,
Japana, Rusije, Nemacke, Grcke, Velike Britanije, Rumunije, Slovacke, Ceske, Slovenije,
Crne Gore... Pored redovnih saopstenja i postera, rad na skupovima bio je obogacen
prate¢im mini simpozijumima i okruglim stolovima za koje su uvek birane aktuelne teme.
Ovaj put ¢e u sklopu vecernjeg druzenja u opustenijoj atmosferi biti organizovana dva
Naucna bara na kojima ¢emo posebnu paznju posvetiti upotrebi plastike 1 per- i
polifluoroalkil jedinjenja.

Zelimo da na$im Simpozijumom doprinesemo podizanju svesti u druitvu o zna¢aju hemije
u oblasti zastite zivotne sredine. To je jedino moguce ukoliko se prepozna kljucna uloga
istraZivanja i obrazovanja u ovoj oblasti. Zato Vas pozivamo da nam se pridruzite i da svojim
radom doprinesete nasem zajednickom razvoju.

Vas EnviroChem2023 Tim
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Srpsko hemijsko drustvo
Sekcija za hemiju Zivotne sredine

Ova knjiga sadrzi izvode
dva plenarna predavanja,

Cetiri predavanja po pozivu,
devetnaest usmenih predavanja,
Sesdeset 1 tri posterske prezentacije,
prihvacenih za prezentovanje na
9. simpozijumu Hemija i zaStita zivotne sredine.

A
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This book contains abstracts of
two plenary lectures,
four invited lectures,
nineteen oral presentations,
sixty-three poster presentations,
accepted for presentation at
the 9" Symposium Chemistry and Environmental Protection.

Savetovanje je podrzalo/Supported by

Ministarstvo nauke, tehnolo§kog razvoja i inovacija
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PROGRAM

Nedelja, 4. jun 2023.

Vreme AKktivnost

15:00-18:00 Izlet Fakultativno krs.taren]e brodom ?erdap (Tekija-
Trajanova tabla-Tekija)
17:00-19:00 Registracija

Ponedeljak, 5. jun 2023.

Vreme Tip " Predavac Naslov
prezentacije
08:00- Registracija
09:00-09:15 SVECANO OTVARANJE SIMPOZIJUMA
' ' Vladimir Be$koski/Ivana Ivanéev-Tumbas
» Analiza, sudbina i ponasanje zagadujucih supstanci u Zivotnoj
Sekcija 1 > .
sredini
Predsedavajuci Branimir Jovancic¢evié¢/Jelena Zivancev
Plenarno Jan Synt.hetlc polymers in the
09:15-10:00 redavanie Schwarzbauer, | Environment - new aspects and
p ) RWTH Aachen | analytical challenges
Odredivanje smese 1,4-
Ljubisa benzodiazepina u realnim te¢nim
10:00-10:15 Ignjatovic, uzorcima metodom tecne
FFH, UB hromatografije visokih performansi
(HPLC)
Development of a method based on
solid-phase extraction and ultra-high
' ' Usmene TF, UNS oup p y
. simultaneous analysis of compounds
prezentacije . .
of emerging concern in water
matrices
. Sustainable and cost-effective
Minja roduction of drinking water from
10:30-10:45 Bogunovi¢, | P _ \nKing
eutrophic and micro-polluted water
PMF, UNS . .
using a membrane hybrid process
Konstantin Can Portable X-ray fluorescence
10:45-11:00 Ilijevic, spectroscopy (PXRF) be applied to
HF, UB analysis of TiO2 in food samples?
11:00-12:00 Pauza za kafu/Poster sekcija 1
Predavanje Milos Razvoj i primena LIBS-a kao ekoloski
12:00-12:30 . v g . . . .
po pozivu Momc¢ilovi¢, prihvatljive metode hemijske analize
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VINCA, UB
SneZana . . .
PMF, UNS
Sekcija 2 Remedijacija zagadenih lokaliteta
Predsedavajuci Aleksandra Tubi¢/Gordana Gajica
Vladimir
12:45-13:00 Beskoski, PFAS, vecne hemikalije (ili mozda ne)
HF, UB
Marija . L S
[HTM, UB
Branka Egzopolisaharidi mikroorganizama
13:15-13:30 Loncarevic, koji mogu da degraduju BHET:
[HTM, UB Optimizacija produkcije
13:30-15:00 Pauza*
Sekcija 3 Integracija zelene hemije u zastitu Zivotne sredine
Predsedavajuci Vladimir Beskoski/Jelena Lazi¢
. Milica . . L
15:00-15:30 Predavzi\n]e Balaban, Polimeri Z.a energe.t.sku prlm]em.l.:
po pozivu PMF, UBL Izmedu efikasnosti i zelene hemije
) ) Bojan Radak, | Zelena hemija u primeni - kakve su
15:30-15:45 TMF, UB perspektive?
Sustainable synthesized silver
Usmene . . . Lo
. Nikola nanoparticles using Lythrum salicaria
15:45-16:00 prezentacije Sreckovic, and Salvia pratensis extracts for
PMF, UKG catalytic degradation of methylene
blue
16:00-17:15 Pauza za kafu/Poster sekcije 2 i 3
17:15-18:15 Nauéni bar Per- i polifluorovana i?dil.l]'enia - od izazova do
resSenja
Moderator Vladimir Beskoski
Panelisti Ivana Teodorovi¢, Ivana Ivancev Tumbas, Jelena Zivantev
Sponzor UNI-CHEM
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Utorak, 6. jun 2023.
Vreme Tip .. Predavac Naslov
prezentacije
08:30- Registracija
» Procena rizika, prevencija zagadenja, regulative i misljenje javnosti
Sekcija 4 R .
u oblasti zaStite Zivotne sredine
Predsedavajuci Bojan Radak/Snezana Maleti¢
Ivana L T .
09:00-09:45 13’;:;1 Teodorovié, i:’;;%i‘::;imh hemikalija: gde smo i
. ! PMF, UNS '
Jordana . . .. . ..
Usmena IFVC, UNS !
prezentacija Purda . .
10:00-10:15 Kerkez, \(:Vas;:xitizrels‘eclamatlon risks and
pMF,UNs | °PP
» Hemija Zivotne sredine u razli¢itim obrazovnim programima i
Sekcija 5 s . v: . q & .
projekti EU za istraZivanja u oblasti Zivotne sredine
. PronalaZenje programa finansiranja
Tatjana s : e .
Usmena v Evropske unije za istrazivanja u oblasti
10:15-10:45 y BoZic, - L
prezentacija Hemije Zivotne sredine: Sta treba da
HF, UB
Znate
10:45-11:45 Pauza za kafu/Poster sekcije 4, 5 i 6#
Sekcija 7 Unapredeni tretmani otpadnih tokova i nove tehnologije
Predsedavajuci Ivana Ivancev-Tumbas/Marija LjesSevic¢
. Sanja s . .
tszas | MO | o | Mol e g s
. IMGGE,UB | 'P ’ ’
Adsorpcioni potencijal lignina
12:15-12:30 Vesna Vasic, 1zolov.anc.)g iz stabl]lkel maline zell )
TF, UNS uklanjanje emergentnih zagadujucih
supstanci iz vode
Usmene Emilija Study on the physicochemical
12:30-12:45 rezentaciie Vukicevic, properties of biochar produced by
P ) HF, UB pyrolysis of agricultural waste
. Hidrougljevi dobijeni iz otpadne drvne
Mirjana . . -
.. ., | biomase kao adsorbenti za uklanjanje
12:45-13:00 Petronijevic, .. . .
aktivnih suspstanci odabranih
TF, UNS L Ca
farmaceutika i pesticida iz vode
13:00-14:30 Pauza*
Predsedavajuci Ivana Ivancev-Tumbas/Konstantin Ilijevi¢
Vladana
14:30-15:00 Predavanje Rajakovi¢- | Multifunkcionalni materijali bazirani na
' ' po pozivu Ognjanovié, | primenikoncepta,NULA OTPADA"
GRF, UB
Usmene Dragana Preliminarna ispitivanja primene
15:00-15:15 .. -, L.
prezentacije Luki¢ poljoprivrednog otpada kao
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TF, UNS biosorbenta za uklanjanje emergentnih
zagadujucih supstanci iz vode
Uklanjanje odabranih organskih i
Tijana neorganskih polutanata iz efluenta
15:15-15:30 Marjanovi¢, | postrojenja za precis¢avanje
PMF, UNS komunalne otpadne vode hibridnim
membranskim procesima
15:30-16:30 Pauza za kafu/Poster sekcija 7
17:00-18:00 Naucni bar O0d mikroplastike do bioplastike
Moderator Jasmina Nikodinovi¢-Runi¢
Panelisti Tanja Cirkovié¢ Veli¢kovié, Aleksandra Tubié, Marina Cvijanovié
Sponzor ANALYSIS
19:00- Svecana vecera

#Sekcija 6: Uticaj zagadujucih supstanci na biohemijske procese

Sreda, 7. jun 2023. |

Vreme Aktivnost
09:30- Sastanak Sekcije za zastitu Zivotne sredine
11:00
11:00- Urucenje nagrada za najbolju usmenu prezentaciju i najbolji poster
11:15 simpozijuma
11:15- .
11:30 SVECANO ZATVARAN]JE SIMPOZIJUMA
12:00- Pauza*
12:00- Fakultativna poseta Hidrooelektrane Derdap

*Gostima hotela Perdap rucak je ukljucen u cenu smestaja
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SADRZAJ - SPISAK 1ZLAGANJA

PLENARNA PREDAVANJA
PLENARY LECTURES

Synthetic polymers in the Environment —new aspects
PP-1 and analytical challenges 15-16
J. Schwarzbauer

Svet regulisanih hemikalija: gde smo i kuda idemo?
PP-2 L. Teodorovi¢ 17-18

PREDAVANJA PO POZIVU
INVITED LECTURES

Razvoj i primena LIBS-a kao ekoloski prihvatljive
PPP-1 metode hemijske analize 21-22
M. Mom¢ilovié¢

Polimeri za energetsku primjenu: Izmedu efikasnosti

PPP-2 i zelene hemije 23.24
M. Balaban
Na raskrséu puteva razgradnje plastike i produkcije

PPP-3 biomaterijala 25.26
S. Jeremi¢

Multifunkcionalni materijali bazirani na primeni
PPP-4 koncepta ,NULA OTPADA” 27.28
V. Rajakovi¢-Ognjanovié
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USMENA PREDAVANJA
ORAL PRESENTATIONS

Sekcija 1: Analiza, sudbina i ponaSanje zagadujucih supstanci u Zivotnoj sredini
(4S)

Odredivanje smeSe 1,4-benzodiazepina u realnim
te€nim uzorcima metodom tecne hromatografije

UAS-1 visokih performansi (HPLC) 31-32
Lj. Ignjatovié, N. Purkovi¢, 1. Sredovi¢ Ignjatovié

Development of a method based on solid-phase
extraction and ultra-high performance liquid
chromatography coupled with mass spectrometry for
UAS-2 simultaneous analysis of compounds of emerging 33-34
concern in water matrices

L. Anti¢, J. Zivan&ev, D. Raki¢, M. Buljovci¢, N. Burisi¢-
Mladenovi¢

Development of a method based on solid-phase
extraction and ultra-high performance liquid
chromatography coupled with mass spectrometry for
UAS-3 simultaneous analysis of compounds of emerging 35-36
concern in water matrices

L Anti¢, J. Zivanéev, D. Raki¢, M. Buljov¢ié, N. Purisié¢-
Mladenovi¢

Can Portable X-ray fluorescence spectroscopy
(PXRF) be applied to analysis of TiO:2 in food

UAS-4 samples? 37-38
I. Djeki¢, V. Raki¢, N. Smigic, S. Levi¢, J. Orli¢, K.
Lijevié
Biomass based materials for a toxic free environment

UAS-5 S. Maleti¢, M. Kragulj Isakovski, J. Beljin, T. 39

Apostolovi¢, N. Bukanovi¢, S. Rakanovi¢, S. Roncevié¢

Sekcija 2: Remedijacija zagadenih lokaliteta (REM)

PFAS, ve¢ne hemikalije (ili moZda ne)

K. Kasalica, B. Jimenez, A. Yamamoto, H. Inui, M.
UREM-1 | 1 jezevi¢, N. Radié, G.Gojgi¢-Cvijovié, L. Slavkovi¢ | 4142
Beskoski, J. Radulovi¢, T. Nakano, V.P. Beskoski

Mikrobioloska degradacija bis (2-hidroksietil)-

UREM-2 tereftalata

43-44
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M. Ljesevi¢, B. Loncarevi¢, K. Joksimovic, A.
Zeradanin, B. Panteli¢, G. Gojgi¢-Cvijovié, V.
Beskoski, J. Nikodinovi¢-Runié

Egzopolisaharidi mikroorganizama koji mogu da
degraduju BHET: Optimizacija produkcije
UREM-3 | B. Loncarevi¢, M. LjeSevi¢, K. Joksimovi¢, A. 45-46
Zeradanin, G. Gojgi¢-Cvijovi¢, V. Beskoski, J.
Nikodinovi¢-Runié¢

Sekcija 3: Intergracija zelene hemije u zastitu Zivotne sredine (IZH)

Zelena hemija u primeni - kakve su perspektive?

UIZH-1 B. Radak, V. Beskoski 47-48
Vezivanje ugljenika u zemljiStu, studija slu¢aja na
¢ernozemu

UIZH-2 |, Ninkov, S. Jaksi¢, W. Vogt-Kaute, A. Urankar, M. 49-50

Zivanov, M. Pan, S. Mili¢

Sustainable synthesized silver nanoparticles using
Lythrum salicaria and Salvia pratensis extracts for
catalytic degradation of methylene blue

N. Sreckovi¢, V. Jakovljevi¢, V. Mihailovié¢

UIZH-3 51-52

Sekcija 4: Procena rizika, prevencija zagadenja, regulative i misljenje javnosti u
oblasti zastite Zivotne sredine (PR)

The importance of regulation for a technologically
UPR-1 correct approach to desirable economic activity 53-54
V. Joldzi¢

Wastewater reclamation - risks and opportunities
b. Kerkez, D. Tomasevi¢ Pilipovi¢, A. Leovac

UPR-2 Macerak, D. Kré¢mar, A. Kuli¢ Mandi¢, N. Dudukovi¢, 55-56
M. Beceli¢-Tomin

Sekcija 5: Hemija Zivotne sredine u razli¢itim obrazovnim programima i projekti
EU za istraZivanja u oblasti Zivotne sredine (HOP)

PronalaZenje programa finansiranja Evropske unije

za istraZivanja u oblasti Hemije Zivotne sredine: Sta
UHOP-1 | trepa da znate 57-58

T. Bozié
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Sekcija 7: Unapredeni tretmani otpadnih tokova i nove tehnologije(UT)

Adsorpcioni potencijal lignina izolovanog iz stabljike
maline za uklanjanje emergentnih zagadujucih
supstanci iz vode

UUT-1 V. Vasié, D. Luki¢, I. Antié, J. Zivanéev, M. Séiban, N. 59-60
Durisi¢c-Mladenovi¢, D. Rakié, A. Lourengo, J.
Gominho

Study on the physicochemical properties of biochar
produced by pyrolysis of agricultural waste

UUT-2 E. Vukicevi¢, J. Isailovi¢, D. Savi¢, I. Jovancicevi¢, G. 61-62
Gajica, M. Anti¢, B. Jovancicevi¢, J. Schwarzbauer, V.
Antié¢

Hidrougljevi dobijeni iz otpadne drvne biomase kao
adsorbenti za uklanjanje aktivnih supstanci

UUT-3 odabranih farmaceutika i pesticida iz vode 63-64
M. Petronijevié, S. Panié, V. Vasi¢, D. Kuki¢, 1. Anti¢,
N. DPurisi¢-Mladenovié¢

Preliminarna ispitivanja primene poljoprivrednog
otpada kao biosorbenta za uklanjanje emergentnih
UUT-4 zagadujucih supstanci iz vode 65-66
D. Lukié, V. Vasié, J. Zivangev, 1. Anti¢, M. Buljov¢ic,
N. Burigié-Mladenovi¢, M. Séiban

Uklanjanje odabranih organskih i neorganskih
polutanata iz efluenta postrojenja za preciS¢avanje
komunalne otpadne vode hibridnim membranskim
procesima

T. Marjanovi¢, M. Bogunovié, J. Prodanovi¢, 1.
Ivancev-Tumbas

UUT-5 67-68
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POSTER PREZENTACIJE
POSTER PRESENTATIONS

Sekcija 1: Analiza, sudbina i ponaSanje zagadujucéih supstanci u Zivotnoj sredini

(4S)

PAS-1

Potencijal huminskih Kkiselina i glina u remedijaciji
Zivotne sredine kontaminirane klomazonom

R. Purovié-Pejéev, L.Kaluderovi¢, Lj. Santrié, T.
Pordevié¢, S. Radmanovi¢

71-72

PAS-2

Decreased urinary boron levels as biomarker for
lung adenocarcinoma? Preliminary results among
patients in Vojvodina

N. Milosevié, D. Sazdani¢ Veliki¢, M. Milanovi¢, M.
Sevo, S. Bijelovi¢, J.Sudji, M. gpanovié, J. Drljaca, N.
Mili¢

73

PAS-3

Evaluation of aquatic toxicity potential for six series
of succinimide derivatives: in silico study

N. Milosevi¢, D. Vidovié, M. Milanovi¢, N. Mili¢, N.
Todorovi¢, J. Drljaca, M. Lali¢-Popovi¢, N. Banjac

75-76

PAS-4

Arsenic as environmental pollutant among lung
adenocarcinoma patients in Vojvodina

M. Milanovié, D. Sazdani¢ Veliki¢, N. MiloSevi¢, S.
Bijelovi¢, D.Luki¢, M. Lukié Sarkanovié, J. Drljaca, N.
Mili¢

77

PAS-5

Correlation of experimentally determined
lipophilicity with in silico predicted toxicity on
animal models for new succinimide derivatives
D. Marjanovi¢, M. Milanovi¢, N. Milosevi¢, N.
Todorovi¢, J. Curéi¢, M. Lali¢-Popovi¢, N. Mili¢, N.
Banjac

79-80

PAS-6

Ispitivanje efikasnosti izluZenja olova iz ilovace
M. Udilanovié, A. Ciri¢, V. Krsti¢

81-82

PAS-7

Simplified validation and optimization methods for
determination polychlorinated biphenyls in tuna fish
A.Tasié, I. Pavlovi¢, D. Nikoli¢ , T. Solevi¢ Knudsen, 1.
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Synthetic polymers in the Environment — new aspects and analytical
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J. Schwarzbauer””, I. Jovancicevic', N. Vidovic!, N. al Sandouk-Linke’, C. Schwanen’, O.
Konechnaya', V. Antic?, L.M.Krauskopf'

(1) Laboratory for organic-geochemical Analyses, RWTH Aachen University, Lochnerstrasse 4-20),
Aachen, Germany, (2) Faculty of Agriculture, University of Belgrade,6 Nemanjina Street, Zemun,
Serbia;

“jan.schwarzbauer@emr.rwth-aachen.de

The anthropogenic emission of synthetic polymers dominantly towards the aquatic
ecosystems has gained great attention in the past decade. Due to their high molecular masses,
traditional analytical methods and procedures were not suitable for polymer analyses and,
consequently, new tools had to be developed. This development lasts till now.

The analytical challenges cover specific separation processes, microscopic
approaches, unambiguous identification and quantitative pyrolysis. The problems arising
throughout all individual analytical steps are closely connected to the wide range of physico-
chemical and chemical properties of the macromolecules. Some individual approaches,
specific problems and principal potentials are discussed in this short overview presentation
(e.g. Fig. 1).
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Figure 1. Microplastic particles in three different soil/sediment samples — polymer
composition and particle number per 100g of sample (Konechnaya et al. 2021)
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Further on, in the beginning the environmental and analytical focus was laid on the
plastic particles down to the micro scale. However, the field of application of synthetic
polymers is much wider especially for the water-soluble polymers. Here, the usage in
cosmetics, wastewater treatment, food technology and package industry have to be
mentioned. Very recently, some environmental protection agencies (e.g., in Germany and
the US) became aware about the huge amounts of this polymer fraction and the
corresponding emerging concerns. Also, some examples are discussed in this presentation
(such as PVCL, see Fig. 2).

g-caprolactam {m/z) = 85)

N-vinylcaprolactam (m/z) = 96)

SN | NSOV (SRR GRS
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[l
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Retention time

Figure 2. Specific pyrolysis products of PVCI as measured in sewage water (Vidovic et al.
2022)

Finally, not only fully synthetic polymers are produced and used by humans, also the
chemical modification of natural macromolecules and their technical application are known.
The high similarity of natural and modified polymers is a big challenge in particular for the
identification of these polymer hybrids. A short insight into this topic will also be given.
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Svet regulisanih hemikalija: gde smo i kuda idemo?

Universe of regulated chemicals: where are we now,
and where are we going?

1. Teodorovié"™

(1) Univerzitet u Novom Sadu Prirodno-matematicki fakultet Departman za biologiju i ekologiju,
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*ivana.teodorovic@dbe.uns.ac.rs

Jos davne 2009. godine Rockstrom i sar. [1] su, postavljajuéi u tom trenutku sasvim
nov koncept planetarnih granica za devet klju¢nih antropogenih pritisaka na planetu Zemlju,
konstatovali da hemijsko zagadenje predstavlja jedan od pritisaka za koji uop$te nije moguce
definisati prihvatljive planetarne granice. Kao osnovne razloge navode nedovoljno
poznavanje Stetnih efekata hemikalija u upotrebi, ali i nemoguénost integralne procene rizika
1 uticaja simultanog delovanja desetina hiljada hemikalija na Zivi svet.

Pitamo se kako je to moguce, kada znamo da su jos od Sezdesetih godina proslog veka
uvedene procedure za preventivhu procenu hemijskog rizika, koje se konstantno
usloznjavaju i poostravaju, u skladu sa novim nauc¢nim saznanjima. Saznavali smo o
efektima pojedinacnih supstanci i njihovih smeSa, razvijali metodologije, poostrvali
regulative. Da li je problem u viSedecenijskoj opsednutosti perzistentnim, bioakumulativnim
supstancama, gde polarne i mobilne ostaju ,,ispod radara” jer ne pripadaju ovim hazardnim
klasama, pa se ¢udimo §to su prakti¢no svi vodni resursi kontaminirani bioloski aktivnim
supstancama? Kako je onda moguée da nas i dalje iznenaduju ,,nove” perzistente, ,,vecite”
hemikalije u zivotnoj sredini? Da li su hiljade Zivotinja u regulatirno-uslovljenim testovima
(eko)toksi¢nosti u procesima preventivne procene rizika od hemikalija za ljudsko zdravlje i
ekosisteme Zrtvovane uzalud, ako ispitivanja nisu uspela da ukazu na specifi¢ne mehanizme
toksi¢nog delovanja i negativne posledice na vise nivoe bioloske organizacije? Da li je
savremena nauc¢na metodologija konac¢no prihvacena u regulatornoj (eko)toksikologiji, pa
¢emo primenom specificnih biomarkera, molekulskih tehnika, bioinformatike, ne-
eksperimentalnih metoda i modela u regulatornom kontekstu konacno bolje upoznati efekte
1 preciznije proceniti rizik od hemikalija i njihovih smeSa, pre nego $to ih pustimo u Siroku
upotrebu? Pa da se opet ne ,,zacudimo” kako ,,nove” klase insekticida, koje su pobedonosno
zamenile povucene, dovode do drasti¢nog pada brojnosti populacija i diverziteta oprasivaca
1 ugrozavaju osnovne ekosistemske usluge na koje racunamo? I da nam se konacno vise ne
desava da prekasno otkrivamo da supstance u opstoj upotrebi ili farmaceutski preparati
izazivaju znacajne endokrine, neurotoksi¢ne i druge specifine bioloske efekte sa
negativnim posledicama po Zivi svet, stukturni i funkcionalni integritet ekosistema.

Da li je viSedecenijska segmentiranost procesa preventivne i retrospektivne procene
rizika predstavljala kljucni kamen spoticanja u integraciji upravljanja hemikalijama na
globalnom nivou? Da li je problem i u nedovoljno integrisanom pristupu proceni rizika na
zdravlje ljudi sa jedne, i proceni rizika za zivotnu sredinu sa druge strane? Da li problem lezi
delom i u sektorskom pristupu regulisanim supstancama u zavisnosti od njihove namene i
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nedovoljnoj saradnji izmedu nadleznih agencija? [2] Sta je pokazala opseZna analiza uginka
sektorskog zakonodavstva u Evropskoj Uniji po pitanju integrisanog upravljanja
regulisanim hemikalijama? Kako se u politike i postojeci regulatorni okvir uklapaju (ili
mozda obrnuto?) ambiciozne strategije poput Zelene Agende i dr. Da li ¢e i kako predlozene
promene politika upravljanja hemikalijama doprineti boljem upravljanju i zastiti Zivotne
sredine od hemijskog zagadenja?

Nedavno je objavljen prvi globalan izvestaj [3] u kome su zagadenje i otpad
eksplicitno navedeni kao jedan od tri (uz klimatske promene i gubitak biodiverziteta) klju¢na
problema danasnjice. Ali za razliku od klimatskih promena i biodiverziteta, koji su predmet
rada internacionalnih panela ve¢ godinama (IPCC - Intergovernmental Panel on Climate
Change, odnosno IPBES biodivIntergovernmental Science—Policy Platform on Biodiversity
and Ecosystem Services), institucionalizacija okvira za internacionalno delovanje u oblasti
zagadenja je tek u povoju. Da li smo zakasnili? Da 1i je neodrziv porast broja i koli¢ina
upotrebljenih hemikalija u prethodnim decenijama odavno prevazisao kapacitet Covecanstva
da ih prati u zivotnoj sredini, proceni rizike i uticaj [2] a kamoli sanira posledice?

Literatura

1. Rockstrom, J., Steffen, W., Noone, K., Persson, A., Chapin, F.S.I., Lambin, E.,
Lenton, T.M.. Scheffer, M., Folke, C., Schellnhuber, H.J., Nykvist, B., de Wit, C.
A., Hughes, T., van der Leeuw, S., Rodhe, H., Sorlin, S., Snyder, P.K., Costanza,
R., Svedin, U., Falkenmark, M., Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J.,
Walker, B., Liverman, D., Richardson, K., Crutzen, P., Foley, J. Ecol. Soc.14 (2)
(2009) 32.

2. Brack W., Barcelo Culleres D., Boxall A.B., Budzinski H., Castiglioni S., Covaci
A., Dulio V., Escher B.I., Fantke P., Kandie F., Fatta-Kassinos D., Hernandez F.J.,
Hilscherova K., Hollender J., Hollert H., Jahnke A., Kasprzyk-Hordern B., Khan
S.J., Kortenkamp A., Kiimmerer K., Lalonde B., Lamoree M.H., Levi Y., Martin
P.A.L., Montagner C.C., Mougin C., Msagati T., Ochlmann J., Posthuma L., Reid
M., Reinhard M., Richardson S.D., Rostkowski P., Schymanski E., SchneiderF.,
Slobodnik J., Shibata Y., Snyder S.A., Fabriz Sodré F., Teodorovic I., Thomas K. V.,
Umbuzeiro G.A., Viet P.H., Gin Yew-Hoong K., Zhang X., Zuccato E. Env. Sci.
Eur.34 (21) (2022).

3. United Nations Environment Programme (2021) Making peace with nature. https://
www. unep. org/ resources/ making-peace-nature

4. Persson, L., Carney Almroth, B.M., Collins, C.D., Cornell, S., de Wit, C.A.,
Diamond, M.L., Fantke, P., Hassellov, M., MacLeod, M., Ryberg, M.W., Jorgensen,
P.S., Villarrubia-Gémez, P., Wang, Z. Hauschild, M.Z. Environ. Sci. Technol. 56
(2022) 1510-1521.
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Pa3Boj u npumena LIBS-a kao eko/I01IKN NPUXBAT/LUBE METO/AE XeMHjCKe
aHaiuze

Development and application of LIBS as an environmentally friendly method
of chemical analysis

M. Momuunosuh”, J. [lemiposuh’, M. Pagenxosuh’', J. Luianoeuh', C. XKuexoeuh'

(1) Jlabopaitiopuja 3a usuuxy xemujy, Hnciiuiiyit 3a Hykieapre Hayke ~’Bunua”’ - Huciuityii og
HayuonanHol 3Hauaja 3a Peiyoauxy Cpoujy, Ynueepsuitieii y beoipagy, Muxke Ilewiposuha Anaca
12-14 11351 Bunua, beoipag, Cpouja;

*milos@vinca.rs

CriekTpocKomnuja JacepcKy WHAYKOBaHE TuIa3Me, 1mo3Hara 1o akpoHumy LIBS (eHr.
Laser Induced Breakdown Spectroscopy) je caBpeMeHa MeTOJa OITHYKE EMHCHOHE
CIEKTPOCKOITHje HaMemheHa NCIITHBAKY cacTaBa MarepHjaia. Kama ce macepcku UMITyIc
¢dokycupa Ha Marepujal KOjH je TMpeAMET WCIUTHBamka, JOJIa3d JIO CepHje
(U3MIKOXEMHUjCKUX TIpoIeca KOj! MPH JOBOJFHO BEJIMKHM TyCTHHAMa JlacepcKe eHEepruje
reHepumry mazMy. OBa Iuta3Ma cacTOjH Cce Off eKCIIMTOBAaHHMX aToMa, joHa M MOJEKyIa
03payeHor MaTepHjajia KOju MPUIMKOM pellakcallje eMUTY]y KapaKTePUCTHUHO 3payeHe.
CroekTpanHa aHaln3a €MHTOBAaHOT 3padema oMoryhaBa Ipe CBera CIIEMEHTHY alld U
MOJIEKYJICKY ¥ H30TONCKY aHanu3y wmarepujaia. Wako je mpeu LIBS excnepument
cipoBeneH 1962. roauHe, HEMOCPEAHO HAaKOH OTKpuha Jacepa, TEK y MOCIEOHHX Map
JelIeHrja, ca yOp3aHUM Pa3BOjeM JIACEPCKUX CHCTEMa M CHCTEMa 3a JAETEKLHjy CBETIOCTH,
LIBS nocraje ,,3Be3712 y YCIIOHY™’ XeMHjCKE aHAIH3E.

3axBaspyjyhu jeTUHCTBEHUM KapaKTepHCTUKaMa OBa JIacepCKa TEXHOJIOTHja Halllia je
OpojHY M Pa3HOBPCHY IPHUMEHY, O HHIAYCTPHje, 3aIITUTE KUBOTHE CpeluHe, (POpeH3HKeE,
OMOMeNUIIMHE N0 CBEMHUPCKUX HUCTpakuBamba. OHO IITO je YMUHH jEeAWHCTBEHOM je
MoryhHocT Op3e, OSCKOHTAKTHE JIETEKIHje CBUX XEMHJjCKUX eJeMeHaTa U3 TEePHOIHOT
cucTeMa 0e3 orpaHrueHka y TIOTJIeAy BPCTE MaTepHjajia HiTd arperaTHor CTama, 0e3 Win ca
MHUHHAMAJIHOM TIPHIIPEMOM Y30pKa, 0e3 ymorpede MOZAaTHUX XEMHKalHja M TeHepucama
XEMHJCKOT OTIaaa, y3 MOTYNhHOCTH MOBPIIMHCKOT Mamupama W aHal|3e y3opaka Io
nyounu. [Topen Tora, oBa TEXHHKA je MUHUMAITHO JISCTPYKTHBHA a Maca y30pKa MOTpeOHa
3a aHAJIK3Y je pella BeTHYHHE MUKPOTpaMa U Marba.

OBy TeXHHKYy TCHEpATHO KapaKTepHIIe BelNnKa (QIEKCHOMIHOCT Yy TOTJICTy
eKCIIepUMEHTAJIHE TIOCTaBKe, n300pa Jlacepa U BpcTe neTekTopa. Hajuenrhe, komepiujaiHo
noctynHe LIBS xondurypauuje cacroje ce ox Nd: YAG nacepa, crnekTpomMeTpa H
JIETEKTOpa ca BPEMEHCKOM pe3onynujoM. Y okBupy JlabGopaTopuje 3a QU3MUKY XeMUjy
WucturyTra Bunya pasBujeH je opuruHanau LIBS cucteM koju Kao eKCIMTAIlMOHU U3BOP
KOPUCTH YTIJbeH-AHOKCcUAHU Jacep [1]. OBaj uMITyJICHH, HaHOCEKYHIHHU Jacep, KOoju je
Takohe pa3BHjeH M KOHCTpyHcaH y Hamoj JlabopaTopuju, pagyl y BUCOKO MYITHMOITHOM
peXHUMY U eMHTYje 3pauerhe y nHppanpBeHoM Jeny crekTpa Ha 10,6 um. 3a pa3nuky ox
KOMEpLHUjaIHUX KOH(Urypaluja y KojuMa ce KOPHCTH BPEMEHCKO pa3jiarame CUrHaia, y
OBOj EKCIEpHUMEHTAIHO] IOCTaBIM CE 3a METEKIHjy EMICHOHOT CHTHaja HpUMEyje
QITEPHATUBHU IPUCTYH T3B. BPEMEHCKH - MHTETPajbeHAa MPOCTOPHO - PpAa3sIoKCHA
cnektpockomnuja (eHr. Time Integrated Spatially Resolved Spectrosopy, TISR).
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Anamutnake MoryhHoctm pasBujeHor LIBS-a wucnmurane cy kxopumthemem
Pa3IMYUTHX BPCTa MaTepHjalia: MeTajla U METATHMX Jierypa [1-2], mpamkacTux OHJBHHUX
y3opaka [3-4], crakna [5], monmmepa [6]. JloOuWjeHH pe3yaTaTd cy TOKa3ald Ja Cy
aHamuTHuke mepdopmance paspujeHor LIBS cucrema, y morieay CelIeKTHBHOCTH,
OCETJbMBOCTH U I'paHUIA JIETEKIUje, YIIOPEAbUBE, a 32 HEKE MaTepHjaie U 00Jbe Y 0OJHOCY
Ha Hajuenhe kopuinhene LIBS kondurypanuje koje ykibyuyjy ynorpedy Nd: YAG nacepa
U BPEMEHCKY Pe30JIyLjy curHana. McToBpeMeHo, 3axBajbyjyhn MHOTO HIDKO] LIEHH LIEJIOT
cUcTeMa Kao U YIJbeH-IUOKCHIHOM Jacepy KOjH je MOTIyHO Oe30IacaH 3a oreparepa, 0Baj
LIBS cuctem je y HajBehoj Mepu y CKiIagy ca MPOKIAMOBAaHMM NPUHLMIIUMA 3eJIeHE
aHAJIMTHUKE XeMuje [7], Koju pa3MaTpajy KOMIUIETaH aHAINTHYKH MIPOLIEC, O] y30PKOBambka,
IIPEKO MIPUIpPEME A0 CaMOT Tpolieca aHaIu3e.

JIntepartypa

1. Momcilovic, M., Kuzmanovic, M., Rankovic, D., Ciganovic, J., Stoiljkovic, M.,
Savovic, J., Trtica, M. Appl. Spectrosc. 69 (2015) 419-429.

2. Zivkovic S., Savovic J., Trtica M., Mutic J., Momcilovic M. J. Alloy. Comp.700
(2017) 175-184.

3. Zivkovic S., Momcilovic M., Staicu A., Mutic J., Trtica M., Savovic J. Spectrochim.
Acta B 128 (2017) 22-29.

4. Zivkovic S., Savovic J., Kuzmanovic M., Petrovic J., Momcilovic M. Microchem.
J. 137 (2018) 410-417.

5. Moméilovi¢, M., Zivkovié, S., Petrovié, J., Cvijovi¢-Alagi¢, 1., Ciganovi¢, J. Appl.
Phys. B-Lasers. 80 (2019) 222.

6. Momcilovi¢, M., Petrovi¢, J., Nemoda, M., Ciganovi¢, J., Krstulovié, N.,
Ognjanovi¢, M., Zivkovié, S. Appl. Phys. B-Lasers 129 (2023) 62.

7. Gatuszka A., Migaszewski Z., Namiesnik J. 7rAC 50 (2013) 78-84.

3axBaJTHHIA - OBa HCTPaXKMBaa Cy HOAPKAHA O CTpaHe MUHHCTapCTBA Hayke, TEXHOJIOMKOT Pa3Boja ’
nHoBanuja (0poj yroopa 451-03-47/2023-01/200017).
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Polimeri za energetsku primjenu: Izmedu efikasnosti i zelene hemije

Polymers for energy application: Between efficiency and green chemistry
M. Balaban'

(1) Univerzitet u Banjoj Luci, Prirodno-matematicki fakultet, Mladena Stojanovica 2, Banja Luka,
Bosna i Hercegovina;

*milica.balaban@pmf-unibl.org

Polimerni materijali danas su nezamjenjivi za odrzivu primjenu u djelatnostima kao
§to su transport, pakovanje, zdravstvo, gradevinarstvo i druge. Ipak, viSedecenijska
intenzivna upotreba dovela je do trenutno veoma aktuelnih ekoloskih izazova, koji se odnose
kako na procese proizvodnje i prerade monomera i polimera, tako i fabrikacije gotovih
proizvoda, a na kraju i na problem odlaganja polimernog otpada i njegove sudbine u Zivotnoj
sredini. S tim u vezi, usvajanje paradigme odrzivosti i primjene principa zelene hemije u
nauci o polimerima, fokusira se na tri glavna pravca koja ukljucuju $to sveobuhvatniju
reciklazu, proizvodnju biodegradabilnih materijala za proizvode Siroke upotrebe i koriStenje
biomase i drugih otpadnih materijala kao sirovinske baze za proizvodnju monomera.

S druge strane, intenzivna istrazivanja novih tehnologija, posebno u oblasti
elektronskih uredaja i obnovljivih izvora energije u posljednjih petnaest godina dovela su do
potpuno novih primjena polimera kao kljuénih materijala za konverziju i skladistenje
energije. Nova generacija ovih uredaja zasnovana je razvoju organskih provodnika i
poluprovodika, u prvom redu poluprovodnickih polimera, koji se zahvaljuju¢ih dobrim
optickim i elektri¢nim svojstvima danas koriste u organskim solarnim c¢elijama (OSC),
organskim svijetle¢im diodama (OLED), organskim tranzistorima sa efektom polja (OFET),
te u fleksibilnim i elasti¢nim elektronskim uredajima. Glavne prednosti poluprovodnickih
polimera u odnosu na neorganske poluprovodnike su pristupacan izvor sirovina i moguénost
obrade u rastvoru, kao i fleksibilnost, te moguénost fabrikacije tankih filmova. Provodljivost
ove relativno male grupe polimera zasniva se na prisustvu konjugovanih dvostrukih veza ili
aromati¢nih struktura na bazi fenilena, naftalena, antracena, pirola i tiofena, a njihova
elektricna svojstva se daljim modifikacijama mogu znatno unaprijediti.

Napredak u oblasti organskih poluprovodnika bazira se kako na dizajnu i sintezi
novih, do sada nepoznatih materijala, tako i na modifikaciji i poboljSanju svojstava veé
poznatih polimera, kako bi se zadovoljili zahtjevi savremenih tehnoloskih rjeSenja. Jedan od
novijih pristupa podrazumijeva takode i potragu za potencijalnim novim primjenama vec
postojecih, dobro definisanih, nerijetko komercijalnih polimera kao aditiva za unapredenje
karakteristika i performansi organskih i hibridnih elektronskih uredaja, tipa perovskitnih
solarnih ¢elija [1]. Medutim, sa aspekta zivotne sredine ozbiljno ograni¢enje za Siru
primjenu ovih materijala je to $to njihova sinteza Cesto zahtijeva veliki broj koraka i
prisustvo stehiometrijske koli¢ine toksi¢nih metalnih reagensa.

23


mailto:*milica.balaban@pmf.unibl.org
mailto:*milica.balaban@pmf.unibl.org

ENVIROCHEM2023

U ovom radu diskutovaée se prednosti i nedostaci organskih i hibridnih solarnih
¢elija zasnovanih na polimernim strukturama, kao i nacini primjene razlic¢itih polimernih
materijala kao aditiva za modifikaciju svojstava [2]. Na kraju ¢e biti dat pregled
potencijalnih Stetnih efekata koje ovakvi materijali imaju na zivotnu sredinu, te alternativnih
zelenih puteva za njihovu sintezu.

Literatura

1. Kim, K., Han, J., Maruyama, S., Balaban, M., Jeon, 1. Sol. RRL, 5 (2021) 2000783.

2. Han, T. H., Zhao, Y., Yoon, J., Woo, J. Y., Cho, E. H., Kim, W. D., Lee, C., Choi,
J.-M., Han, J., Nam, J.-S., Wang, K., Priya, S., Balaban, M., Yang, Y. Adv. Funct.
Mater. 32 (2022) 2207142.

Zahvalnica - Ovaj rad je uraden uz podrsku Matsumae International Foundation, Japan i Ministarstva za
nauénotehnoloski razvoj, visoko obrazovanje i informaciono dru$tvo Republike Srpske (19.032/961-76/19).
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Na raskrséu puteva razgradnje plastike i produkcije biomaterijala

Crossing roads of plastic degradation and biomaterial production

S. Jeremié!

(1) Institut za molekularnu genetiku i geneticko inzenjerstvo, Univerzitet u Beogradu
Vojvode Stepe 444a, 11042 Beograd 152, Srbija;

sanjajeremic@imgge.bg.ac.rs

lako je ve¢ citav vek prisutna u zivotima ljudi, plastika je i dalje jedan od
najraznovrsnijih, najéesc¢e proizvodenih i koris¢enih materijala. Nekada najveca prednost
plastike — izdrzljivost — danas predstavlja veliki problem, jer je Cini teSko razgradivim
materijalom koji se gomila u Zivotnoj sredini [1]. Najces¢e koriS¢en pristup za odlaganje
ovog polimera je deponovanje, koje je pored ekoloske pretnje ujedno i ekonomski izazov,
jer se ovakvim odlaganjem plastike gubi ulozena energija i moguénost za ponovnu upotrebu
materijala. Sa druge strane, bioloski proces, zasnovan na enzimskoj razgradnji, pruza
nekoliko prednosti: blage uslove, nizak utroSak energije, i odsustvo opasnih hemikalija [2].
Poseban znacaj enzimske razgradnje plastike je Sto obezbeduje niz metabolita - polaznih
jedinjenja za proizvodnju novih vrednih polimera [3], ¢ime se doprinosi uspostavljanju
cirkularne ekonomije kada su u pitanju plasti¢ni materijali.

Paralelno sa razvijanjem i unapredivanjem bioloskih pristupa u razgradnji plasti¢nog
otpada, istrazuju se 1 ekoloski prihvatljivi materijali koji bi mogli zameniti plastiku, kao §to
je biorazgradiv biopolimer - bakterijska nanoceluloza (Slika 1). Zahvaljujuéi svojim
izvanrednim svojstvima kao $to su mehanicka ¢vrstoca, hidrofilnost, biokompatibilnost,
obnovljivost i netoksi¢nost, bakterijska nanocelloza ima potencijal za primenu u razli¢itim
granama industrije [4]. Medutim, produkcija bakterijske nanoceluloze na industrijskoj skali
je otezana visokom cenom medijuma za rast bakterija proizvodaca. 1z tog razloga su svetska
istrazivanja poslednjih godina usmerena na optimizaciju produkcije bakterijske
nanoceluloze koriSéenjem razlicitih vrsta otpada [5].

Istrazivanja Grupe za eko-biotehnologiju i razvoj lekova, Instituta za molekularnu
genetiku i genetiCko inZenjerstvo nalaze se upravo na raskrsnici puteva enzimske razgradnje
razli¢itih plasti¢énih materijala i puta produkcije bakterijske nanoceluloze. Oslanjajuci se na
potencijal bakterija i njihovih enzima uspostavljen je proces za razgradnju polimera kao §to
su poli(mlecna kiselina) (PLA), kompoziti polietilen teraftalata (PET) , kao i kompleksne
smese razli¢itih polimera. Dobijeni hidrolizati su zatim iskoris¢eni kao medijum za rast
bakterije proizvodaca nanoceluloze, a metaboliti nastali biorazgradnjom polimera kao
gradivne jedinice za bakterijsku nanocelulozu (Slika 1). Potvrdeno je da primena
alternativnog medijuma za rast bakterije proizvodaca ne uti¢e na izuzetne karakteristike
ovog biopolimera, $to otvara mogucnost za dalju optimizaciju i unapredenje predloZzenih
procesa i uvodenje cirkularne ekonomije u upravljanje plasti¢nim otpadom.
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Slika 1. Bakterijska nanoceluloza: a) kontrolni uzorak, sa puferom umesto medijuma
za rast bakterije; b) hidrolizat nakon enzimske razgradnje PLA kao medijum za rast
bakterije — nanoceluloza na vrhu hidrolizata
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Multifunkcionalni materijali bazirani na primeni koncepta
»NULA OTPADA”
Multifunctional materials based on the application of the
"ZERO WASTE" concept

V. N. Rajakovi¢-Ognjanovié””, B. Leki¢!, Z. Naunovié!, O. Govedarica', D. Zaki¢', A. Radevié', A.
Savié!, M. Askrabié’, T. Vulié’, M. Hadnadev-Kosti&’, D. Karanovié?

(1) Gradevinski fakultet, Univerzitet u Beogradu, Bulevar kralja Aleksandra 73, 11 000 Beograd,
(2) Tehnoloski fakultet Novi Sad, Univerzitet u Novom Sadu, Bulevar Cara Lazara 1, 21 000 Novi
Sad;
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U radu je prikazan razvoj multifunkcionalnog poroznog materija (MFPM) koji ima
viSestruku ulogu za zastitu od gradskih poplava i istovremeno uklanjanje zagadujucih
materija iz atmosferskih voda (Slika 1). Koncept kori$¢enja otpadnih materijala uz nastanak
novih, korisnih materijala predstavlja primenu koncepta nultog otpada. U radu ¢e biti
detaljno opisana i predstavljena ideja koja se bazira na unapredenju postoje¢ih materijala
koji se koriste za upravljanje poplavama u gradovima, odnosno unapredeno reSavanje
odvodenja vode, u urbanim sredinama. Iz nauéne i inzenjerske perspektive, u pitanju je rad
multifunkcionalnog prototipa poroznog materija za zastitu od gradskih poplava i
istovremeno uklanjanje zagadujuéih materija iz atmosferskih voda.

Kljucne reci: preciS¢avanje vode, otpadni materijali, koncept ,,nula-otpada”.

e & Ty

Slika 1. Put ka proizvodnji i karakterizaciji MFPM
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2.  Winston, R.J., Arend, K., Dorsey, J.D., Hunt, W.F. Blue-Green Syst. 2 (2020) 91.
Sambito, M., Severino, A., Freni, G., Neduzha, L. Sustainability 13 (2021) 4509.
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Odredivanje smeSe 1,4-benzodiazepina u realnim te¢nim uzorcima metodom
te¢ne hromatografije visokih performansi (HPLC)

Determination of 1,4-benzodiazepines mixture in real liquid samples by high-
performace liquid chromatography (HPLC)

Lj. Ignjatovi¢"*, N. Purkovié!, 1. Sredovi¢ Ignjatovié?

(1) Univerzitet u Beogradu — Fakultet za fizicku hemiju, Studentski trg 12-16, Beograd, Srbija, (2)
Univerzitet u Beogradu — Poljoprivredni fakultet, Nemanjina 6, Beograd, Srbija;

*liignjatovic@ffh.bg.ac.rs

1,4-benzodiazepini predstavljaju grupu lekova, anksiolitika, sedativa i hipnotika, koji
su zbog svojih brojnih farmakoloskih efekata nasli Siroku primenu u medicini [1]. Prema
podacima Instituta za javno zdravlje Srbije ,,.Dr Milan Jovanovi¢ Batut”, u periodu od 12
meseci lekove iz grupe anksiolitika, sedativa 1 hipnotika uzimalo je 22,4 % ispitanika. Manje
od 10 % benzodiazepina unetog u organizam se izlucuje u neizmenjenom obliku urinom, a
viSe od 90 % preko njihovih metabolita [1].

Ovim istraZzivanjem je optimizovana HPLC metoda za odredivanje bromazepama,
lorazepama i diazepama u tabletama, smeSama u uzorcima recne vode i u sintetiCkom urinu.
Strukturne formule ispitivanih 1,4-benzodiazepina prikazane su na slici 1:

H.C
&Y o

N\/g
Cl . =N

(a) (b) (c)
Slika 1. Ispitivani 1,4-benzodiazepini: a) bromazepam, b) lorazepam i ¢) diazepam

Izvrsena je modifikacija postoje¢ih HPLC metoda [2], optimizacija i validacija pri
¢emu su slede¢i uslovi i parametri dali najbolje rezultate: razdvajanje je izvrSeno izokratski
na Bischoff Prontosil C18 AQ Plus (150 x 4,6 mm, 5 pm, 120 A) koloni uz eluent 0,05 M
vodeni rastvor NH4H,POs/metanol (50:50, v/v), pH 6,80. Protok eluenta od 1,3 mL/min. je
ostvaren pomoc¢u pumpe visokog pritiska (Bischoff HPLC pumpa, 2250) Komponente
smese su detektovane UV detektorom (Bischoff, 1010) na talasnoj duzini od 269 nm, koja
je prethodnim spektrofotometrijskim merenjima izabrana kao optimalna za sva ispitivana
jedinjenja. Injektovano je 20 pL rastvora uzorka/standarda.

Radni standardni rastvori ispitivanih benzodiazepina (Hemofarm, VrSac) u metanolu
(Fluka) su bili u opsegu 1,0 — 50,0 mg/L u kojem je utvrdena linearna zavisnost povrsine
pika (A) i1 koncentracije (C, mg/L), kao $to je prikazano u tabeli 1. Odnos intenziteta
signal/Sum vrednosti 3 10 dobiven je pri koncentracijama od 0,8 mg/L (granica detekcije) i
3 mg/L (granica kvantifikacije). U tabeli 2 prikazani su rezultati analize realnih uzoraka.
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Tabela 1. Kalibracioni

odaci ispitivanih 1,4-benzodiazepina
Jedinjenje Ukupno Jednacina kalibracione Koeficijent
retenciono prave korelacije, R
vreme (min.)
Bromazepam 6,335 Q=0,963428xA-43,2656 1,0000
Lorazepam 9,522 Q=1,60822xA-77,7321 0,9999
Diazepam 19,914 Q=0,872005xA+89,6979 0,9993

Na slici 2 prikazani su hromatogrami smese ispitivanih jedinjenja u ’spajkovanim”
uzorcima rec¢ne vode i sintetiCkom urinu, pri ¢emu su uzorci pripremljeni filtriranjem kroz
membranski najlonski filter 0,45 pm:
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Slika 2. Hromatogrami smese 1,4-benzodiazepina dodatih u: @) re¢nu vodu i b)
sinteticki urin

Tabela 2: Vrednosti Recovery-testa kod ispitivanja 1,4-benzodiazepina u tabletnim
formama razli¢itih proizvodaca, u re¢noj vodi i sintetickom urinu

Jedinjenje Ocekivana Izmerena koncentracija (mg/L) Recovery (%)
koncentracija
(mg/L) Tablete Recna Sinteticki T 14 U
(T) voda (V) | urin (U)
Bromazepam 18,75 19,10 19,45 20,04 102 | 104 | 107
Lorazepam 18,75 18,15 17,65 17,20 97 94 | 92
Diazepam 37,50 37,82 38,50 39,33 101 | 103 | 105

Prema zahtevima FDA prihvatljive su vrednosti recovery testa za sadrzaj aktivnih
farmaceutskih supstanci u ¢vrstim formama prihvatljive vrednosti su od 95 % do 105 %, $to
znaci da predstavljena metoda zadovoljava ovaj zahtev.
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Development of a method based on solid-phase extraction and ultra-high
performance liquid chromatography coupled with mass spectrometry for
simultaneous analysis of compounds of emerging concern in water matrices
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The contamination of fresh water is a global concern. Continuous release of natural
and anthropogenic organic substances, among them compounds of emerging concerns
(CECs), into the aquatic environment pose a threat to aquatic organisms and humans. CECs
represent the specific organic pollutants not considered under the European Union Directives
(e.g. Directive 2013/39/EU) with the exception of substances and/or classes of substances
listed under Watch Lists [1]. These compounds include “life-style” products, industrial
chemicals, food additives, personal care products, active pharmaceutical ingredients,
pesticides in current use, etc. Mass spectrometry in combination with liquid and gas
chromatography represents the method of choice for CECs analysis due to the specificity
and sensitivity and consequent undoubted identification and quantification with very low
method detection limits [2]. For the CECs extraction and efficient reduction of interferences
and matrix effects solid-phase extraction (SPE) is the most widely used technique [3].

The aim of this study was the development and validation of sample preparation and
instrumental analysis method based on SPE and ultra-high performance liquid
chromatography coupled with tandem mass spectrometry (UHPLC-MS/MS) for
simultaneous analysis of selected CECs from water. For this purpose, the model water
solution containing CECs was prepared - 20 pharmaceutically active compounds belonging
to the groups of analgesics and antipyretics, antibiotics, non-steroidal anti-inflammatory
drugs (NSAIDs), diuretic drugs as well as 16 pesticides in current use belonging to the group
of herbicides, insecticide, fungicides, etc. Sample preparation was based on universal
polymeric reversed-phase sorbent (Oasis HLB cartridges, 200 mg) that was developed for
the extraction of a wide range of acidic, basic, and neutral compounds from various matrices.
Conditioning of SPE cartridges was carried out with methanol (MeOH) and water followed
by the application of 200 mL CECs model solution. After the sorbent washing and drying
steps, compounds of interest were eluted with 8 mL of MeOH. The eluent was evaporated
to dryness and reconstituted in 1 ml of the first gradient phase used for chromatographic
separation. For the efficient chromatographic separation of matrix components including
CECs, a Hypersil GOLD column (500 mm x 2.1 mm i.d., 1.9 pm particle size) was used.
For the chromatographic separation, the used mobile phases were water containing 5 mM
ammonium acetate and 0.1% (v/v) formic acid and methanol (without the addition of salts
and acids), operated at a flow rate of 400 pL/min. MS detection was performed with a TSQ
Vantage™ triple-stage mass spectrometer connected to UHPLC by heated electrospray
(HESI) probe operated in both positive and negative ionization modes. Optimization of MS
parameters (finding the parent and product masses, collision energies, S-lens) in multiple
reaction monitoring (MRM) mode was carried out by direct MS infusion of working
standard solutions of each compound at the concentration of 1 ug/mL.
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During the method validation the following validation parameters were evaluated,
instrumental linearity of calibration curves (R?), method quantification limits (MQLSs), the
efficiency of extraction (recovery), and precision (intra- and inter-day precision).

In total, 36 CECs were investigated. Satisfactory instrumental linearity of calibration curves
(R?>0.990) was obtained for all investigated compounds. Method quantification limits were
in the range from 0.20 to 10 ng/L (for the majority of the analytes MQLs were lower than
1 ng/L) which are reliable results for the application of the method for CECs quantification
in environmental matrices [3]. For 25 compounds the efficiency of extraction was in the
range from 60 to 120 % while only 5 compounds showed an efficiency of extraction lower
than 20 %. The lower recoveries for some compounds were expected as the model water
solution consisted of CECs belonging to the different classes of pharmaceutically active
compounds and pesticides with different physicochemical properties. This is clearly visible
by observing the retention times of compounds which were in the range from 1.09 (for the
most polar compound) to 4.70 min (for the most nonpolar compound). Repeatability and
reproducibility of the method were proved as the intra- and inter-day precision was in all
cases lower than 15 %.

Based on the obtained results, the developed method can be used for selected CECs
determination in water matrices as the validation parameters were in the same range as the
previously published results from similar studies. Additionally, the validation parameters
must be checked by analysis of real water samples (surface and wastewaters) spiked with
CECs where the influence of matrix components is more pronounced than in ultra-pure water
used for the preparation of the CECs model solution.
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and micro-polluted water using a membrane hybrid process
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The contamination of water bodies with micropollutants that cannot be removed by
conventional wastewater treatment and the occurrence of algal blooms caused by nutrient
emissions to water bodies pose challenges to drinking water supplies. Thus, micropollutants
are now ubiquitous, and their presence in aquatic environment has been documented in
numerous studies [1]. Drinking water treatment techniques such as flocculation, sand
filtration and chlorination can if at all only partially remove micropollutants [2] and activated
carbon filtration and/or ozonation are recommended. The so-called “hybrid process” in
which ultrafiltration (UF) is coupled with the dosage of powdered activated carbon (PAC),
offers an innovative solution for provision of hygienically safe water and for the removal of
micropollutants and algae toxins in just one process. The benefits of this UF/PAC process
become even more evident when new, environmentally friendly adsorbents produced from
water treatment residues are used instead of regular PAC, and when it is additionally
combined with flocculation to remove phosphorus. Implementation and optimization of this
process is the main objective of a joint project titled “Sustainable and cost-effective
production of drinking water from eutrophic and micro-polluted water using a membrane
hybrid process” realized by the teams of the University of Duisburg-Essen (Germany),
Department of Process Engineering/Water Technology and the University of Novi Sad,
Faculty of Sciences (Department of Chemistry, Biochemistry and Environmental Protection
and Department of Biology and Ecology).

In order to optimize the UF/PAC process also for the removal of algae and algal
toxins, the Serbian partners have started to survey algal populations in various Serbian
freshwater resources to determine the predominant algal groups.

Seasonal monitoring of algal genera in three Serbian surface waters (Vrutci, Celije
and Bovan reservoirs) was performed. It was found that potentially problematic, mostly
unicellular and colonial algae (Bacillariophyta and Chlorophyta) are present in Bovan and
Celijereservoirs, while in Vrutcireservoir mostly filamentous Cyanophyta are found. The
relative abundance of microalgae fluctuated during the seasons, with the highest number of
cells and individuals observed in all studied reservoirs in summer.
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At the same time, the German partners are conducting laboratory-scale research on
the production of environmentally friendly PAC by thermal activation of drinking water
treatment sludge. Table 1 shows the characteristics of two examples of PACs produced from
different drinking water treatment plant sludges in a laboratory rotary kiln under different
conditions. Further types of eco-friendly PAC are currently in preparation. In addition, an
iron-based pre-polymerized flocculant just developed is being tested to establish a new,
innovative UF/eco-friendly-PAC/flocculation hybrid process.

Table 1. Characteristics of self-made eco-friendly PAC

A . ; C content. H content. N content
. Activation Particle size > § >
0, 0, 0,
Raw material temperature (°C) (median value), pm % % %
Potato starch flocculated 600 477
sludge
Potato starch flocculated 950 509 11 142 1.15
sludge
Potato starch flocculated 600 and 850 958
sludge
Iron containing flocculant 600 10.14
sludge
Iron containing flocculant 950 370 53 1.51 0.18
sludge
Iron containing flocculant 600 and 850 6.11
sludge

The oral presentation will present data of the new hybrid process performance for the
treatment of water contaminated by the selected algal groups in lab scale. Further on
elimination data of micropollutants from synthetic eutrophic water made in lab will be
presented.
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Can Portable X-ray fluorescence spectroscopy (PXRF) be applied to analysis
of TiO: in food samples?
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Titanium dioxide (Ti0O) is also known as E171, as defined in the list of additives [1].
Based on the latest EU Regulation, after the six-month transition period (February 7, 2022
— August 7, 2022), TiO, is not allowed to be used in any type of food [2]. TiO> in the form
of nanoparticles has been used as food colorant and color enhancer for white color in many
food products, or to increase the brightness of processed foods.

Portable X-ray fluorescence spectroscopy (PXRF) is an analytical technique which is
non-destructive, fast and relatively inexpensive. Another important advantage of XRF
methods is that they can measure concentrations of analyzed elements regardless of the type
of compound that contains them. PXRF can be applied in standardless mode, but it is not
often used for analysis of food samples. Can this method be applied to food samples and
what are its limitations?

In order to estimate suitability of PXRF for quantification of TiO; in food, 2 types of
fillings, chocolate based and vanilla based were spiked with TiO,. Concentration of TiO> in
the samples ranged from 0.00 to 0.75 g/kg.

Measured concentrations of TiO, were compared with theoretical (declared)
concentrations based on known amount of TiO, added to the fillings. Parameters of linear
regression which was used as tool for the comparison are given in Table 1.

Coefficient of determination (R Square — Table 1.) ranges from 0.9912 to 0.9999
which represents excellent correlation between measured and expected values. Intercept
between regression line and Y axis is close to zero, while high P values (0.47 or higher)
indicate that none of them is statistically significant. These results confirm good
reproducibility of TiO, measurements.

Table 1. Linear regression parameters for comparison of measured with expected
values of TiO, in food samples

acoef. P-value Intercept P-value R Square
chocolate based 1 0.71  0.0044 0.0035  0.8885 0.9912
chocolate based 2 0.70  0.0016 0.0115  0.4732 0.9967
vanilla based 1 0.79  0.0000 0.0012  0.6258 0.9999
vanilla based 2 0.79  0.0009 0.0095  0.4904 0.9981
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P values for regression coefficients (a coef. — Table 1) are either lower than 0.01 or
even 0.001 which shows that regression is statistically significant, therefore, there is strong
connection between amount of TiO» in the sample and the signal measured by the
instrument.

Results demonstrate that PXRF can be used as the method for fast, easy and precise
measurement of TiO; in food samples, but they also raise further questions. Regression
coefficients should ideally be equal to the value of a=1. Nevertheless, in our research they
ranged between a=0.70 and a=0.79, which implies that the method contains the source of
systematic error. Further research should be performedin order to better understand its
nature.

Measurements were also highly precise and analysis of linear regression residuals
implies that method might successfully applied even to significantly higher concentrations.

It can be concluded that PXRF can be successfully applied to the measurement of
TiO2 in food samples, which might bring significant savings in time and resources, since
this technique does not require sample digestion, nor repeated calibration of the instrument.
On the other side, large systemic error was observed, therefore it is necessary to validate
PXRF method prior to the introduction of any new matrix.
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Biomass based materials for a toxic free environment
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Globally valuable resources are continuously lost through waste streams. Therein,
carbon-based wastes such as biomass residues and biosolids can emit substantial amounts of
greenhouse gases if landfilled or burned off. Thus, strategies to utilize these resources
following concepts of circular economy are urgently needed. There is a wide pool of such
resources: anaerobic digestate, manure, sewage sludge, compost, as well as biochar. These
organic materials can be potentially widely used in different fields: (1) products for
environmental applications; (2) organic soil amendments as source and/or a sink of nutrients,
(3) for the remediation of organic and inorganic pollutants etc. Application as soil
amendments is of high importance since current agricultural practices result in harmful
environmental effects, including three key problems: deterioration of soil as a key non-
renewable resource in our lifetime, groundwater pollution, and increasing agricultural
residues [1]. It is estimated that (i) 83 % of EU arable soils, and consequently most of the
groundwater is contaminated with residual pesticides at the level which put soil and
ecosystem services at risk; (ii) in 65-75 % of agricultural soils, nitrogen and phosphorus
cycles have exceeded their safe operating space, respectively by a factor of 3.3 and 2,
resulting in diffuse pollution of terrestrial, aquatic and atmospheric ecosystems; (iii) arable
soils are losing soil organic matter at a rate of 0.5 % per year which is associated with the
reduction of soil fertility and productivity and an increase in greenhouse gas emissions and
vulnerability against climate change [1] These organic amendments could affect soil
structure, element cycling, and nutrient composition in the soil. They can be valuable and/or
a sink of nutrients. However, organic amendments often contain a range of pollutants,
including heavy metals, persistent organic pollutants, potential human pathogens, and
emerging pollutants such as pharmaceuticals. Additionally, the introduction of microplastics
to soil, via the application of organic amendments (mainly, sewage sludge), is a topic of
much relevance [2]. Therefore, development of efficient strategies to mitigate the risks
associated to the application of organic amendments to soil, while benefiting from their
numerous advantages is needed.
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Per- i polifluorovana jedinjenja, ,,ve¢ne hemikalije” (ili moZda ne)
Per- and Polyfluorinated Substances, 'forever chemicals' (or maybe not)
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Danas se u zivotnoj sredini mogu pronaci brojna hemijska jedinjenja koja je stvorio
¢ovek u svojim laboratorijama. Ideja vodilja sredinom dvadesetog veka je bila kreirati
jedinjenja kvalitetnih osobina koja ¢e dugo imati upotrebnu vrednost a samim tim i dugo
trajati. Neka od tih jedinjenja su danas prepoznata i kao ,,veCne hemikalije”. Per- i
polifluorovana jedinjenja (PFAS) su grupa sintetickih hemijskih jedinjenja koja poseduju C-
F, najjacu kovalentnu vezu. Zbog hemijske strukture koja im omogucava stabilnost na
povisenim temperaturama, otpornost na niske pH vrednosti kao i visoku povrSinsku
aktivnost, ova jedinjenja su u vidu razli¢itih formulacija ve¢ nekoliko decenija nasla Siroku
primenu u brojnim potroSackim proizvodima. Medutim, PFAS su poslednje dve decenije
otkriveni u vodi, zemljiStu, sedimentu, vazduhu, hrani i uzorcima biote na svim
kontinentima, §to prepoznato kao rizik za zivotnu sredinu i zdravlje ljudi [1]. Zbog ovoga su
u poslednjoj deceniji intenzivno testirane postojece tehnologije za sanaciju i remedijaciju
poput adsorpcije, filtracije, termalne destrukcije, oksidacije/redukcije kao i pranje zemljista.
Ipak, opisani su i brojni nedostaci ovih tehnologija [2].

Hipoteza nase studije je bila da ¢e primenom naprednih oksidacionih tehnika pra¢enih
tretmanom mikroorganizmima do¢i do smanjenja koncentracije PFOA kao model jedinjenja
PFAS. Abioticka i bioticka degradacija PFOA je u pocetnoj studiji testirana nezavisno. Za
kvantitativnu analizu smanjenja PFOA upotrebljena je ciljana (targeted) LC-MS/MS, a za
detekciju proizvoda razgradnje koriséena je neciljana (untargeted) LC-MS/MS analiza.

U studiji fotokatalize upotrebljeni su odabrani fotokatalizatori na bazi Ti i Al
Eksperimenti su realizovani na 20 °C u otvorenom cilindri¢nom polipropilenskom reaktoru,
a kao izvor svetlosti koriS$¢ena je lampa koja simulira sunéevo zracenje.

Nasa prethodna istrazivanja su ukazala da mikroorganizmi izolovani iz sedimenta
zagadenim ovim jedinjenjima imaju potencijal da opstanu u ovim uslovima [3]. U ovoj
studiji, mikrobne zajednice su izolovane sa lokacija u Srbiji, Japanu i Italiji koje su poznate
po zagadenju PFAS-om, a obogacivanje je obavljeno na tecnim podlogama sa PFOA u ppm
vrednostima. Mikrobne zajednice ali 1 pojedinacni izolati su upotrebljene kao inokulum u
studiji biorazgradnje PFOA.
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Rezultati fotodegradacija PFOA pomocu fotokatalizatora na bazi Ti i Al ukazuju na
smanjenje koncentracije izmedu 50 i 80 % u zavisnosti od upotrebljenog katalizatora. Na
osnovu neciljane analize, detektovani su homolozi krac¢ih lanaca u poredenu sa PFOA.
Koncentracija ovih jedinjenja se povecava tokom fotokatalize, $to je pra¢eno smanjenjem
pocetnog model jedinjenja. Fluoridni joni detektovani su jon-selektivnom elektrodom i
jonskom hromatografijom. Pored toga, detektovano je polifluorovano jedinjenje sa m/z 395
kao kontaminacija standardne upotrebljene hemikalije. Detektovano je smanjenje
koncentracije ovog jedinjenja, Sto sugeriSe da je primenjena tehnologija aktivna ne samo na
per- veé i na polifluorovana jedinjenja.

U studiji biorazgradnje, izmereno je smanjenje koncentracije PFOA u rasponu od 21
do 36 % koris¢enjem najaktivnijih mikrobnih konzorcijuma.

Nasi rezultati su potvrdili da je fotokataliza uz upotrebu odgovaraju¢ih
fotokatalizatora metoda koja moze da omoguéi smanjenje koncentracije PFOA u vodenim
rastvorima, kao i da mikroorganizmi izolovani iz sredine zagadene PFAS hemikalijama ne
samo da mogu da preZive u ovom oStrom okruzenju, ve¢ mogu da doprinesu i razgradnji
ovih hemikalija pod odredenim uslovima. Dalje studije ¢e se fokusirati na optimizaciju i
kombinaciju ovih tehnika, $to bi u narednoj fazi omogucilo skaliranje do nivoa pilota.
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Proizvodnja plastike i zamena staklene i kerami¢ke ambalaze plasti¢nim materijalima
doveli su do nagomilavanja plastiénog otpada. Neophodno je naéi povoljan sistem za
degradaciju plasti¢nog otpada, bez nastanka toksi¢nih produkata ili dodatnog zagadenja
zivotne sredine. Polietilen-tereftalat (PET) je jedan od najcesce proizvedenih plasti¢nih
polimera. Proizvodnja PET-a zapocCinje esterifikacijom tereftalne kiseline i etilen glikola,
pri ¢emu nastaje bis-(2-hidroksietil)-tereftalat (BHET), koji se dalje polikondenzuje do
polimera. U poslednje vreme, BHET se Cesto koristi kao model jedinjenje za identifikovanje
novih biokatalizatora za degradaciju PET-a [1,2].

Cilj ovog rada bio je ispitivanje mehanizma degradacije BHET-a pomocu
mikroorganizama.

U preliminarnom testu na ¢vrstim podlogama, kapacitet za degradaciju BHET-a je
testiran kod stotinak mikroorganizama, nakon ¢ega su odabrani najefikasniji sojevi, koji su
identifikovani sekvenciranjem gena za 16s rRNK. Dalje, ispitivana je degradacija u tecnoj
podlozi gde je BHET bio glavni izvor ugljenika. Eksperiment je trajao 7 dana, a degradacija
je pracena nakon drugog, petog i sedmog dana upotrebom tecne hromatografije (HPLC).
Kao najefikasniji sojevi pokazali su se pripadnici roda Pseudomonas. Oni su u potpunosti
transformisali BHET do razlicitih intermedijera.

Rezultati su pokazali da ispitivani sojevi mogu da transformisu BHET, koris¢enjem
najmanje dva razli¢ita puta, pa ¢e se naredni eksperimenti usmeriti na identifikaciju
intermedijera degradacije. Takode, radi optimizacije degradacije, ispitivace se simbiotsko i
sinergisticko dejstvo razlicitih konzorcijuma, kako bi se obezbedila potpuna degradacija
ovog model jedinjenja.
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Niska cena 1 jednostavna proizvodnja sintetickih plasti¢nih materijala dovela je do
njihove rasirene upotrebe za razli¢ita pakovanja, gradevinarstvo, automobilsku i elektronsku
industriju i izradu proizvoda za domacinstva. Zbog toga se proizvodnja plastike u poslednjih
pola veka povecala 20 puta [1]. Najvise se koristi polietilen tereftalat (PET), a procenjeno je
da je njegova proizvodnja 2022. godine dostigla 87,17 miliona kubnih metara. Visoka
otpornost PET-a, koja se ranije smatrala prednoscu, danas dovodi do nekontrolisanog
nagomilavanja otpada u brojnim ekosistemima na planeti [2]. Bis-(2-hidroksietil)-tereftalat
(BHET) je komercijalni monomersa strukturom slicnom jezgru PET-a, pa se Siroko koristi
u ispitivanjima biodegradacije PET-a, jer je pokazano da pojedini mikroorganizmi imaju
sposobnost da ga degraduju [3]. Osim mogucénosti razgradnje razli¢itih Stetnih jedinjenja,
mikroorganizmi mogu da proizvode i egzopolisaharide (EPS), kao odgovor na razliite
selektivne pritiske zZivotne sredine. EPS su zbog svojih fizicko-hemijskih svojstava nasli
primenu u farmaceutskoj, hemijskoj i prehrambenoj industriji [4].

Cilj ovog rada bio je selektovati mikroorganizme koji mogu da razgrade BHET kao
model jedinjenje za ispitivanje degradacije plasticnog otpada na bazi PET-a i sa visokim
prinosom produkuju EPS.

Sposobnost degradacije BHET-a ispitivana je na 100 bakterijskih izolata, pomoc¢u
¢vrstih podloga sa BHET-om kao glavnim izvorom ugljenika. Potom je selektovano 7 sojeva
sa naj$irim zonama prosvetljenja, koji su kori§¢eni za produkciju EPS-a u te€nim podlogama
sa saharozom. Nakon fermentacije i odvajanja biomase, EPS su talozeni dvostrukom
zapreminom etanola i njihova koli¢ina je odredena gravimetrijskom metodom [5]. Masa
dobijenih EPS varirala je od 2,4 — 33,7 g/L, a odabran je soj sa visokom produkcijom za
dalje eksperimente. Posto mikrobna produkcija polisaharida veoma zavisi od uslova
fermentacije, ispitan je uticaj pet faktora na prinos: temperature, aeracije, pH, koli¢ine
saharoze i razliitih izvora azota. Rezultati su pokazali da najoptimalnija podloga za
dobijanje visokog prinosa EPS-a sadrzi ekstrakt kvasca (izvor azota), 100 g/L saharoze
(izvor ugljenika), a pH vrednost joj je 7.

Buduc¢i ekperimenti ¢e biti usmereni na ispitivanje interakcija izmedu kljuénih faktora
na proizvodnju EPS-a, radi naprednije optimizacije procesa i povecanja prinosa.
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O zelenoj hemiji (ZH), odnosno njenim principima, govori se ve¢ 25 godina. Sve u
superlativima. Ipak, povremeno deluje da je primena ovih principa u praksi ,,nesto drugo” i
da ¢e sve uglavnom ostati u akademskoj sferi, a u praksi ideal kojem se ve¢no tezi. Ali,
mozda smo nestrpljivi. Mozda je promena moguéa samo postepeno. Mozda se i deSava, a
nismo toga svesni.

Jo§ od prve ideje 1 postavljenih principa 1998. g. [1], pored Univerziteta Jejl (Yale)
[2], mnogi struc¢ni i univerzitetski centri su formirali svoje preporuke za nastavne programe,
ukljucujudi i cenjena strucna drustva kao §to su ACS (Americko hemijsko drustvo) [3]i RSC
(Kraljevsko hemijsko drustvo Velike Britanije) [4]. Kod nas oni postoje veé desetak godina
(Univerziteti u Beogradu, Novom Sadu i Kragujevcu). Takode, sve je veci broj tematskih
kurseva, jednodnevnih i viSednevnih, koji se odrzavaju Sirom sveta o ovom ,,novom
pogledu” na industriju, zato Sto raste svest o ¢injenici da dosadasnji pristup nije vise odrziv.
Ovome pomaze organizacija Ujedinjenih nacija i njene agencije, pre svega UNIDO i UNDP,
organizovanjem finansijske podrske tim naporima.

Cetiri glavna faktora uti¢u na primenu ZH u praksi: (1) svest o potrebi, (2) zakonska
regulativa, (3) inovacije i (4) edukacija.

Svest o potrebi raste, te se pojam ,,zelena hemija” ili ,,odrziva hemija” (odomaceno u
Evropi) sve viSe spontano uklapa u kontekste i programe odrzive privrede, Cistije
proizvodnje, cirkularne ekonomije, itd. Cak i u dana$nje krizno vreme, 73 % potrosada
smatra da treba preduzimati aktivnosti na zastiti zivotne sredine, a 36 % e birati proizvod
od brenda koji podrzava njihova uverenja u tom kontekstu [5]. Ova svest utice na trziste, a
time i na ekonomski kurs kompanija. Tako se moZe konstatovati stalni rast investicija u tzv.
zelene tehnologije, iako se ogromna vecina njih fokusira na energetiku, gde je rast skoro
eksplozivan (u milijardama USD): 2013.g. 0,42; 2019.g. 16,1; 2021.g. 87,5 [6].

Zakonska regulativa je do sada pokazala solidnu uspeSnost na globalnom nivou,
recimo u oporavku ozonskog sloja atmosfere zabranom CFC [7]. Zabrane se ubrzano mnoze
(Minamata, Stokholmska konvencija, REACH, itd.), ali teSko odrzavaju korak sa
,dovijanjem” kompanija koje stalno pronalaze nova jo$§ nezabranjena jedinjenja. Zato je u
Evropi uvedena stalna aktivnost pra¢enja neispitanih hemikalija potencijalnih kandidata za
zabranu CoRAP, §to donekle ublazava situaciju i pravovremeno upozorava proizvodace.
»Meki” doprinos ¢ine nezavisne organizacije civilnog drustva koje dodatno stvaraju
atmosferu takmicenja medu kompanijama u dostizanju zelenih standarda (npr. ChemSec).
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Glad za inovacijama u ovoj oblasti je ogromna, jer pristup je potpuno nov i
dosadasnjim reSenjima treba naéi zamenu. Figurativno reCeno, od 6 miliona potrebnih
reSenja imamo mozda hiljadu ili dve. Iz saradnje Yale-UNIDO stvoren je i kompendijum
nekih tehnoloSkih resenja [7], ali to je samo pocetak, nekoliko stotina svetlih primera
objavljenih kao uzor i podstrek.

Takode, nije dovoljno imati ,strucnjake za zelenu hemiju” koji ¢e davati
konsultantske usluge stru¢njacima koji rade ,,po starom”. Potrebno je da svi stru¢njaci od
pocetka sticu obrazovanje kako se razmisljalo ,,po starom”, a kako treba razmisljati ,,po
novom”.

Na kraju, potrebno je da svi mi, od malih nogu, sti¢emo ova nova znanja i pristupe.
Zato §to je potrebno da menjamo svoj pogled na svet i nacin Zivota, jer tu je glavni resurs za
promenu. Da li smo spremni? Ne bi to bilo samo sortiranje otpada, Stednja energije, torba
umesto jednokratne kese 1 sli€no. Da li smo spremni da se odreknemo posedovanja stvari?
Veliki broj stvari ne moramo da posedujemo da bismo ih koristili. Od tepiha i bicikla do ves
masine 1 automobila. Ode¢a? Modna industrija ucestvuje sa do 4 % emisija na svetskom
nivou (za poredenje - proizvodnja cementa sa 8 %). Ako pomislimo da ne moZemo, treba
samo da se setimo da ima stvari koje ve¢ koristimo, a ne posedujemo ih kao nekad. Veliki
kapital ima svoje miSljenje koje treba uzeti u obzir, ali i sa rezervom [8]. Ipak, preslisajmo
se. Mislimo o tome.
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Klimatske promene, degradacija zemljista i gubitak biodiverziteta predstavljaju sve
vece pretnje za Covecanstvo, a zastita zemljista ima kljuc¢nu ulogu u njihovom resavanju [1].
Jedan od nacina za smanjenje koncentracije ugljenika u atmosferi i ublazavanje efekata
klimatskih promena je proces vezivanja ugljenika u zemljiStu, poznat i kao sekvestracija.
Ovaj proces podrazumeva skladiStenje organskog ugljenika iz ostataka biljaka u zemljiste,
sintezom i mineralizacijom zemljiSne organske materije (OM) [2]. Iako je ovaj proces
relativno spor, organskog ugljenika ima vise u povrSinskom sloju zemljista nego u atmosferi
1 nadzemnoj vegetaciji zajedno. NaZzalost, procenjeno je da je skoro polovina svetskog fonda
zemljista degradirana u nekom obliku, §to predstavlja ozbiljan izazov u odrzavanju procesa
vezivanja ugljenika [3]. Organska materija je kljucna za plodnost i normalne funkcije
zemljiSta. Pored toga $to je izvor hraniva za biljke, ¢uva strukturu zemljista, sprecava
eroziju, povecava sposobnost zemljista da zadrzi vodu, odrzava biodiverzitet i utiCe na
sudbinu zagadujuc¢ih materija. Stoga medunarodna zajednica intenzivno radi na istrazivanju
1 promociji praksi koje doprinose o€uvanju organske materije u zemljistu [4].

U cilju proucavanja uticaja poljoprivrednih praksi na sadrzaj organske materije u
zemljistu tipa ¢ernozem, uzorkovano je ukupno 50 uzoraka zemljista, tokom maja meseca
2022. godine. ZemljiSte je uzorkovano sa dubine 0-30 cm, u pet ponavljanja, na dva
lokaliteta: Rimski Sanéevi - 30 uzoraka (karbonatni ¢ernozem, udeo peska 39-61 %) i Futog
- 20 uzoraka (karbonatni ¢ernozem, sa ve¢im udelom peska 63-80 %). Na lokalitetu R.
Sancevi, zemljiste je posmatranou slede¢im sistemima gajenja: konvencionalna obrada
(kukuruz i soja), redukovana obrada (kukuruz i pSenica). Na lokalitetu Futog zemljiste je
posmatrano u sistemu konvencionalne obrade (kukuruz i pSenica). Za svaki lokalitet uzetisu
uzorci kontrola iz neposrednih Suma, sa zemljista koja ve¢ nekoliko decenija nisu bila pod
antropogenim uticajem obrade (15 uzoraka). Uzorci su analizirani u Laboratoriji za zemljiSte
1 agroekologiju Instituta za ratarstvo i povrtarstvo, Laboratoriji akreditovanoj po standardu
SRPS ISO/TEC 17025:2017 i ovlas¢enoj za ova ispitivanja. Sadrzaj organske materije je
odreden oksidacijom organskog ugljenika sa K>Cr,O7 (metod po Tjurin-u). Ukupni azot je
odreden suvim spaljivanjem elementalnom analizom, prema metodi AOAC 972.43, kao i
ukupni organski ugljenik (TOC) prema metodi ISO 10694:2005. C/N odnos je dobijen
racunski. Kapacitet katjonske izmene (CEC) je odreden ekstrakcijom zemljiSta u amonijum
acetatu, detekcijom na ICP-OES.
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Na osnovu dobijenih rezultata (Tabela 1) dokazan je antropogeni uticaj gubitaka OM
u zemlji$tu usled obrade zemljiSta, poredenjem sa relevantnim kontrolama (Sume). Na
lokalitetu Futog, prirodni potencijal zemljista za sadrzaj OM je manji usled mehanickih
karakteristika ovog zemljista koje sadrzi veéi udeo peska. Ovaj trend prati i ukupni sadrzaj
organskog ugljenika (TOC). Redukovana obrada na R. San¢evima je u malom procentu
uticala na povoljniji sadrzaj organske materije, Sto ukazuje da je potrebno da protekne jo$
vremena za ispoljavanje pozitivnih efekta ove prakse.

Tabela 1. Prose¢ni sadrZaj parametra zemljiSta prema posmatranim praksama obrade
zemljista na dva lokaliteta
Obrada o o CEC

zemljista OM (%) Toc (%) | ON (cmol/kg)

R. Sanéevi Konvencionalna 2,32+0,52 | 1,56+0,43 | 9+£2 | 20,00+7,96
R. Sangevi Redukovana 2,40+1,55 | 1,55+£0,09 | 9+0 | 19,5543,33
R. Sanéevi | Bez obrade, Suma | 3,82+0,66 | 2,79+0,43 | 11+ | 26,45+3,87
1
Futog Konvencionalna | 2,00+0,48 | 1,13+0,15 | 7+1 12,40+2,90
Futog Bez obrade, Suma | 2,72+0.41 | 1,83+0,17 | 9+1 12,66+1,32

Lokacija

Prema okvirnoj smernici, biljke najbolje uspevaju u zemljistu sa C:N odnosom od oko
10:1[5]. Evidentno je da zemljista kontrola imaju bolji C/N odnos, jer sadrze vise OM. Ovaj
trend prati i CEC kapacitet katjonske izmene, kao pokazatelj sposobnosti zemljista da vezuje
pozitivno naelektrisane jone na povrSini zemljiSnih Eestica. Na osnovu provedenih
istrazivanja, moze se zakljuciti da je posmatrano zemljiste degradirano usled gubitka OM,
spram prirodnog potencijala proizvodnih karakteristika ¢ernozema.
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Treatment of wastewater polluted by synthetic dyes is important because many of the
paints are poorly biodegradable and extremely carcinogenic. Recently, newer technological
systems have been developed for dye removal, including chemical systems such as
chlorination and ozonation, physical methods such as adsorption, and biological systems
such as biodegradation. However, there is an interesting environmentally friendly,
sustainable, and cheaper purification methods, as these systems are expensive and
impractical [1]. The use of nanoparticles as catalysts in many chemical processes has been
known for many years, but their synthesis requires the use of environmentally toxic
chemicals and the consumption of a large amount of energy. Recently, green synthesis of
various types of nanoparticles using plant extracts has been intensively developed. The
biosynthesis of metal nanoparticles has many advantages over other methods, such as
nontoxicity, environmental compatibility, and low cost [2]. In addition to having a lot of
promise for use in medicine, pharmacy, and the food industry, these kinds of nanoparticles
have also been demonstrated to exhibit catalytic and photocatalytic capabilities. For this
reason, this work aimed to examine the catalytic activity of silver nanoparticles synthesized
using aqueous extracts of aerial parts of Lythrumsalicaria (LSA-AgNPs) and Salvia
pratensis (SPA-AgNPs) in the degradation of methylene blue (MB). The methods for
synthesis and characterization of LSA-AgNPs and SPA-AgNPs were described in
previously published papers [2,3]. UV-Vis spectrophotometry, Fourier transform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM/EDS), X-ray powder diffraction
(XRPD), and Dynamic light scattering (DLS) analysis have confirmed the formation of
silver nanoparticles with an average diameter about 60 nm for both nanoparticles. LSA-
AgNPs and SPA-AgNPs also showed a catalytic reduction of Congo red and 4-nitrophenol
in the same studies [2,3].

The catalytic potential of LSA-AgNPs and SPA-AgNPs in the degradation of MB was
examined by combining 0.5 mL of nanoparticles solution (0.2 mg/mL), 0.5 mL NaBH4
(0.2 M), and 5 mL of methylene blue (10 mg/L). Using a UV-Vis spectrophotometer, the
reaction was monitored spectrophotometrically until the absorbance maximum at 664 nm
originating from MB solution stopped decreasing at room temperature.

Figure 1A shows that after the addition of LSA-AgNPs, the color of the MB changed
to colorless in 35 minutes, demonstrating their catalytic capability. Similar results were
observed for SPA-AgNPs that significantly reduced the absorption intensity of MB but did
not lead to complete discoloration in the same time interval. The absorbance values of MB
in the presence of NaBH4 remained almost unchanged for 35 minutes without the addition
of AgNPs as a catalyst. AgNPs in this catalytic reaction are responsible for electron transfer
from BH4 to MB. Obtained absorbance values in the degradation process of MB were fitted
into different kinetic models and as the concentration of NaBH,4 (0.2 M) in this catalytic
reaction was significantly higher than MB concentration (10 ppm), it can be assumed that
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the rate of reaction is independent of NaBH4 concentration, and the degradation pathway
may be referred as pseudo-zero or -first order processes. The comparison of the calculated
R? values for each model showed that the pseudo-first order best describes the rateof the
catalytic degradation of MB using LSA-AgNPs (R? = 0.9561), while the pseudo-zeroorder
fits the kinetics of degradation of MB using SPA-AgNPs (R? = 0.9804).
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Figure 1. UV—Vis spectra of the catalytic degradation of methylene blue in the presence of
LSA-AgNPs (A) and SPA-AgNPs (B)

The rate constants of these two reactions also supported the finding that LSA-AgNPs
(k = 0.0697 min ') possess better catalytic properties in the degradation of MB in
comparison with SPA-AgNPs (k =0.0395 min '). Due to the demonstrated catalytic activity,
future research may be focused on the possible use of biosynthesized nanoparticles in
wastewater purification.

References

1. Zapata-Mendoza, P. C. O., Berrios-Tauccaya, O. J., Tirado-Kulieva, V. A.,
Gonzales-Malca, J. A., Ricse-Reyes, D. R., Berrios-Zevallos, A. A., Seminario-
Sanz, R. S. Sustainability 14 (2022) 14698.

2. Sreckovi¢, N. Z., Nedi¢, Z. P., Monti, D. M., D’Elia L., Dimitrijevi¢, S. B.,
Mihailovié, N. R., Katani¢ Stankovi¢, J. S., Mihailovié, V. B. Molecules 28 (2023)
1387.

3. Sre¢kovié, N. Z., Nedi¢, Z. P., Liberti, D., Monti, D.M., Mihailovi¢, N.,
Katani¢Stankovi¢, J. S., Dimitrijevi¢, S., Mihailovi¢, V. B. RSC Advances 11 (2021)
35585-35599.

Acknowledgment - This work was funded by the Serbian Ministry of Education, Science, and Technological
Development (Agreements No. 451-03-47/2023-01/ 200122).

52



ENVIROCHEM2023 Usmene prezentacije

3Hauaj peryjaTuse
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The importance of regulation for correct approach to desirable economic
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Y BpeMeHy Harior TeXHOJIOIIKOT Pa3Boja U MopacTa eKOHOMCKUX IoTpeda, rma Tako
1 Ha TepeHy Penyonuke CpOuje, y TOTIYHOCTH je pasyMJbUB HU300p TeMa 3a 9. CUMIIO3HjyM
»XeMHja W 3amThTa XuBOoTHe cpeamHe - ENVIROCHEM 2023”. Otyaa W Hamia
OpHjeHTalldja Ha CeIMy TpyIy HaclioBa y OKBHPY OBOT HAyYHOT CKyIa, TO jecT Ha
carjieiaBame 3Ha4aja MpaBHE PEryJIaTHBE 3a yOOIMYaBaWmEe OJHOCA XCMHUjE M IKHBOTHE
cpenuHe.

T'oBopehu o omHOCy Xemuje (yHyTap OHIIO KOje MpHUBpEIHE OONIACTH) U SKUBOTHE
CpelMHEe y paay yKa3yjeMO Ha HEKOJHMKO OWTHUX uuibeHuIa. [Ipe cBera Jeymmma je
HEOIXOTHO pUBpehUBame Kao U pa3Boj UCTOr. To HAC BOIM Ka CTBapamy HOBHX 00JACTH
pana, aJii 1 HOBUX WJIM UHOBUPAHUX TeXHOHOFI/Ija, CaMMUM THUM U PA3HOBPCHUX aJIN HC YBCK
W TMPUXBAT/BUBHUX YTHIAja HAa OKOJMMHY. M3 Tor pasmora npxkase (opmupajy OpojHa
JIETHCIIATHBHA pellleha Cca IHJbEM Jla cadyBajy eKOJIOMIKE BPEIHOCTH o] Moryhmx
HEraTUBHUX yTulaja. [IpuMepa pamu o pynapema, MPOU3BOJIKE MeTaa, Al U OpOjHUX
JPYTHX IPUBPEAHUX aKTUBHOCTH. JaCHHUjE PEUCHO, IpXKaBe Cy Y €THUKO] OTYAA U MPaBHO]
obaBe3n na Kaja CTapTyjy W OCTBAapyjy KakBy IPHUBPEIHY aKTHBHOCT KOja MPOU3BOIU
HeTraTUBHE Tocieauile, Mel)y KojuMa u HEOTKIIOWUBE, & HAPOUNUTO OHE KOje YTPOXKaBajy WITH
norahajy camo 31paBIbEH/ TN XKHBOT YOBEKA, TO YHHE TAKO Ja UCTA HE MPOHU3BO/IE ONTACHOCT
W/WITU TIOCTeNUIle Ha IIUpEM apeaiy WM IpeMa 37paBiby U JKUBOTY 4YOBeKa. TakBa
MOCTyNama, Kako he Haml TeKCT 00jacHUTH, HHCY I03BOJbEHA, T€ MX CBAaKU MPUBPEIHU
MOCIIeHUK He Ou Tpebao Aa 3axTeBa W/UIIM OCTBapyje, a caM JAp)KaBHU amapat je y o0aBe3n
Jla HEe JO3BOJIM HU CTapTOBAmE MCTOT WM MAaK EEroBO OCTBapHBame. A Takohe na He
JI03BOJIU I CE€ [0 OKOHYamy HeKe MPUBPEIHE aKTHBHOCTH (Ha PUMEp pyAaperha) OHO LITO
TIOCJIe UCTOT MPEOCTaHe, He TIOKaXKe Kao OIacHO MO YOBEKA M )KUBOTHY CPEIHHY.

Wmajyhu cBe Hampen pedeHo, npucTymnajyhu carnemaBamy 3Hauaja IpaBHE
peryJiaTHBe 3a HCIPaBaH MPUCTYI OWIIO KOjO] BPCTH MPHBPEIHOT JCIOBaKka, Y pPany
yKa3yjeMo Jia yHyTap CBake JIpkaBe, rma Tako u CpOuje, To Mopamo J1a YHHUMO TOIITYjyhu:

- Ha TIPBOM MECTy TeHEpaJHe YCTaBHO-TIPABHE OCHOBE M TPAaHUIE TaKBOM
MIPUCTYIY, 3aTHM

- TIPHUCTYH paTH()UKOBAHUM TOKYMEHTHMa Mel)yHapOJHOT jaBHOT IpaBa KOjH CY O
3HAaYaja 32 OCTBAPUBAKE EKOJIOIIKH UCTIPABHUX ITOCTYIIAhA,

- 3aKOHCKC W TMOI3aKOHCKE OJPETHHIC OF 3Hadaja 3a EKOJOIIKHA MOKeJbHE
MIPUBPEIHE TPUCTYIIC.

Pasmunupajyhin 0 oHOCY XeMUje M J)KUBOTHE CPEIUHE MaKEy CMO IO HAjBHIIC
ycMepwiIn Ha cienehe rpymHe 00jeKTe: CHepPreTHKY, XeMHJCKY HHIYCTPHjy (a MoceOHO
HaQTHY, (QapMmaleyTcKy U HIyCTpujy hyOpuBa), pyaapeme, Kao U OJHOC CIPaMOTIaJa.
Cama opujeHTalja Ka OBUM IPYITHUM MpeAMETHMA UCTPAXKUBaba HY)KHO HAC yCMepaBa U
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Ha MeJIUjyMe O] KJbYYHOT 3Hadaja 3a MOCMAaTpaHy 3alllTHTY, IITO 3HAYM: Ba3llyX, BOAY, U
3eMJBHIITE, KOJH Cy HICTOBPEMEHO OCHOBHE EKOJIOIIKE BpegHOCTH. CBEMy OBOME BaJba 1a ce
MIPUCTYIH HA HAUYMH KOJH HE W3a3WBa OMACHOCTH, a TIOCEOHO MOCIEANIIE, TI0 YXKHU U ITUPU
KMBOTHHU TIPOCTOP, A TAKO M XHUBOTHU IIPOCTOP JbYAW. Y CBOM H3JIaramy O ,,3Hadajy
peryyiaTiBe 3a UCIpaBaH MPUCTYI MOXKEJbHOM MPHUBPEAHOM JeNoBamy’ mnociayxuhemo ce
HE CaMO yKa3WBamkeM Ha jemaH Opoj eneMeHaTa MeljyHapomHor jaBHOr mpaBa Beh u
eJieMeHara 3akoHo/1aBcTBa PenmyOnuke CpoOuje, moueB 01 OHUX U3 caMOr Y CTaBa, ajld OTOM
1 oHMX (hopMUpaHUX U Mel)yCOOHO XHjepapXHjCKU MOBE3aHUX YHYyTap HU3a 3a Hally TeMY
OWTHHX 3aKOHA U MOJ3aKOHCKHX aKaTa.
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Wastewater reclamation - risks and opportunities
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Dudukovié!, M. Becelié-Tomin!

(1) University of Novi Sad, Faculty of Sciences, Department of Chemistry, Biochemistry and
Environmental Protection, University of Novi Sad, Trg Dositeja Obradovica 3, 21102 Novi Sad,
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One third of the European Union territory suffers from water stress all year round.
According to climate change projections and human population increase, the problem will
increase across the world in the next decades. Reduced availability of freshwater negatively
affects everyday living and economic sectors - in the first place agriculture, tourism,
industry, energy and transport [1].

With rising spatial and temporal
scarcity of water, municipalities are
confronted with the challenge of

Table 1. Key risk management elements
(KRMs) organized in four modules for the

setup of a risk management plan for water reuse identifying innovative yet cost-

effective solutions to meet rising

Module No KRM De’j‘"i‘ﬁ““ demands of urban, industrial, and

Water reuse KRM 1 System description agricultural ~ communities. The

system KRM 2  Darties, roles and sustainable framework for urban local

responsibilities bodies, businesses, and communities

KRM3  Hazards identification is to identify and optimize the nexus

KRM 4 Populations and environments between water, energy, and

Risk atrisk and exposure routes agriculture. Bearing this in mind, the

assessment KRys ~ Lnvironmentaland health risk reuse of appropriately treated water
assessment

KRM 6  Additional requirements from wurban wastewater treatment

KRM 7  Preventive measures plants (UWWTPs) has been identified

KRMS8  Quality control systems as a reliable alternative of water

Monitoring KRMo  Environmental monitoring supply for various purposes such as

v ;Zi:g‘;lts e agricultural irrigation or aquifer

a“:ﬁfimem KRM10 o ems seney recharge. However, water-reuse

Communication ~KRM 11 Coordination mechanisms practices are still not systematically

implemented in Europe, mainly due to
high governance complexity of related techniques and practices and the lack of social trust.
In response, European Parliament has approved the Regulation 2020/741 on minimum
requirements for water reuse [2] to standardise the legal requirements of wastewater to be
considered fit for reuse. In addition, the limited use of reclaimed water is usually related to
the risks associated with the pollutants contained in wastewater effluents, especially in
developing countries with partially treated or even untreated wastewater. Ensuring safety
of the environment and public health when using reclaimed water is essential. It may be
achieved with implementing Water Reuse Risk Management Plans (WRRMPs), mandatory
for all reclaimed water facilities. To better address and describe the risks associated with
reclaimed water use, at European level, the most recent and comprehensive guidance
elaborating the 11 key elements of the risk management (KRM) plans has been published
(Table 1). Risk management is an essential component of a water reuse system to secure that
the reclaimed water is used in a way that ensures the protection of the human and animal
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health and of the environment. It is based on the identification of all the risks of a water
reuse system and on their minimisation by using preventive measures and appropriate
control procedures to timely implement necessary intervention. Figure 1 shows an overview
of potential receptors and pathways associated to a water reuse system with different final

uses of reclaimed water.
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Figure 1. Exposed populations and environments associated to different final uses of

reclaimed water (adapted from [3])

This is also expected to transform people's opinions and increasing their awareness of
the benefits of reusing water while reducing their biased opinions on using reclaimed water.
Sound reclaimed water management is a step foward towards circular economy approach in

wastewater management.
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PronalaZenje programa finansiranja Evropske unije za istraZivanja u oblasti
Hemije Zivotne sredine: Sta treba da znate
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Istrazivanja u oblasti Hemije Zivotne sredine (HZS) igraju kljuénu ulogu u
unapredenju naseg razumevanja kako ljudske aktivnosti uti¢u na svet prirode. Ipak, i pored
vaznosti i aktuelnosti ove naucne oblasti, obezbedivanje sredstava za istrazivacke projekte
u oblasti HZS moZe biti izazovno. Sre¢om, postoje brojne moguénosti finansiranja koje su
dostupne u okviru programa Evropske unije za istrazivace iz ove oblasti. Cilj prezentacije je
da pruzi uvid u programe finansiranja dostupne za istrazivacke projekte u oblasti HZS, da
ponudi savete kako da pronadete moguca finansiranja i kako da se krecete kroz proces
prijave.

Identifikovanje programa finansiranja EU

Prvi korak ka obezbedivanju EU finansiranja za istrazivanja iz oblasti Hemije zivotne
sredine je da se identifikuju dostupni programi finansiranja. Neki od glavnih programa EU
finansiranja koji podrzavaju istrazivanja u ovoj oblasti ukljucuju Horizon Europe, Life
program i grantove Evropskog istrazivackog saveta (ERC Grants) [1-3].

Izrada uspeSnog predloga projekta

Kada se identifikuje relevantan program EU finansiranja, potrebno je napisati predlog
projekta koji je u skladu sa ciljevima i zahtevima programa. Vazno je pazljivo pregledati
kriterijume podobnosti i smernice za svaki program i osigurati da predlog jasno opisuje kako
¢e istrazivacki projekat doprineti oblasti hemije Zivotne sredine. Vazan deo predloga
projekta je formiranje konzorcijuma, odnosno saradnja sa drugim organizacijama i
istrazivacima kako bi ojacali svoj predlog projekta i poveéali Sanse za dobijanje finansiranja.

Kretanje kroz proces prijave

Proces prijave za programe EU finansiranja moze biti slozen i dugotrajan. Istrazivaci
moraju biti spremni da pazljivo pregledaju zahteve i rokove za prijavu i da pruze detaljne
informacije o predlozenom istrazivaCkom projektu, ukljucujuéi opis ciljeva istrazivanja,
metodologije i o¢ekivanih rezultata. Takode je vaZno osigurati da je predlog dobro napisan
i da jasno prenosi relevantnost i vaznost istrazivackog projekta.
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Zakljucak

Programi finansiranja EU nude dragocene moguénosti istrazivac¢ima iz oblasti Hemije
zivotne sredine da obezbede sredstva za svoje istrazivacke projekte. Pazljivim
identifikovanjem dostupnih programa finansiranja, izradom uspeSnog predloga i
navigacijom kroz proces prijave, istraziva¢i mogu povecati svoje Sanse da obezbede
finansiranje 1 unaprede naSe razumevanje o tome kako ljudske aktivnosti uticu na zivotnu
sredinu.
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Adsorption potential of lignin isolated from raspberry stem for removal of
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Emeprentne 3arahyjyhe cyncranme, o Kojux cy HeKe Kiacu(HKOBaHE W Kao
MIPUOPUTETHE, IPETO3HATE CY Ka0 CYICTaHIIE 3a KOje Ce MPETIOCTaBIba Ja UMajy, UK je Beh
yTBph)eHO BUXOBO IITETHO JIEjCTBO Ha XMBOTHY CPeIUHY M 37paBibe Joyau [1,2]. Muora
jenumema obyxBaheHa cy MOjMOM €MEpreHTHHX 3aral)yjyhux cymcraHnu, a HajBaXKHHjE
Kjgace cy: (apMaleyTCKH aKTHBHE CYIICTaHIe, NPOW3BOAM 32 JIMYHY XWUIHjEHY,
MHUKPOIUTACTHKA, TECTUIUAW Y TPEHYTHO] YyNOTpeOu, mep- u NoiaudIyopoaskuiIHa
jenumema, UTA. MHora ombHUXce CBaKOJHEBHO KOPHUCTE Y HHAYCTPHjU U JoMahHHCTBHMA
[3], anu Benuka BehmHa oBuX 3araljyjyhux cyncTaHIU joOII YBEK HHUje PETyIHCaHA U HHjE
YKJbYUCHA y PyTHHCKH MOHHTOPHHT.

I'maBHU 1MIB OBOT paja je OMo Aa ce UCTINTA JIUTHUH U30JI0BaH U3 CTAOJbUKE MaIHE
Kao alIcopOeHT 3a yKiamame H3a0paHMX EMEpPreHTHHX KOHTaMHWHAHaTa M3Boje. 3a
eKcriepuMeHTe cy ojalbpaHa crneneha jemumema: (papMmaleyTCKH aKTHBHA jEIHEbCHA
(pypocemu, MpOMpPaHONON, SPUTPOMUIIMH, IPONMUKOHA30J, KapOamasemnuH, JIOCapTaH,
0e3adubpar) W necTUMIM (METHIATHOH W JMHYpOH). JINTHHH je W3 cTabJbuKe MajuHEe
M30JI0BaH JMOKCAH METOJIOM [4], a 3a orJiesie ajicopnimje KopuinheHa je MoJieJiHa cMella
3arayjyhux CymncraHmM omaOpaHHX jelIWECEa Yy BOAY BHCOKOT CTEIEeHa dYHcTohe y
koHneHTpanujama ox 300 ng/l. Ornmenu agcopnuyje Cy U3BENCHH Y IMApKHAM YCIOBUMA,
MmerrameM 0,1 g agpcopOenTa ca 100 ml MonentHe cMelnie, a BpeMe KOHTaKTa aJcopOeHTa U
agcopbara nzHocwio je 24 h. Hakon ajcopmimje ajcopOeHT je 01BOJE OJIBOjeH oMOhy
anapatype 3a ,glassfiber” ¢unrpanujy, ca memOpanama npeunuka nopa 0,45 pum. Ilpe
WMHCTPYMEHTAJIHE aHAJIU3e je[Mbeha O/ HHTepeca Cy eKCTpaxoBaHa M3BOJIE aJICOPIILIN]OM
Ha 4BpcTOj as3u (eng. solid-phase extraction, SPE). Kpantuukamnuja anamura nu3BpiieHa
je yJiTpa MPUTHCHOM TEYHOM XpOMaTOrpadujoM ca TPOCTPYKUM KBAJAPYIOIHUM MaCcECHHM
araimsatopoMm (UHPLC-MS/MS).

Meroza npunpemMe y3opaka ¥ MHCTPYMEHTAIHE aHAJIU3€e je BUIUI0BaHa y3uMajyhu y
0o03up crenehe BanMmanMoOHE TMapameTpe: JIMHEAPHOCT KaTHOpaIlioHe KpHBE, T'PaHHUILY
KBaHTH(UKAIH]jE, TAYHOCT (e(pUKACHOCT eKCTpaKIje) 1 IMOHOB/BMBOCT METOIE (M3paskeHa
Ka0 peJaTHBHA CTAHAApJHA JEBHjallija YEeTHPH IOHaBJbama). EdHKacHOCT ekcTpakiuje
onmabpanux 3aralyjyhux cymcranmmje Omma y omcery ox 60-130 %. Csu mobujeHn
pe3ynTaTh Cy KOPUTOBaHH 3a €(hUKACHOCT EKCTPAaKIIHje.
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Ha cmunm 1 npukaszane cy eukacCHOCTH aJICOPIIIHje HCIUTUBAHOT OMOCOpOEHTa 3a
onabpaHa jenumerma. Moke ce yOuuTH 1a je e(uKacHOCT yKiamama rope HaBeJeHHX
jenrmbema BUCOKa U m3HocH: 96,6; 88,06; 77,06; 96,6,75,31; 97,57; 76,39; 76,44; nu 79,06
%, pemom.

Cruka 1. E¢pukacHOCTH afcopniije HCIUTHBAHOT OHOCOpOCHTA 3a 0a0dpaHa je b emha

Jaxie, ucnuTUBaHM aJICOPOEHT UMa A0Ope aJICOPIIIMOHE KAPAKTEPUCTHKE Y OJHOCY
Ha wm3abpaHe KoHTammHeHTe. Jlajba wucmUTHBama Owhe ycMepeHa Ha oOrjiene ca
aJICOPIIIUOHUM HU30TepMaMa U UCTTUTHBAKE KHHETHUKE aJICOPIIIHje, Ka0 M KapaKTepU3aIlHjy
WMCIUTHUBAHOT JINTHUHA.

Jluteparypa

1. Directive 2000/60/EC.

2. Directive 2013/39/EU amending Directives 2000/60/EU and 2008/105/EC

3. Kock-Schulmeyer, M.et al. Sci. Total. Environ. 754 (2021) 142344,

4. Lourenco, A., Kuki¢, D., Vasié, V., Costa, R.A., Antov, M., S¢iban, M.,
Gominho, J. Molecules 27 (2022) 6246.

3axBaJHMIA - unancupa EBporncka yHuja. Fi3HeTH CTaBOBM M MHUILbea cy, MehyTum, camo ayropa(a) u
He OJpakaBajy HyKHO cTaBoBe EBporicke yHuje nnm M3epiine arenimje EY. 3a mHX ce He MOXe cMaTpaTtu
oAroBopHUM HHM EBporicka yHWja HM opraH Koju gonesbyje cpencrsa. OBa cTyaMja je CIpOBEACHA Y OKBHPY
npojekra TwiNSol-CECs koju je 1o6uo cpezacta u3 mporpama Xopu3oHT EBporna y oKBHpY YroBopa o rpaHTy
6p.101059867.
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Study on the physicochemical properties of biochar produced by pyrolysis of
agricultural waste

E. Vukic¢evié™™, D. Savié?, J. Isailovié?, I. Jovancicevi©, G. Gajica?, M. Anti¢?, B. Jovancicevié!, J.
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Biomass waste concerns an environmental problem due to the increase in its amount
and pollution caused by incineration and disposal. Therefore, it is necessary to find an
alternative way to reuse since it represents a renewable resource. In this study, four types of
biomass samples are used for biochar production: tomato, tobacco, and two varieties of corn
(corn BC 398 and corn ZP 6263). Tobacco is traditionally used for cigarette manufacturing
worldwide, and after the drying process, a massive quantity of dry tobacco stalks is treated
as waste. A popular vegetable, tomato, is widely cultivated and consumed. Accordingly,
many tomato stalks remain in the fields and are treated as waste. Corn is a widely produced
and used plant, thus there are huge amounts of it that remains as waste [1,2]. The pyrolysis
process can convert biomass into liquid products (bio-oil), gases, and lignite-type coal called
biochar, which is suitable for wvarious purposes. Before the pyrolysis process,
thermogravimetric analysis was performed to determine the optimal temperature for
obtaining products with suitable physiochemical characteristics [3]. Pyrolysis was
performed at a temperature of 400 °C, with a heating rate of 100 °C per minute, and nitrogen
was used as a carrier gas. All biochar samples are air-dried before any analysis [4]. Obtained
biochar was characterised by employing various analytical techniques (e.g., moisture
content, ash content, pH value, calorific value, ICP, SEM, etc.). Dry matter and moisture
content included oven drying at 105 °C till constant mass. Ash determination involved
burning the samples in an oven at 750 °C, while the caloric value was measured by the
standard calorimetric method, etc. (SRPS CEN/TS 16023:2014). pH value was measured
using a pH meter. ICP analysis was performed according to the procedure of the standard
EPA M 200.7.

Table 1 shows some of the results obtained by various physicochemical characteristics
analyses. Regarding the pH value, it can be assumed that the obtained biochars are slightly
alkaline. Biochars have a higher percentage of ash. It is very important to note that the
calorific value is about 24 MJ/kg, slightly higher than the values for wood found in the
literature (18-22 MJ/kg).

Table 1. Physicochemical characteristics of the obtained biochars

Parameter Tobacco Tomato Corn BC398 | Corn ZP 6263
Moisture (%) 7.63 8.18 6.01 6.47
Ash (%) 16.54 19.19 19.12 12.84
pH 8.24 8.71 7.74 7.75
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Caloric value
(MJ/ke) 23.09 24.12 25.78 26.24
Al (mg/kg) 234.88 676.01 / /
Ca (mg/kg) 25399 49513 12949 9474
K (mg/kg) 74037 42518 16654 18930
Mg (mg/kg) 3030 11451 5440 4385
Na (mg/kg) 260.93 10285 <100 <100
S (mg/kg) 3753 4336 974.03 594.42
P (mg/kg) 3353 3001 3250 2148

/ - not determined

Based on the given results, the characteristics of produced biochar provide the

possibility for different applications. Due to pH value and SEM analysis, described biochar
can be used as an adsorbent for various classes of compounds. Calorific values classify
biochar as a fuel. ICP analysis showed that biochars could be used as fertilisers and soil

conditioners.
References
1. Mangut, V., Sabio, E., Gafian, J., Gonzalez, J.F., Ramiro, A., Gonzalez, C.M.,
Roman, S., Al-Kassir, A. Fuel Process. Technol. 87 (2006) 109-115.
2. Memici, M., Ekinci, K. Soil Tillage Res. 202 (2020) 104652.
3. Cardoso, C.R., Miranda, M.R., Santos, K.G., Ataide, C.H. J. Anal. Appl. Pyrolysis
92 (2011) 392-400.
4. Chen, R., Zhang, J., Lun, L., Li, Q., Zhang, Y. Bioresour. Technol. 292 (2019)

121970.
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XuapoyribeBHu 100MjeHU U3 0T He APBHE OHoMace Kao afcopOeHTH 3a
YKJIatkhalhe AKTHBHUX CYINICTAHIU 01a0paHuX (papMaleyTHKA U MeCTHIIN/IA U3
BOJIE

Waste wood-derived hydrochars as adsorbents for pharmaceuticals and
pesticides removal from water

M. Petronijevi¢!™, S. Panié', V. Vasi¢', D. Kuki¢!, I. Antié¢', N. Purisié-Mladenovic!
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dapmarieyTcKil aKTHBHA jelWbCHha (aHANTETHIIN/AaHTH-UH(IAMATOPH, PETYyIaTopu
JUMUAA U CTATHHU 32 CHIDKABAME XOJIECTEpOsa, NCUXMjAaTPH]CKH JICKOBH, aHTHOMOTHIH,
UTH.), KA0 W TMECTUIHUAN (MHCEKTUIWAW, (YHTHUIUIN, XCpOWUIMION, WUTH.) MPHUCYTHH Y
JKUBOTHO] CpEIMHM, VKIbY4dyjyhin W BojgHE pecypce (MOBPUIIMHCKE BOJE, OTIAIHE BOJE,
MOJI3eMHE BOJIE) CBPCTaBajy ce y T3B. OpraHcke eMmeprentHe 3aralyjyhe cymncranie (eHr.
contaminants of emerging concern, CECs). OBe 3aral)yjyhe cyrncranmey »HBOTHY CpeaHHY
JOCTIEBajy Ppa3NUYATHM aHTPOMOTCHUM AaKTHBHOCTHMA, Ka0 INTO Cy MPOU3BOAKA U
ynotpeba Mpou3Boja KOju CaJpiKe OBE CYICTaHIIE, ajli Hajuelie MPeKo TOKOBA OTMAJIHUX
Bona. Mako ce y mpupoHuM BoamMa MOry HahH Y HUCKHM KOHIICHTpaIrjama (01 HEKOJIHKO
ng/L mo pg/L), oHU MpecTaBibajy MOTEHIHjATHY EKOJIOIIKY IPETHY 32 €KOCHCTEME U JBYIE,
U YTHIQ] OBHUX jeAMI-CHA HA JbYACKO 3[paBibe je Hajuemhe HEMO3HAT, HAPOUMUTO Kaja ce
pa3MaTpa HCTOBPEMEHH yTHUIIa] MPUCYCTBA BEIUKOT Opoja OBUX jenumema [1, 2].

XUIpoyribeBU JOOUjeHN U3 pa3InduTe OuoMace XHApOoTepMaTHOM KapOOHH3aIHjoM,
NPE/ICTaBIbajy YIIbEHHYHE MaTepHjalie KOjH Cy NMPUBYKIN 3Ha4YajHy NaXmiby Kao epUKacHH
aJicopOCHTH 3a yKJIamame 3araljyjyhux cymcranimms Bojge. OBH MaTepHjalid ce MOTY
MIPOM3BECTH OJ BIaKHE OTMAaAHE Onomace 0e3 MOCTyNKa CyIIeHa, IITO CHHTE3y YHHU
C€KOHOMUYHH]OM, a OBE MaTepHujajic UCIUIATIFUBUjUM M CKOJOIIKU MPUXBAT/BUBUjUM. 300T
CBOjUX CIEIU(PHUYHUX CBOjCTaBa, Kao IITO Cy BEJIHMKA CreNM(UYHA TMOBPIIMHA W BEJIMKA
MOPO3HOCT, OBU YIJbEHUYHHU MATEPHjaIH MPEICTaBIba]y OJPKUBE aJCcOpPOCHTE Ca BUCOKHM
MOTCHIIN]alIOM Y YKIamkaky Pa3INdUTHX Opranckux 3aralyjyhux cyncranuuus soze [3].

VY oBOM pany je wcrnuTaHa e(hUKACHOCT NMpPHUMEHE XHAPOYyriba Kao aucopOeHTa y
yKIamamky GapMareyTHka u nectunmaa u3 monente cMeme CECs-jenumemanpunpemMibeHe
Yy BOJCHOM MaTpHUKCy. XUAPOYTalb je CHHTETUCAH U3 MIUbEBUHE PBETa Y KOMEPIIH]jaTHOM
peakTopy o Hephajyher yenuka pu peakIIMOHUM YCIIOBUMA: OJHOC YBPCTE/TedHe (ase je
1:10, Temneparypa 300 °C, mputucak 20 bar, Bpeme Tpajama peakuuje 165 mun. Kao
MOJICITHA CMelNIa ,,0TIaaHe” Boie KopulitheHa je cMenia o 12 gapmarietnka u 14 nectuimaa
IpUIpeMIbeHa y BOIM BHCOKOT CTeneHa urcrohe, y KoHmeHTpanujama ox mo 300 ng/L 3a
CBAKO jelMI-CHhe. AJICOPIIUja MONyTaHaTa M3 BOJC BPINCHA je MPUMEHOM XHUIPOYIJba
konueHtpanuje 1,0 g/l y mepuony ox 24 h. 13 y3opaka Bojie HAKOH TpeTMaHa XUAPOYTIHEM
MONyTAaHTH Cy EKCTPaXxOBaHW NMPUMEHOM EKCTpakiijeHa uBpctoj dasu (eHr. solid-phase
extraction, SPE) u xBaHTH(UKOBaHM KOpHUIIhEeHmEM  yITpa-MPUTHCHE  TEUHE
xpomarorpaduje y komOnHanuju ca MaceHoM criekrpomerpujom (UHPLC-MS/MS).
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EdukacHOCT nmprMemEeHOT XUAPOYIJba Kao afacopOeHTa y yKIamamy MEeCTHIHIA
(dapmareyTHKa U3 BOJC je MpHKazaHa Ha ¢y 1. Moxke ce youuTu aa ce e(pUKacHOCT
yKiIamama nectunnaa kpehe y omcery 5,8-96 %. Ilectunmam 4mjy je CTENEH yKIamarmba
n3Han 90 % cy ManaTHOH, THa3HHOH, TIPOITMKOHA30, KapOapuil U IMHYPOH, JIOK je HajMambU
CTETICH YKIamama 3a0eexeH Kol TpuxiophoHa. Y ciiydajy GapMmaleyTHka, XuapoyrbeM
ce IIOCTIKE yKIamame H3Ha 50 % KoJ CBUX HCIIUTUBAHUX jeANbeba. DapMarney THIIN YHju
je crereH yknamarba n3Haza 90 % cy: mponaHoio, AMITHA3EM XHIPOXIIOPHUL, EPUTPOMHILIH
MUKC, KIIADUTPOMUIIMH U OeH30puOpaT.
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Crnuxa 1. [IpoueHar ykiamama eMepreHTHUX 3aral)yjyhux jenumema U3 Boje
MIPUMEHOM XUIPOYIJba HaKOH 24 h

IMpowsunasu ma xuapoyrajb A0OMjeH U3 OTHAAHE JpBHE OHOMAace MOXE Ja
npencTaBba edukacaH ancopOeHCy TpeTMaHy OTHAIHUX BOJA, AU j€ HEOIXOIHO
HACTaBUTH HCTPAKUBAma y MPaBIly peaHUX y30paka u MOTyhHOCTH pereHeparyje u/mim
ojJarama uckopuirheHor ajcopOeHca.
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109132.
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3. Cavali, M., Libardi Junior, N., de Sena, J.D., Woiciechowski, A.L., Soccol, C.R.,
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Environ. 857 (2023) 159627.

3axBagHHIA - OBO HCTpaKUBamE je CIpoBeneHOy okpupympojekta TwiNSol-CECs koju ce dunancupa
oncrpane Horizon Europe nporpama y okBupy yroopa o rpanry op. 101059867.
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IIpesuMuHapHA HCIMTHBAKA NPUMEHe NO/LONPUBPETHOT 0THAIA KA0
OmocopOeHTa 32 yKJIalkbamhe eMepreHTHHX 3aral)yjyhux cyncranuu us sojae

Preliminary studies of agricultural waste as a biosorbent for the removal of
chemicals of emerging concern from water
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Emeprentne 3araljyjyhe cyncranue (eHr. contaminants of emerging concern, CECs)
Beh TyK¥ HH3 TOJIMHA IPUBIIAYE MAXKEbY jJABHOCTH 300T IPUCYCTBA Y )KUBOTHOj CPEIUHH Kao
Y HeJI0CTaTKa MoJlaTaka O lbUX0BOj CyJOWHU U YTHIIA]y Ha 3/paBibe Jbynu. [lo3Haro je na je
BUXO0BA [0jaBa y BOAHUM TEJIMMa [IOBE3aHa ca HCHYIITamheM eiyeHara ca HOCTpojermha 3a
o0pagy OTHagHWX BOJAA MHIYCTPHjaIM30BaHMX W ypOaHuMX moxapydja. KonBenmmonamna
MocTpojera 3a mNpedninhaBarke KOMYHAIHHX OTIAJHHX BoJa HHCY AW3ajHHpaHa 3a
VKJIamhakhe OBAKBUX OPTaHCKUX jeHIbEHa, Na ce 300T Tora y obpalheHoj Boau Mory Hahu
Kao0 XeTeporeHe cMmernie. 3a BIX0BO YKIamamke NOTPeOHO je IPUMEHHUTH JOJaTHE HAaIlpeIHe
TEXHUKE MOMYT MeMOpaHCKe (WITpanWje WIH aJCOpIIHje AaKTUBHUM YIJbEM Y
KOMOMHAIMjH ca OKCUAALMOHUM Tipouecuma [1].

Jeman on moryhux mocrymaka o0paje Boae je OHOCOpIIMja Koja MOjApa3yMeBa
MpUMEHY OHMOJIONIKUX MaTepHjaja Kao ajcopoeHata (OnocopOeHTH), KOju OW MMOTEHIIH]aTHO
3aMCHIWIM AaKTUBHH yrajb. [lOCIEeNIbMX HEKONUKO JACICHHUja, OTMAIHU JHMTHOLCTYIO3HU
MaTepHjali ce aKTHBHO HCITUTY]Y 3a YKIamame 3aral)yjyhux jenumerna u3 Boe 300T HUCKE
LIeHe, IOCTYMHOCTH, T€ MOT'yYhHOCTH pereHepaiiyje OnocopbeHTa u pexyrnepanyje aacopoara

[2].

3060r MHOTOOPOjJHUX XUAPOKCHIHHUX, KAPOOKCUIIHUX, KAPOOHWIHHUX, aJIICXUIHUX H
(eHONHNX Tpyma NPHCYTHUX Y CTPYKTYpH, CyBa cTabJpMKa MaJlMHE CE MOKasama Kao
epukacan OMOCOPOCHT 3a YKIIamame jOHA IIECTOBAJCHTHOr Xpoma Hu3 Bojae [3], ma je
UCIHTaHa MOTYRHOCT IIPHUMEHE OBOT MaTepHjalia 3a YKIAhamhe OPraHCKHUX jeIUbEHha KOjU
npunanajy rpynu eMeprentHux 3arahyjyhux cyncranmm. Oriienn ¢y U3BeAeHH y yCIOBUMA
niap>KHe aJCopIIHje, MEeIIambeM YeCTHIa caMieBeHe cTa0sbrke ManmuHe (224 — 400 um) y
KoHUeHTpauuju 1 g/l u MozmenHe cMmente 25 eMepreHTHUX 3aral)yjyhux cyncTaHim Tokom
24 h. Mopenna cmema je mpumnpeMibeHa off (apMalleyTCKU aKTHBHUX jeAUIEHa H
MECTHIIMA Yy BOJIM BUCOKOT CTeleHa yicTohe, y koHeHTpaiujama of mo 300 ng/L 3a cBako
jenumeme. M3 y3opaka BoJe HakKOH ajcopriyje, mpeoctana 3arahyjyha jenumema cy
€KCTpaxoBaHa IPUMEHOM eKCTpakiije Ha yBpcToj ¢as3u (eHr. solid-phase extraction, SPE)
Y KBaHTH()HUKOBAHY KOPUIITNEHEM YITPA-IIPUTUCHE TeUHE XpoMaTorpaduje y KOMOUHAIH]H
ca maceHoM criektpomeTpujoM (UHPLC-MS/MS).

Ha cmmmm 1 mpukaszaHa je e(pHKacHOCT YKIamama IOjeJHHUX EMEPreHTHHX
saral)yjyhux cyncraHmm dYecTHIaMa CyBe CTa0JbUKE MaIMHE M3 MOJETHE CMeIIe.
EdukacHocT yknamama, 3a ogadpaHe cymncrasie, ce kperana ox 41 % no gak 96 %. Ha
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ucnuTanu OnocopOeHT Haj0oIbe Cy ce Be3nBasn MenaTHoH (96 %), nmpomuokonason (96 %)
u iporntanoon (89 %).
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Crnuxka 1. EdukacHOCT ykamama eMepreHTHUX 3aral)yjyhux jenumemna u3 BoJe
NPUMEHOM YECTHIIA CYyBEe CTA0JbUKE MaIMHE

Yectune cyBe craOsbuke MallMHE Kao jeTHH OMOCOpOEHT MMajy MOTEHIHjal 3a
VKJIambamke MOjeIUHNX jeANbCha U3 TPpyIe eMepreHTHHX 3aral)yjyhux cyrcTaHiy, amy je
NOTpeOHO CHPOBECTH Jlajba WMCTPAKHMBamka Kako OM ce yTBPAMIM ONTUMAIHH YCJIOBH
npoleca, KarnauTeT aJcopiyje Te MOryhHOCT Jecopriyje Be3aHUX CYICTaHIIN.
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Uklanjanje odabranih organskih i neorganskih polutanata iz efluenta
postrojenja za prefiS¢avanje komunalne otpadne vode hibridnim
membranskim procesima

Removal of selected organic and inorganic pollutants from wastewater
treatment plant effluent by hybrid membrane process
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Pojedini organski mikropolutanti (OMP) se bez obzira na moguénost dobrog
uklanjanja velikog broja jedinjenja bioloskim tretmanom i dalje detektuju u efluentima
otpadnih voda (ng/L-pg/L) [1]. Kofein, ibuprofen i diklofenak su medu njima [2]. Iz tih
razloga je poslednjih godina intenzivirano istrazivanje naprednih tretmana otpadnih voda
zbog potrebe za njihovim zavr$nim poliranjem. U tu svrhu je primenjena adsorpcija na
aktivnom uglju u prahu (PAC) zasebno, u kombinaciji sa ultrafiltracijom (UF) i
koagulacijom [2,3,4,5]. Pored toga, komunalne otpadne vode sadrze i vrlo niske
koncentracije neorganskih mikropolutanata. Skorasnji pregled literature je pokazao da su
koncentracije arsena (As), hroma (Cr), bakra (Cu) i cinka (Zn) u sirovim komunalnim
otpadnim vodama i efluentu postrojenja za preciscavanje komunalne otpadne vode reda
veli¢ine od nekoliko pg/L do mg/L [6].

U ovom radu je ispitana primena hibridnih membranskih procesa, UF u kombinaciji
sa PAC (doza 5 mg/L) zasebno ili sa koagulantima za uklanjanje ibuprofena (IB), kofeina
(CF) i diklofenaka (DCF) iz efluenta postrojenja za prec¢is¢avanje komunalnih otpadnih voda
pri pocetnoj koncentraciji od 2 do 3 pg/L. Pored lekova, ispitana je i efikasnost uklanjanja
As, Cr, Cu i Zn pri poéetnim koncentracijama oko 100 pg/L. Za koagulaciju su zasebno
primenjeni gvozde (I1I)-hlorid (FeCls)(doza 4 mg Fe/L) i prirodni koagulant, izolovan iz
semena pasulja (doza 0,033 ml/L) u laboratoriji Tehnoloskog fakulteta u Novom Sadu. Sva
istrazivanja su sprovedena na laboratorijskom pilot postrojenju za ultrafiltraciju. Svaki
eksperiment je ponovljen u tri filtraciona ciklusa, pri fluksu 80 L/(m?h).

UocCeno je da za sva cCetiri ispitivana procesa (UF, PAC/UF, PAC/FeCl3/UF i
PAC/prirodni koagulant/UF) uklanjanje fluktuira od toga da nije uoc¢eno do 68 %, 87 %, 87
% i 50 %, redom. Sto se ti¢e neorganskih mikropolutanata, hibridni membranski procesi su
se pokazali najefikasniji u slucaju Zn (postignuti efekti su 44-50 % za PAC/UF proces, 78-
87 % za PAC/FeCls/UF proces i 59-71 % za PAC/prirodni koagulant/UF proces) i Cr
(postignuti efekti su 33-75 % za PAC/UF proces, 41-87 % za PAC/FeCl3/UF proces i 58-76
% za PAC/prirodni koagulant/UF proces). Najmanja efikasnost je utvrdena za As (od toga
da nema uklanjanja do 19 % za sve primenjene procese). U slucaju Cu, jedini relevantni
rezultati su postignuti u slucaju PAC/FeCls/UF procesa 37-42 %, a primenom PAC/prirodni
koagulant/UF procesa je uklonjeno 28-50 %.
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Klomazon (IUPAC: 2-(2-hlorobenzil)-4,4-dimetil-1,2-oksazolidin-3-on) je selektivni
herbicid iz grupe izoksazolidinona, koji se na osnovu svojih fizi¢ko-hemijskih karakteristika
moze svrstati u grupu pesticida koji predstavljaju potencijalne kontaminante povrsinskih
voda, dubljih slojeva zemljista i podzemnih voda.

Glina i organska materija, pre svega huminske kiseline (HA), su glavne sorbujucée
komponente zemljista. Literaturni podaci ukazuju da u sorpciji klomazona u zemljistu
ucestvuje ili organska materija [1-3]ili glina i organska materija [4,5]. S toga je cilj ovog
radabio ispitati potencijal HA i glina izdvojenih iz razli¢itih tipova poljoprivrednog zemljista
sa podrucja Republike Srbije (rendzina, ¢ernozem i smonica) u sorpciji klomazona, odnosno
odrediti njihov remedijacioni potencijal.

Za proucavanje sorpcionog ponasanja klomazona i odredivanje njegovih sorpcionih
konstanti (Kq) za pomenute supstrate je koris¢en batch metod [6], zasnovan na ravnoteznoj
raspodeli molekula klomazona u sistemu supstrat/vodena faza. U sluc¢aju HA, sistem se
sastojao od smeSe 25 mg supstratai 2,5 mL rastvora odredene koncentracije (0,5 — 25
[ g/mL)klomazona u 0,01 M CaCl,, dok je u sludaju glina sistem sadrzao 250 mg gline i 2
mL pomenutih rastvora. Svaka smeSa je homogenizovana 24 h radi dostizanja ravnotezne
raspodele ovog jedinjenja izmedu dve faze sistema. Nakon centrifugiranja, vodena faza je
analizirana HPLC-om opremljenim sa PDA detektorom, pri ¢emu su Kqg koeficijenti
klomazona za proucavane supstrate racunati kao odnos koncentracije pesticida koja je
sorbovana za supstrat (Cs) i koncentracije jedinjenja koja je zaostala u vodenoj fazi (C.), u
uslovima ravnotezne raspodele. Adsorpcione izoterme su dobijene primenom Frojndlihove
jednacine na eksperimentalno dobijene rezultate, pri ¢emu su Frojndlihovi koeficijenti K i
n, dobijeni primenom linearne forme Frojdlihove jednacine.

Dobijeni rezultati ukazuju da je sorpcija klomazona mnogo veca za HA nego za gline,
i da opada u sledeem nizu: HA, rendzina (K¢=114,02 mL/g) >HA, smonica
(K¢=97,71 mL/g) >HA, Cernozem (K4=91,24 mL/g)>> glina, smonica (Ks=2,29 mL/g)>
glina, ¢ernozem (Kq=2,16 mL/g)>glina, rendzina(K=1,61 mL/g).

Da je sorpcija klomazona za HA znatno veca nego za gline, ukazuju i vrednosti
Frojndlihovih Ky koeficijenata, koji za pomenute supstrate imaju sledec¢e vrednosti:
K~=188,63 (HA, rendzina), K=170,61 (HA, smonica), K=167,19 (HA, ¢ernozem), K=1,80
(glina, ¢ernozem), K=1,10 (glina, rendzina) i K=0,98 (glina, smonica). Dobijene vrednosti
Frojndlihovih 1/n koeficijenata ukazuju da su izoterme dobijene za sve analizirane HA L-

71



ENVIROCHEM2023

tpa (0,767, 0,698 1 0,708 za HA poreklom iz zemljista tipa rendzina, ¢ernozem i smonica,
redom), §to ukazuje na snaznu sorpciju molekula klomazona za sorpcione centre analiziranih
HA pri nizim koncentracijama pesticida, pri ¢emu ona opada kako koncentracija jedinjenja
raste. Sa druge strane, izoterme dobijene za gline poreklom iz rendzine i smonice (1/n=1,146
i 1,342, redom) su tzv. S-tipa, $to ukazuje na slabiju adsorpciju klomazona za sorpcione
centre supstrata pri nizim koncentracijama pesticida u sistemu, nakon c¢ega se sorpcija
pojacava, da bi pri ve¢im koli¢inama pesticida u sistemu, ona opet pocela da se smanjuje
(postepena saturacija sorpcionih centara supstrata). [zoterma dobijena za glinu izdvojenu iz
zemljiSta tipa Cernozem (1/n=1,074) je C-tipa i karakteriSe je linearna zavisnost izmedu
sorbovane koli¢ine klomazona i koli¢ine ovog pesticida koja zaostaje u rastvoru u sistemu
glina/voda.

Prikazani rezultati ukazuju da HA imaju dobar sorpcioni potencijal za klomazon,
odnosno da se mogu koristiti za remedijaciju zemljiSta i razli¢itih vodenih sistema
kontaminiranim klomazonom. Dodatne FTIR analize treba da pokazu koje funkcionalne
grupe HA 1 glina su odgovorne za vezivanje molekula klomazona i samim tim objasne
razlike u veli€ini sorpcije izmedu razli¢itih HA i glina poreklom iz razli¢itih zemljista.
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The data about boron (B) association with cancer and particularly with lung cancer
are insufficient. Decreased boron intake was associated with increasing odds of lung cancer,
while boron-enriched diets reduced the risk for prostate, cervical and lung cancer [1]. On the
other hand, there are no enough data to observe boron or its compounds as carcinogenic.

A total of 36 male patients (39-84 y) with stage IIIB and IV inoperable lung
adenocarcinoma from the Institute for Lung disease of Vojvodina, Sremska Kamenica were
enrolled and asked for their morning urine samples. The urinary boron concentration was
determined by ICP-MS. None of the patients was professionally exposed to boron.

Boron was detected in all 36 urine samples with 52.78 % (19/36) below the lower
reference limit (700 pg/L) for healthy adults given by the Tox Guide of the US Agency for
Toxic Substances and Disease Registry. One sample had urinary boron content that exceeded
the upper reference value (6600 pg/L) defined by the ToxGuide with 6691.85 pugB/L or
7983.41 pgB/g creatinine (Cr). The 25th, the 50th, the 75th and the 95th percentile were
483.26 ugB/L, 664.89 pngB/L, 1058.94 ngB/L and 4007.43 pugB/L, respectively.

All lung adenocarcinoma patients (with inoperable stage I1IB-IV) from Vojvodina
were detected with boron in their urine samples and more than 50 % had urinary boron
content below the lower reference limit for healthy adults. One patient had urinary boron
content that exceeded the urinary levels for healthy adults. Further investigations are needed
to investigate if dietary boron may reduce lung cancer risk.
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Succinimide derivatives have been examined for broad range of various
pharmacological effects as antiepileptic, proapoptotic, antifungal, anticancer, antibacterial
and cytotoxic, analgetic activity, and also have anticholinesterase and antioxidative potential
[1-2]. Nevertheless, their influence on the environment has not been examined yet.

In silico techniques are applied for environmental hazard assessment in order to
evaluate the persistence, bioaccumulative and toxicity potentials of organic chemicals.
Fathead Minnow (Pimephalespromelas) toxicity is an important basis of hazard and risk
assessment for molecules in the aquatic environment. Several quantitative structure—toxicity
relationship (QSTR) and quantitative structure—activity relationship (QSAR) models were
developed to predict Minnow toxicity.

Newly synthesized succinimide derivatives (71 compounds divided in A, B, C, D, E
and F series) were observed in this research. For each compound pkCSM [3] package was
applied for calculating in silico their Minnow toxicity also expressed as log mM. Swissadme
program [4] was applied to determine the physico-chemical properties of the observed
compounds such as lipophilicity expressed as MlogP and molar refractivity (MR).

The minnow toxicity (log mM) had a range from -1.862 to 1.813 with mean + SD
equal to 0.405 + 0.716. The predicted minnow toxicity was associated with both MlogP
(r>=0.446, p<0.001, Figure 1a) and MR (r>=0.638, p<0.001, Figure 1b) in a statistically
significant manner.

Based on in silico obtained data the Minnow toxicity of the 71 analysed succinimides
decreases with increasing their lipophilicity and molar refractivity.
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Figure 1. Association between aquatic (Minnow) toxicity and a) lipophilicity and b)
molar refractivity
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High levels of arsenic (As), whether ingested from drinking water and food or inhaled
from the air, was recognized as the risk factor for lung cancer and cancer in general [1].
There are inconsistencies in whether low to moderate arsenic concentrations are associated
with lung cancer.

In this research, 36 male patients (39-84 y) with stage IIIB and IV inoperable lung
adenocarcinoma from the Institute for Lung disease of Vojvodina, Sremska Kamenica, were
enrolled. ICP-MS was applied to determine the arsenic content in their morning urine
samples. None of the patients was professionally exposed to arsenic.

Arsenic was detected above the quantification limit in all 36 urine samples. Moreover,
44.44% (16/36) had urinary arsenic above 10 pg/L. Among them, one had a level above 100
ugAs/L, the upper As reference limit for healthy adults given by the Tox Guide of the US
Agency for Toxic Substances and Disease Registry. After dilution was taken into account,
47.22% (17/36) patients were observed with arsenic levels above 10 pg/g creatinine (Cr) in
the urine morning samples. The 95th percentile for urinary arsenic level among
adenocarcinoma patients was 74.51 pgAs/L without the dilution factor, and 94.33 pngAs/gCr
with the dilution included.

All patients in the study with diagnosed lung adenocarcinoma (with inoperable stage
IIB-IV) from Vojvodina are exposed to arsenic. However, only one had a urinary arsenic
level that exceeded the reference limits for healthy adults. It would be valuable to assess the
main exposure pathways of As and to characterize the risk of lung adenocarcinoma among
patients.
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Drug safety is considered as one of the most important demands for the drug
candidates. In silico and in vitro analysis in the early stage of the drug candidates design
provide significant data that give an insight in their safety profile [1].

The retention behaviour of 59 newly synthesized succinimide derivatives divided in
five series (A, B, C, D and E) was studied by reversed chromatography. As stationary phase
precoated RP-18W/UV 254 plates were used and binary solutions of water with acetone with
a varying volume faction of organic solvent were applied as the mobile phase. After
development, the spots were detected at 254 nm with UV lamp and Rf values were measured.
Software package i-lab 2.0 [2] was applied for determining theirin silico LDso on rats after
per oral application (rats, p.o) based on the compounds structure.

The obtained LDsy (rats, p.o) according to i-lab 2.0 varied from 520 to 3300 mg/kg
(Table 1). Structurally similar registered antiepileptic mesuximide (Celontin®) has LDs
(rats, p.o) 960 mg/kg. Most of the compounds have been predicted with LDso above the
values of mesuximide and can be observed as generally safe. Only 12 compounds (all from
the most lipophilic B—series, Table 1) have been predicted to have lower values for LDsy
(rats, p.o) which varied from 520 to 900 mg/kg. Retention constants Ru” were determined
as measurement of lipophilicity for each compound. Statistically significant negative linear
association was observed between experimentally determined lipophilicity expressed as Ry’
and in silico predicted LDso (r*=0.439, p<0.001, Figure 1).

Table 1. LDso (rats, p.o) according to i-lab 2.0 for five series of succinimide

derivatives
Series N Mean SD Minimum | Median | Maximum
A 12 1516.67 376.18 1100 1450 2300
B 14 687.86 129.21 520 725 970
C 13 1769.23 555.85 1200 1600 3300
D 11 1527.27 384.94 900 1500 2200
E 9 1138.89 212.16 890 1100 1600
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The observed succinimide derivatives based on the in silico prediction can be
observed as generally safe with high LDsy values on rats which increased with structural
changes that decreased their lipophilicity.
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U ovom radu su prikazani rezultati ispitivanjasadrzaja olova (Pb) u zemljistu teksturne
klase Ilovaca. Kao sredstva za izluzenje koriSteni su ultracista voda, TCLP (Toxicity
Characteristic Leaching Procedure) [1] ekstrakcioni rastvor, DTPA (dietilenpentasiréetna
kiselina) estrakcioni rastvor [2] i carska voda (Aqua regia, AR). Nakon izluzenja vodom
odredivana je vodorastvorljiva forma Pb, sa TCLP je ispitivana toksi¢na koli¢ina Pb, sa
DTPA je ispitivana lako pristupac¢na forma Pb i sa carskom vodom ukupna koli¢ina Pb.
Rezultati ispitivanja su pokazali da je sadrzaj Pb najveéi 9008.4 mg/kg u carskoj vodi, u
DTPA 19 mg/kg, u TCLP sadrzaj Pb je 12.2 mg/kg, a u vodi < 5 mg/kg Pb. Rezultati su
ukazivali na to da je najveéi udeo Pb vezan za silikatnu frakciju zemljista, i kao takav se
tesko izluzuje sa TCLP, DTPA i vodom.

Podaci prikazani na slici 1 predstavljaju graficki prikaz nakon 24 satnog izluZenja.

1o0c0 9008.4
9000
8000
7000
6000
5000
4000
3000
2000
1000

5 19 12.2
0
H20 Pb, mg/kg DTPA Pb, mg/kg TCLP Ph, mgfkg AR Pb, mg/kg
1 2 3 4

Slika 1. SadrZaj Pb u razli¢itim ekstrakcionim sredstvima
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Polychlorinated biphenyls (PCBs) represent important environmental pollutants from
the group of persistent organic pollutants. Although the use of PCBs is banned in many
countries, but they still figure in the environment. Due to its lipophilic character and
accumulation in fats, food of animal origin is the one that is most exposed to accumulation
and the possibility of the presence of PCB residues [2, 3]. It can be said that fish can be
considered environmental indicators. Consumption of fish and fish products is growing
globally, because consumers see fish as a natural and safe product. Fish safety control and
testing for the presence of PCBs is important because it is an indicator of the state of the
environment.

The aim of this research is to present the current determination of PCBs in fatty tissue
of tuna fish. Gas chromatography coupled with mass spectrometry (GC/MS) was used for
the detection of selected polychlorinated biphenyls. The work was performed for validation
of the most important congeners (PCB 28, 52, 101, 153, 138 and 180) which are defined by
national and international legislation.

The first step in the analysis was the validation and optimization of the determination
method with simple and quick preparation using commercial extraction kits. The validation
of basic parameters was carried out according to the guidelines of the SANTE 11312/2021
guide for precise control of pesticides in food (European Commission, 2021). Calibration
curve, correlation coefficient, limit quantification (LOQ), recovery for the spike level of 10
ug/kg and precision are shown in Table 1. The tuna fish matrix was used for validation,
because it is necessary that the matrix of all the examined samples be identical with the
matrix used for calibration. The linear calibration coefficient was between 0.9968 and
0.9999 and limit quantification ranged between 2.5 and 3.8 ug/kg (Table 1). Table 1 shows
the signal-to-noise ratios for individual PCBs obtained at the lowest point of calibration, i.e.
the value of the PCB standard of 10 pg/kg. The value of S/N for the mass spectrum
acquisition frequency of the examined congeners were greater than 50. The enhancement in
S/N is largely attributed to moving the signal to a higher frequency domain, and a higher
value confirms greater accuracy, selectivity and precision in quantification. The signal-to-
noise ratio for the peak congeners of PCB 153 in the fish matrix is shown in Figure 1. The
validated method was used for the analysis of PCBs present in 30 samples of frozen tuna
from the Adriatic Sea.

Extraction and clean-up procedural steps were applied with some modifications of the
original developed QUEChERS method. The analysis was conducted on fish samples that
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were frozen before analysis and measured after homogenization. The content of
polychlorinated biphenyls is expressed as the amount of micrograms of PCB on wet fish in
order to comply with the units (ng/g of wet weight) prescribed by the regulation. The
presence of tested PCBs was not confirmed in the tested tuna samples.

Table 1. Basic validation data for selected polychlorinated biphenyl obtained by

using GC/MS
Congener Equation LOQ, Recovery Single to noise

R? (ng/kg + (RSD) % S/N

spike 10 pg/kg (10 pg/kg)

PCB 28 y=1.7187x+8.1233 0.9968 2.8 112.5+(12.8) 181.4
PCB 52 y=0.9286x-1.0346 0.9999 3.6 118.9+(14.1) 90.7
PCB 101 y=1.0429x-5.2194 0.9988 2.5 98.2+(11.6) 88.6
PCB 153 y=0.6871x+14.507 0.9984 3.8 97.7+(9.7) 98.1
PCB 138 y=0.7099x-2.3009 0.9981 3.6 108.9 + (16.8) 51.6
PCB 180 y=0.5010x+3.2130 0.9974 3.5 119+ (14.2) 52.6

Figure 1. Chromatograms of PCB 153 in SIM mode. Spiked blank tuna fish sample
after addition of 10 pg/kg standard of congener, extraction and clean-up. a) Estimation of
ratio single to noise (S/N) b) Peak area

The validated method can also be applied to routine analysis and monitoring of
processed tuna fish products on the Serbian market and improve food safety.
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Organic acids as solvents for leaching PAHs out of impregnated wood
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Polycyclic aromatic hydrocarbons (PAHs) are a group of hydrophobic organic
compounds, which are ubiquitous in the environment. Some of them exhibit toxicity,
mutagenicity, and carcinogenicity [1]. There is a high PAH content in creosote impregnated
wood [2].

Creosote impregnated wood which was used and discarded becomes hazardous waste.
Concentration of PAHs in used impregnated wood can be reduced by leaching with suitable
solvent systems. Thus, the aim of this study was to compare different organic acids solvent
systems for leaching PAHs out of impregnated wood to obtain non-hazardous waste.
Leaching tests on impregnated wood were performed with 15 % water solution of urea,
concentrated formic acid, 15 % solution of urea in formic acid and glacial acetic acid [3].
Concentration of PAHs in extracts was measured by GC-FID technique. Polycyclic aromatic
hydrocarbons that were determined are naphthalene, 1-methylnaphthalene, acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo[a] anthracene and
chrysene.

Table 1. Relative concentration of PAHs in four different extracts from creosote
impregnated wood.

Relative concentration 15 % water Concentrated 15 % solution of Glacial
solution of urea formic acid urea in formic acid | acetic acid
naphthalene 0.09 0.45 0.55 1
I-methylnaphthalene 0.05 0.68 0.68 1
acenaphthene 0.01 0.65 0.67 1
fluorene 0.01 0.59 0.61 1
phenanthrene 0.003 0.59 0.59 1
anthracene 0.005 0.43 0.45 1
fluoranthene 0.001 0.56 0.57 1
pyrene 0.002 0.59 0.57 1
benzo[a] anthracene n.d. 0.50 0.50 1
chrysene n.d. 0.64 0.57 1

n.d.- Not detected
Data presented in Table 1. show that water solution of urea had the lowest extraction

ability according to PAHs among tested solvent systems. Concentrated formic acid and
solution of urea in concentrated formic acid indicated similar extraction ability according to
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PAHs which was higher than previous. Glacial acetic acid showed the highest extraction
ability according to PAHs among all solvent systems.
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Odredene soli nitrita se Siroko koriste u industrijskim proizvodnim procesima.
Medutim, nitriti mogu imati Stetne efekte po zdravlje ljudi posebno kada se unose u
prekomernim koncentracijama. Kada se nitritni jon unese u ljudski organizam, dolazi do
oksidacije ferohemoglobina u ferihemoglobin §to dovodi do zna¢ajnog gubitka sposobnosti
hemoglobina da prenosi kiseonik. Osim toga, nitriti mogu da reaguju sa sekundarnim
aminima i proizvode nitrozamin, §to moze dovesti do pojave raka [1].Prema podacima
Centra za kontrolu bolesti (CDC), oko 80 % nitrita unetih u ljudski organizam je poreklom
iz povréa, a preostalih 20 % je poreklom iz vode za pic¢e. Nitriti uticu na kvalitet vode za
pice i indikatori su zagadenja vode i zato je njihovo odredivanje vazno.

Zbog niskih maksimalno dozvoljenih koncentracija, veoma je vazno razviti visoko
osetljiv i pouzdan nacin za odredivanje nitrita u vodi. Danas se koriste mnoge metode
detekcije, kao Sto su spektrofotometrija, jonska hromatografija, spektrofluorimetrija,
kapilarna elektroforeza, kao 1 gasna hromatografija-masena spektrometrija nakon
odgovaraju¢e hemijske modifikacije [2]. Pored ovih metoda, elektrohemijski pristupi su
povoljni za odredivanje nitrita zbog brzog odgovora i jednostavnog rada, ali su takode i
ukljuéuju redukciju i oksidaciju nitrita na elektrodi. Medutim, na nemodifikovanoj ¢vrstoj
elektrodi odredivanje nitrita je ograniceno jer se moze zaprljati povrsina elektrode i1 time
smanyjiti osetljivost i tacnost.

U ovom istrazivanju, sintetisani su kompozitni nanomaterijali koji su kori$¢eni za
modifikaciju elektrode od ugljeniéne paste. Materijali su sintetisani metodom
koprecipitacije, a koriS¢ene su soli nikla i bizmuta. Morfoloske karakteristike materijala su
ispitane skenirajuom i transmisionom elektronskom mikroskopijom i rendgenskom
strukturnom analizom. Na osnovu cikli¢ne voltametrije i elektrohemijske impedanse
modifikovana elektroda pokazuje bolje elektrokataliticke osobine od nemodifikovane
elektrode (Slika 1). Optimizovani su radni uslovi (procenat modifikacije, pH, brzina
skeniranja) i prikazani su u Tabeli 1.
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Slika 1. Elektrohemijsko ponasanje modifikovane elektrode u odnosu na nemodifikovanu
elektrodu u 5SmM [Fe(CN)6]*"*i 0.1 M KCl

Tabela 1. Odabrani parametri za razvoj analiticke procedure

Parametar Odabrane vrednosti

Procenat modifikatora 5%

pH vrednost osnovnog elektrolita | 6

Brzina skeniranja 50 mV/s

Za metodu detekcije i kvantifikacije nitrita je odabrana polarografija sa pravougaonim
talasima i izvrSena je optimizacija parametara (korak potencijala, amplituda i frekvencija).
Kalibraciona kriva, snimljena pod optimizovanim uslovima, pokazala je Sirok opseg
linearnosti razvijene metode, sa minimalnim efektom ometajucih Cestica. Prakti¢na upotreba
u realnim uzorcima je pokazala minimalni efekat matriksa uzoraka i zadovoljavajuce
slaganje sa pripremljenim uzorcima.
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Tokom protekle decenije doslo je do velikog nau¢nog i javnog interesovanja za uticaj
plastike na Zzivotnu sredinu, Zive organizme, ukljucuju¢i ljude i zivi svet u morskim
ekosistemima. [1]

Izdvajanje plasti¢nih Cestica iz uzorka radi njihove detekcije i dalje karakterizacije
predstavlja veliki izazov jer su ¢esto pomesne sa velikim koli¢inama mineralnih i biogenih
organskih supstanci. Primenjeni protokoli treba da ostave intaktne sinteticke polimere
prvenstveno u pogledu njihove hemijske strukture, a zatim i u pogledu njihove tezine,
zapremine, oblika i, ako je potrebno, boje. OCuvanje hemijske strukture ili povrSinske
strukture i morfologije polimera u velikoj meri zavisi od odabira adekvatne metode digestije.

[2]

U ovom istraZivanju ekstrakcija mikroplastike (MP) iz morskih organizama se
zasnivala na viSestepenoj digestiji, kao i na kombinovanju hemijske i enzimske digestije.
Prvi stepen je hemijska digestija, koja podrazumeva upotrebu jakih alkalnih uslova sredine
(KOH koncentracije 10 %), a drugi stepen ekstrakcije je digestija sa dva enzima, prvo
pepsinom i zatim pankreatinom. Poslednji korak koji je od velike vaznosti za dalja spekralna
ispitivanja je bila upotreba oksidativnih reagenasa, odnosno vodonik peroksida,
koncentracije 15 %.

Analizirani su standardi cestica MP vrste PP veli¢ine 500 pm, PVC veli¢ine 120 um,
PS veli¢ine 500 um i PET veli¢ine 120 pum. Cestice su dodate pre digestije (spike), a nakon
§to su prosle digestiju po optimizovanom protokolu su analizirane primenom pFTIR-
spektrometra.

Kod cestica PP, PVC i PS ne dolazi do promene strukture i nalazene su Cestice sa
velikim procentom podudaranja nakon digestije. Rezultati prikazani u Tabeli 1 pokazuju da
se odredeni tipovi plastike izlozeni hemijskoj i enzimskoj digestiji, kao 1 eventualnom
taloZzenju bioloSkog materijala, identifikuju sa manjim stepenom podudaranja sa bazama
podataka, nego pre tretmana. I pored toga, procenat podudaranja sa bazama je iznosio za PP
do 90 %, za PVC do 94 %, za PS do 68 % 1 za PET do 70 %.
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Tabela 1. Podudaranje razli¢itih vrsta mikroplastike sa bazom podataka pre i posle

digestije
Vrsta plastike Velicina Podudaranje sa bazom | Podudaranje sa bazom
Cestica pre digestije posle digestije
Polipropilen (PP) 500 pm 93 % 90 %
Polivinil-hlorid 120 pm 95 % 94 %
(PVO)

Polistiren (PS) 500 pm 76 % 68 %

Polietilen- 120 pm 79 % 70 %
tereftalat (PET)

Podaci prikazani na slici 1 predstavljaju Sematski prikaz toka analize koja ukljucuje
viSestepenu analizu uzoraka, prebacivanje digestovane materije sa mikroplastiénim
Cesticama i karakterizaciju uFTIR spektrometrom.

Visestepena Prebacivanje T —
digestija dhgestovane malerijc o1 microF TIR analiza
microFTIR filter

Slika 1. Sematski prikaz toka analize
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VY uHAyCcTpHjcKoj 30HU Tpana KoruHa Hanmase ce ¢abprke Koje ce 6aBe MPOU3BOIHOM
QJIKOXO0JIa U CTOYHOT KBaclla, XpaHe 3a KyhHe JbyOuMIle, ceYerheM U 3aBPIIHOM 00pagioM
YeJrKa, MPOM3BOAK-0M IINPHIICBa B aMOaake 3a BaKIHWHE W JICKOBE, Kao W Hajpeha Ha
Bankany dapma meuypaka. [Topen Tora, Ha 11 km on KoBrHa je pyHHK KOjU yTash Baly ca
JHa je3epa Koje je moBe3aHo ca JlyHaBOM, M TpeACTaBiba jE€AWHCTBEHY IIOJIBOIHY
SKCIUIOATAIN]y YIJba Ha CBETY. YIPKOC HABENCHHM OpOJHHM IENaTHOCTUMA KOje MOTY
AMaTH YTHUIAja Ha KBAJIMTET MOBPIIMHCKUX BOJa, HeMa JlabopaTopHje Koja ce OaBH
BUXOBUM MOHHTOpHHTOM. CTOra je LuJb OBOT paja MpelMMHHApHA KapaKTepu3alluja
crerieHa onTepehiea MOBPHIMHCKUX BOJAA YKYIMHO MPHUCYTHHAM W CHCHH(UIHHIM,
HAaj3aCTyMJBCHUjUM YIJbOBOJOHUYHHMM 3araljyjyhum cyncrannama. Ysopiu KopumheHu y
paay y3eTu cy TOkoM HoBemOpa 2022. roauHe, ca MeT penpe3cHTaTUBHHUX JIOKalldja Ha
nonpy4jy KosuHa (cimka 1).

W ’ ey

"

Cc23 c2

g
-
Z |

Cio

]
Oy
———" 1

[
c29 | cn
[ | |
n | c2
Gt l WAy 5 i W "
S O I 9 . A . - W'
kb e el L LU

' % ‘ 3
Peraumono spese Perenumono spesie

Crnuxa 1. ITpuka3 iokanuja y30pKoBaHUX MOBPIIMHCKUX BoJia (Tope);
XpOMATOTpaM YKYITHE jJOHCKE CTpYyje eKCTpaKTa BojIa ca JIOKaIluja
Kanain (A) u [Tomasuna (Bb) (morne).

Hakon ogapehuBama ocHOBHUX mapameTapa (tabenma 1), Boje cy aHajIu3HpaHe
npuMeHoM ctaHaapaae meroge ASTM D1252-06 [1], kako Ou ce yTBpAWIe BPEAHOCTH
xeMujcke moTpommme knuceoHuka (XIIK). V mwby crnemmdunmpama Haj3acTyIBECHHjUX
YIJbOBOJIOHWYHHX 3araljyjyhux CyIcTaHIM, NPUMEHCHA je eKCTpakidja y3opaka BoJa
nomohy TpuxiopmeraHa. J[0OMjeHH EKCTPaKTH Cy HAKOH CyIIeHha W KOHIICHTPOBama
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xpoMmaTtorpadcku mpeunimheHn 1 aHaTU3UpaHd Ha TacHOM xpomarorpady Agilent 7890A
GC KymIoBaHOM ca KBaJIpYIIOJIHIM MaceHHM JeTekTopoM Agilent 5975C.

Ta6ena 1. KapakTepucTHKe U BpeTHOCTH ITapaMeTapa NCIIUTUBAHUX BOJA

Jokanuja Boja Mupuc pH T XIIK CPI CPI CPI n-C
(°C) | (mg/1 0z) | C16-C34 | C15-C20 | C25-C34 | maXx

JyHaBan 0e3 0oje 0e3 mupuca | 6,9 | 18,1 7 0,89 0,82 0,95 Ca6
Kanan KYTa Henpujarad | 6,8 | 17,3 75 1,28 0,95 1,54 Co7
[NowaBuna | cBeryioxkyra | Henpujaran | 7,1 | 17,6 27 1,15 1,02 1,25 Ca6
llsbyHKapa 0e3 6oje 6e3 mupuca | 6,8 | 18,0 31 1,04 1,43 1,08 Cas
Ilpua Bapa | cBetnoxyrta | mma mupuc | 6,5 | 18,2 57 0,71 0,99 0,71 Cas

CPI — Carbon Preference Index; n-Cmax — n-aJlkaHCKM MaKCHMYM.

UYetnpu on T aHANN3UPAHUX y30paka mokasyjy BpenHoctu XIIK kapakrepuctudne

3a kijacy III moBpmumHCckux Boga (tabema 1; [2]). HajzactymseHuMja crnenndudna
YIJbOBOJIOHWYHA JeTU-CHa Y CBUM y30pluMa cy n-ankanu (cimka 1). Hwku n-ajnkanu ca
Mame 011 20 YIJbeHHKOBHX aTOMa Cy IPUCYTHHU CaMO y TParoBUMa, IITO yYKa3yje J1a OBE BOJIE
YTIaBHOM HHCY H3JIO)KeHe 3araljerby CHpOBOM Ha(TOM, ITH3EIOM MM KEPO3WHOM. Y TpH
y3opka (ynasan, syakapa u Llpraa bapa), CPI BpexrocTu 3a meo omcer n-ankana (Cie-
Cs4), kao u 3a u BulIe (Czs5-Cz4) u HUXKE (Ci5-Cao, ca uzyserkoM lIbyHKape) n-ajnkaHcke
XOMOJIOTE Cy HIDKE WM Oucke 1, mTo y3 n-amkaHcke Makcumyme y orcery Ca4-Cos yKasyje
Ha JOTIPHHOC OPraHCKe CYIICTAHIIC AaKBaTHYHHX MakpopuTa, OaKTepHja, BacKyJIapHUX
Omwbaka W MaxoBHHa poaa Sphagnum [3]. TlpucyctBo Hwkux n-ankaHa (Cis5-Ca)
KapaKTepulIlle anre u 0akTepuje, 0K ce JOMHUHAIIMja HEMaPHUX HIDKUX XOMOJIOTa Y Y30PKY
[spyHkapa Moke oBe3aTH 3a uujaHoOakTepujama. Y y3opuuuma Kanan u [lowasuna CPI
BpeIHOCTH 3a 11eo oncer n-ankaHa (Ci¢-Css), Kao u 3a Butie xomonore (Cys-Cs4) Behe cy on
1, mTo y3 n-alnkaHCKH MakcuMyM y y3opky Kawnam Ha Co7 ykasyje Ha JONPHHOC BUIINX
cyBO3eMHUX Omibaka. MeljyTum mopes HaBeIeHUX MPUPOJHUX M3BOPA HIACHTH(PUKOBAHUX
n-ajkaHa, Tpeba nctahy 1a BeoMa CIIMYHE #-alTKaHCKe PAcIoesic MMajy MOTOPHA yJba, TEXE
(dpakumje yiba 3a J0KEeHE U TSYHH IPOU3BOIU MUposn3e urHuTa. O] moceOHOT 3Havaja je
W pe3yJITaT Jia je y eKCTPAKTY y30pKa Bojie ca jokaiuje [lomaBuiia JOMUHAHTHO jeIHHCHHE
eJIeMeHTapHHU cyMIiop (ciuka 1), mTo ce MOXkKe TTOBE3aTH Ca BEJIMKOM KOJIMYWHOM MYJba y
KojeM mpeoBial)yjy aHOKCHYHU YCIOBH, YCIIeA dYera cy (DaBOPH30BAaHU DPEAYKIIHOHU
XEMH]jCKH/OMOXEMH]CKH TIPOIIECH.
Pesynratin mpenmMUHAPHOT WCTpakWBamba IMOKa3yjy Jda je HEOMXOJHO HACTaBUTH
KOHTHHYalTHO ¥ 3HATHO JCTaJbHHjE HCTPOKUBAKE IMPEIMETHHX BOJAA, Kako OM ce
MPEAYIPEIUIO IbUX0BO JaJke 3araljerbe U HeraTuBaH YTHIA] Ha KUBH CBET Y bHMA, Ka0 U
Ha [TOJ[3¢MHE BOJIC ¥ 3eMJBHIITE Y HEMTOCPEAHO] OKOINHH.
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HcrutuBame yribOBOJOHMKA Yy Ba3lyXy HpPETeXHO OOyxBaTa JaKkouclapJbuBa
jenumera U MONMMIMKINYHE apOMaTHYHE YIJbOBOJIOHHKE, JIOK CE€ Mame Maxme nocselyje
n-aJIKaHNUMa JyTor HU3a. AHTPOIIOI'CHO MOPEKIIO BUINUX /-aJIKaHa YTIIaBHOM CE IPUIIHCYje
yIIbY, OMOMacH, MOTOPHUM YJBHMA U yJbUMA 32 JIOKEH:E, TOK je BUX0BO OMOT€HO IOPEKII0
pe3ynTar (QU3HONOLIKMX Mpolleca BHIIMX CYBO3EMHHUX OWJbaka, Kao W II0jeANHHX
MuKpoopranu3ama [1]. Bumm n-ankamm (>Cy) cy crabuiHa, HEHCIapibHBa, Y BOIH
HepacTBOpHA jeINeHba, TE Ce y Ba3lyXy IIPETeKHO Halla3e aicOpOOBaHH Ha YeCTUIIaMa, 1
To yraaBHOM PMy 5. Ctora je 3Ha4ajHO /1a Ce OBa jeANHEHa Y Ba3AyXy aHAIM3HPAjy H Ja ce
JeTaJbHUje pacBeTIN KUXOBAa XeMOJWHAMHUKa. [[MJb oBora paja je UCIHTHBambe Op3e U
jedTHHE MeToIe 3a eKCTPAKIIN]y BUIIHX 7-aIKaHa U3 Ba3AyXa, IPH YeMy Cy Kao pacTBapadn
kopumtheHN n-xekcaH W jauxiopMmeraH. HaBenenw pacTtBapaum cy omabpaHum 300r
CHOCOOHOCTH J1a T0OPO pacTBapajy yribOBOJAOHHUKE U €KOHOMCKE IIPUCTYHMauyHOCTH [3].

Y3o0puum Bazayxa y3eTd Cy ca BUCHHE Of 2 MeTpa, MepeHo of acaira, Ha JOKaIHj!
Kaneran Mummune ynure y beorpamgy. OBa ynuiia ce Hala3u y HEHTPY Ipaja, YMEPEHO je
ontepehena camo ayromMoOWiIckuM caobOpahajem, amu je TpaHCHOPT 3HATHO Mambe
WHTEH3UBAH HErO Ha ayTOIyTy W IPOMETHUM caoOpahajHuIIaMa Kpo3 Koje ce kpehy Bo3uiia
rpaJicKor mpeBo3a. Bazayx je moMohy ayToMaTCKOT y30pKHBaya ca IyMIIOM Ha €JICKTPHIHA
MIOTOH, y3 KOHCTAHTaH NMPOTOK, YBODEH y CTaK/IeHy UCIUPAIUIY HAMYHCHY NMPOMHCAHUM
KOJIMYMHAMA H-XEKCaHa, OJHOCHO JAWXJopMeTaHa. HakoH peduHHCAaHOT BpeMeHa
Y30pKOBama, M3 NOOWjeHHX eKCTpakaTa je Hajupe YyKJIOHkEeHa Blara, a IO0TOM CY
KOHIICHTPOBAaHM Ha PpOTAllMOHOM BakyyM ymnapusady. JloOWjeHH KOHIIEHTpaTtu cCy
npeuninheHn Ha XpoMaTorpadckoj KOJTOHM ca aKTUBHUPAHUM MAarHes3HjyM-CHIIMIKaTOM U
aHaTM3UpaHu Ha racHOM XpoMaTorpady Agilent 7890A GC kyIuioBaHOM ca KBaJ[pyIIOJTHAM
MaceHuM gerexkropoM Agilent 5975C.

Ha ciommm 1 npukasan je XpoMarorpaM BHIIMX 7-ajKaHAa Y Y30pKy €KCTPaxOBaHOM
JUXJIOPMETaHOM, KOjU je TMoKa3ao BehH arcopIiyoHW MOTEHIMjall y OJHOCY Ha
n-XeKCaH, TPU HJCHTUYHUM CKCIICPHUMCHTATHUM ycCJIOBHMA. Y eKCTpaKTHMa Ba3ayxa
UACHTU(UKOBAHH CYy BHIIH #1-alIkaHu y onicery o1 Ca; 1o Csz. CPI (Carbon Preference Index)
BpemHocTH 32 meo  omcer  n-amkaHa  (Cy-Cs)) m3Hocwme ¢y  0,99.
n-AJIKaHCKe pacrozesnie ce kapakrepuuly Hajsehom 3actymibenourhy xomosora Cas-Cog, ca
MakcumymuMma Ha Cos m Cps. Beoma cimuHe nm-amkaHCKe pacmoferne ca yjeqHadeHOM
3acTymbeHomhy mapHUX U HEMApHUX XOMOJIOTa MMajy MOTOpPHA yJba, TekKe (pakiuje yiba
3a JIOXKEHE U TCYHU MIPOU3BOAU muposu3e nmuraurta. [Ipupomaau uzsopu Ci3-Cos alkana cy
aKkBaTH4HE MakpoduTe, 6akTepuje, BacKyaapHe OMJbKe W MaxoBuHE pona Sphagnum [3,4].
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Henapuu n-ankanu C,7-C31 KapaKTEpUCTUYHU CY 3a BUIIIE CyBO3EMHE OHUJbKE, IIPU YeMy ce
nomuHanmja Coy 1 Cyg yTITaBHOM Be3yje 3a apBelie u xOyme, a C3i 3a TpaBe U MaXxoBHHE [5].
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Cnuxka 1. XpOMaTOFpaM BHUIINX n-aJIkaHa €KCTPAaXOBAHUX U3 Ba3AyXa AUXJIOPMETAHOM.

JoOujern pe3yaTaTd TOKazyjy Ja je KopuliheHH eKCIepHMEHTAHH IOCTYIaK

eKCTpaKIyje AUXJIOPMETaHOM e(UKacaH 3a aHAIU3y BUINUX n-ajlKkaHa y Basayxy. Ilopen
TOra, y muTamy je 0p3a, jepTHHA MeToAa, Koja je KperpaHa Tako Ja 3aXTeBa MUHHMaJaH
0poj aHAMUTHYKUX (ha3a, YUMe ce TyOHIY aHaINuTa CBOJC Ha HajMamky MEpy, IITO j& BaXKHO
y3umajyhu y 003up BHUXOBY HHCKY KOHIIGHTpAIHjy y Ba3ayxy. Pe3ynTaTn ucnutuBama cy
OCHOBa 3a HACTAaBaK WCTPaXMBamba, y IUJbY ONTHMH3AILMje METOJE 3a eKCTPaKIHjy H
KBaHTU(UKAIM]y BUIIUX #-aJIKaHA Y Y30pLMa Ba3lyXa.
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The KovinDunavac is al800 m long arm of the Danube river in the vicinity of Kovin,
a small city in eastern Serbia. The KovinDunavacmarina is used by the local population as
a natural shelter for smaller river crafts. In our previous research, the sediments from this
locality were investigated for a possible contamination by polycyclic aromatic hydrocarbons
(PAHs)[1]. The resultsrevealed multiple sources of these contaminants in the sediments of
this marina. Accordingly, it was concluded that the dominant pollution sources of the
sediment in the KovinDunavac were petrogenic (diesel vehicular source) and pyrogenic
(grass, wood, and coal combustion).

The aim of our present research is investigation of the occurrence, distribution pattern
and origin of saturated hydrocarbons in the river marina sediments of the KovinDunavac
near Kovin, Serbia.

The sediment samples were collected from seven representative sampling points, and
extracted in a Soxhlet apparatus with dichloromethane as a solvent. The extracts were
cleaned up and fractionated using column chromatography. The fractions of the saturated
hydrocarbons were analysed by gas chromatography — mass spectrometry (GC-MS) in a
selected ion monitoring (SIM) mode. The ions monitored were:m/z = 71 (n-alkanes), m/z =
191 (terpanes), and m/z = 217 (steranes).

In order to reveal the origin of the organic matter in the samples analysed in this
research, the following saturated hydrocarbons proxies were used: short to long hydrocarbon
chains ratio, average weighted carbon chain lengths forlong n-alkanes (for C24—C33 range)
[2], the terrestrial-to-aquatic ratio [3], the carbon preference index for the entire alkane range
[4], and the Paq proxy. Distribution of hopanes and steranes in the samples was analysed to
confirm the presence of petroleum-derived residues [5].

The results revealed a similar abundance and distribution of rn-alkanes, terpanes,
andsteranesin all the samples analysed. GC-MS chromatograms of n-alkanes, terpanes,
andsteranestypical of all the samples investigated in the present research are shown in Figure
1. The saturated hydrocarbons proxiesindicated that the organic matter in the sediments
analysed was contributed from the multiple natural allochthonous and autochthonous
organic sourcessuch as: algal, bacterial and terrestrial plant sources, aquatic macrophytes,
and bacterialreworking. Presence of petroleum-sourced hydrocarbons was confirmed by the
distribution of steranes and terpanes which were found in all the samples analysed in
distributions typical of crude oils (Figure 1) indicating a contribution of the anthropogenic
sources of hydrocarbons to the organic matter of the investigated samples.

All these results point to the complex processes of migration and mixing of the organic
matter in the sediments at the investigated location. Considering the fact that the presence
of the oil pollutants was confirmed in the sediment samples from this location, further
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research is needed to reveal the environmental pollutions status of the environment at this
locality.
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Figure 1. Distribution of n-alkanes (m/z = 71), terpanes (m/z = 191), and
stranes (m/z = 217), typical for all the samples analysed
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We report a sensitive method for detecting metallic impurities in industrial gases. The
method is based on laser-induced breakdown spectroscopy (LIBS).

A CO; laser with a microsecond pulse of 10.6 um was used to obtain the laser-induced
breakdown plasma [1]. The laser beam is focused on the interface of a tantalum sheet where
the plasma is formed, either in the air or in another atmosphere, by applying a flow of desired
gas along the interface. Plasma spectra were recorded in the range of 210-290 nm and 390-
470 nm using a Jobin-Yvon H25 monochromator equipped with an iDus CCD camera,
Andor Technologies.

Spectra of plasmas generated in air and argon were evaluated. Argon with a purity of
5.0 [2] was randomly selected as a noble gas commonly used for laboratory purposes. Since
the components of air are molecular gases (N2 ~78 %, 0> ~21 %, and Ar ~1 %), it is expected
that the spectrum of argon plasma will not have corresponding molecular bands and the line
spectrum will not be rich compared to the spectrum of air plasma. The molecular bands are
missing but unexpectedly a number of spectral lines show in argon plasma, Figure 1.
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Figure 1. Emission spectra of the laser-induced plasmas generated in air and argon
atmosphere

The spectrum of argon plasma was examined methodically using a NIST database and
the specter lines are precisely allocated [3]. The analysis has shown that the specter lines
correspond to vanadium and copper dominantly and the iron is possible too but with less
reliability.

Argon is produced industrially by the partial distillation of liquid air as a by-product
of oxygen and nitrogen production. Crude argon includes various impurities such as Na, Oa,
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Ha, CO», CO, H>0, and hydrocarbons. For their removal, a number of patented adsorbents
exist which are based on physical and/or chemical adsorption on metal-doped zeolite-based
molecular sieves or metallic getters, or catalytic oxidation. The molecular sieve adsorbent
units may include different pure metals, their oxides, or alloys. Among other elements, they
may contain metallic vanadium or vanadium oxide and copper oxide.

We can reasonably conclude that vanadium and copper detected in argon plasma
spectra originate from the argon purification system. During the process of purification
under high pressures and elevated temperatures, argon can be contaminated with the material
from which the adsorbents are made. Besides, due to the variety of molecular sieve materials,
contamination with other metals is also possible.

A LIBS has been shown to be a highly sensitive technique for detecting metallic
contaminants in industrial gases.
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Polymers and polymer composites have wide application in every industrial field, and
are a subject of continuous research from different scientific aspects [1,2]. However, most
commercial polymers are oil refinery based products. Recently, due to a growing concern
for oil depletion, researchers have been focused on modification of polymers, as well as
reinforcements [3,4]. Epoxy resin is the most commonly used adhesive that can be improved
with fiber or particle reinforcements, or by using chemical modifiers. Modifying agents from
renewable resources show potential in replacing oil-based compounds, because of their
abundance, low price and heterogeneous structure that offers number of reactive groups [5].
In our research, honey was used as a bio-based modifier for diglycidyl ether of bisphenolA
(DGEBA) based epoxy resin, with the aim of investigating structural changes. MALDI-TOF
mass spectrometry [6] was used as a powerful technique that is able to reveal presence of
functional groups and modified epoxy resin structure. In this manner, successful chemical
modification of epoxy resin was confirmed, which further opened the path for the
investigation of honey potential as epoxy modifying agent.
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Mikroplastika (MP) i nanoplastika (NP) su prisutne u gotovo svim medijumima
zivotne sredine, zbog Cega privlate veliku paznju istrazivaca poslednjih decenija.
Nanoplastika veli¢ine < 100 nm 1 mikroplastika veli¢ine od 0,1 ym do 5 mm moZze biti
rezultat hemijske degradacije, biorazgradnje, fotodegradacije, termicke degradacije i
mehanicke abrazije plasti¢nih proizvoda ili materijala [1-2]. Nanocestice plastike je tesko
identifikovati, a relativno lako se mogu transportovati kroz vazduh, zemljiste i vodu. Uticaj
Cestica plastike viSe i bolje je prouc¢avan u uzorcima iz vodene sredine, kao i na organizme
koji u njoj zive, dok je paznja bila manje usmerena na transformacije, transport i sudbinu
plastike u kopnenim i podzemnim sredinama. U kategoriju slabije proucavanih geoloskih
supstrata u pogledu cCestica plastike spadaju i peloidi (lekovita blata). 1z tog razloga za
ispitivanja mikroplastike u okviru ovog rada izabrani su peloidi sa teritorije Republike Srbije
i Slovenije. Dodatni razlog je da su obe zemlje bogate banjama sa dugom tradicijom u
balneoterapiji, gde se peloidi koriste u terapeutske i estetske svrhe.

U Republici Srbiji banje se prostiruduzcele teritorije, a za ovu studiju uzorci
peloidnog mulja uzeti su sa sledecih lokacija: Rusanda (Rus), Vrujci (Vru) i Ovca (OvS).
Rusanda i Vrujci su aktivne banje, dok Ovca pripada malim izvorima koji su bogati
peloidima i ne eksploatiSu se, a koje koristi lokalno stanovniStvo. Pored navedenih,
analiziran je iuzorak iz Slovenije sa lokacije koja predstavlja jedno od najatraktivnijih
prirodnih i kulturnih znamenitosti Slovenije, Park prirode Secovlje (Sec). Ovaj lokalitet je
poznat i po solani iz koje se so proizvodi na isti tradicionalan nacin, ve¢ vekovima unazad.

Prvi korak u analizi mikroplastike podrazumevao je odredivanje sadrzaja vlage u
uzorcima peloida suSenjem do konstantne mase. Potom je radeno mokro prosejavanje kroz
seriju sita veli¢ine otvora 1 mm, 500 pm, 250 um i 100 pm od nerdajuceg Celika (Retsch,
Nemacka). Svakafrakcija je sakupljanana GF/C 45 mm filterusaveli¢inompora 1,2
pm(Whatman, UK). Nakon toga filterisususeni u pec¢ina 60 °C. 1z najvece frakcije suvih
filtara mikroplastika je izolovana ru¢no pod lupom, koristeci test vruce igle, a potom
analizirana na ATR-FTIR (Cary 630, Agilent, SAD). Broj utvrdenih Cestica mikroplastike
(1-5 mm) je zatim normalizovan na 1 kg suvog peloidnog mulja.

Rezultati koli¢ine Cestica mikroplastike (1-5 mm) koje su izolovane i kvantifikovane
iz uzoraka peloidnog mulja su prikazane u tabeli 1. Peloid iz Rusande sadrzi najvec¢u (13,9
MP/kg suvog peloida), dok uzorak iz banje Vrujci najmanju (1,4 MP/kg suvog peloida)
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kontaminaciju mikroplastikom (Tabela 1). Iako je malo verovatno da ¢e mikropalstika
dimenzija izmedu 1 i 5 mm preci barijeru i pokazati bilo kakav fizi¢ki i toksi¢ni efekat na
ljude, njihovo prisustvo ukazuje na to da je kontaminacija manjim mikro- i nanoc¢esticama
verovatna i moguca u ovim uzorcima. Male frakcije nanoplastike mogu izazvati toksi¢ni
efekat [3]. Pored toga, oni takode mogu da izazovu hemijske toksi¢ne efekte preko
hemikalija koje su eventualno sadrzane u njima [4]. Ovo moze biti sluéaj ¢ak i kod vece
frakcije mikroplastike, kao $to je 1-5 mm.

Tabela 1. Sadrzaj mikroplastike

Uzorak Cestice mikroplastike (1-5 mm)/kg suvog
peloida
Vru 1,4
Ov¢ 8,5
Rus 13,9
Sec 5,1

Cestice mikroplastike koje su izolovane iz uzorka Rusanda dodatno su analizirane na
ATR-FTIR, pri ¢emu su identifikovane dve vrste plasti¢nih polimera polipropile nglikol i
poliizobutilen. Polipropilen glikol se koristi kao dodatak poliuretanskim penama, dok je
poliizobutilen sinteti¢ka guma koja se koristi u lepkovima i zaptiva¢ima [5].

Novija istrazivanja su pokazala da Cestice mikroplastike formiraju agregate sa
prirodnim mineralima ili ¢vrstim materijalima kao §to su gline (npr. kaolinit ili bentonit) i
druge koloidne Cestice [6]. Stoga je dalja mineraloska analiza potrebna kako bi se pouzdanije
interpretirali podaci i objasnilo ponaSanje Cestica mikroplastike u peloidima, buduéi da oni
imaju Siroku 1 razli¢itu primenu kod ljudi.
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Poslednjih decenija zagadenje voda organskim i neorganskim polutantima predstavlja
narastaju¢i problem globalnih razmera. Industrijske, poljoprivredne i komunalne otpadne
vode su primarni izvori zagadenja Zivotne sredine a pre svega resursa vode za pice. Jedan
od vodecih izazova jeste obezbedivanje dovoljne kolicine zdravstveno bezbedne vode za
pice, koja je osnovna potreba svih zivih bi¢a. S obzirom na to da su metali postojani,
nerazgradivi 1 toksi¢ni, predstavljaju jedne od najces¢ih zagadujucih materija voda [1-5].
Pored antropogenih izvora, metali su zastupljeni u Zemljinoj kori, te do povecanja njihove
koncentracije u vodenoj sredini moze do¢i i prirodnim putem. Nikl je 24. najcesci element
u Zemljinoj kori i1 koji se usled geohemijskih procesa u vodonosnom sloju izluzuje u
podzemne vode. Prema Medunarodnoj agenciji za istrazivanje raka (IARC), jedinjenja nikla
su klasifikovana kao kancerogena za ljude (Grupa 1), zbog ¢ega je neophodno njegovo
uklanjanje iz vode [6]. Proces jonske izmene predstavlja jedno od reSenja tretmana vode
zagadenja teskim metalima (ukljucujuéi nikl), jer ima niz prednosti, visoku efikasnost,
sposobnost regeneracije koris¢enih smola, minimalnu proizvodnju otpada i razumno nisku
cenu.

U cilju analize odabranih procesnih parametara uklanjanja nikla iz vode procesom
jonske izmene, ispitivanja su sprovedena na komercijalnoj makroporoznoj katjonskoj smoli
READ-HM. U ispitivanjima je koriS¢en sinteticki vodeni matriks sa odgovarajuéim
parametrima kvaliteta vode (20-200 pg Ni/l, 50-500 mg Ca/l, 5-100 mg Mg/l). Efekti
pocetne koncentracije nikla, doze jonoizmenjivacke smole, pH vrednosti, vremena kontakta
i koncentracije jona magnezijuma i kalcijuma ispitivani su statistickom metodom za
eksperimentalni dizajn DSD (definitive screening design). Utvrdeno je da su pH, vreme
kontakta, koncentracija nikla ikoncentracija kalcijuma znacajni faktori od kojih zavisi stepen
uklanjanja nikla iz vode. Prema statistickom modelu uslovi pri kojima se postize >80%
uklanjanja nikla (inicijalna koncentracija 145 pg/l) primenom ispitivane jonoizmenjivacke
smole su: pH 7, vreme kontakta 350 min, doza smole 0,5 ml/l, koncentracija kalcijuma
500 mg/1. Jedina statisticki znacajna dvofaktorska interakcija je pH*magnezijum (slika 1).

Dalja istrazivanja ¢e biti usmerena ka verifikaciji modela, tj. ispitace se da li se pri
modelom definisanim uslovima eksperimenta dobijaju predloZene efikasnosti uklanjanja
nikla.
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Slika 1. 3D odzivna povrSina dvofaktorske interakcije pH i magnezijuma

Dobijani rezultati ¢e posluziti ne samo kao potvrda prikladnosti modela za opis

procesa jonske izmene, ve¢ i kao podloga za odabir tehno-ekonomski najpogodnije
jonoizmenjivacke smole za uklanjanje nikla iz vode.
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Reka Vrbas, jedna od najvec¢ih reka u Bosni i Hercegovini, duz svog toka od 250 km
prolazi kroz naseljena podrucja, i tako veliki uticaj na njenkvalitet imaju poljoprivredne
aktivnosti, kanalizacioni odvodi, industrijske otpadne vode, blizina termoelektrana i
saobracajnica [1]. Zagadujuce materije koje dospevaju u reke, u zavisnosti od prirode
sedimenta, mogu se zadrzati duze vreme, hemijski ili fizicki adsorbovane na povrSini
sedimenata. Sastav reCnog nanosa varira u najvecoj meri u zavisnosti od geologije
posmatranog terena. Pored minerala koji erozijom dospevaju u reke, postoji i odredena
koli¢ina biljnih i zivotinjskih ostataka koji pod uticajem razlicitih fizi¢kih parametara nisu
pretrpeli potpunu mikrobioloSku razgradnju i oni predstavljaju nativnu organsku materiju u
sedimentima. Osim prirodno prisutnih organskih jedinjenja, u sedimentima se mogu naci
jedinjenja ili grupe jedinjenja Cije prisustvo moZze ukazivati na antropogeni uticaj.

U okviru ovog rada analizirani su uzorci reénih sedimenata reke Vrbas sa razli¢itih
lokaliteta duz celog njenog toka, od izvora do uséa u reku Savu, primenom organsko-
geohemijskih metoda sa ciljem da se ispita poreklo organskih zagaduju¢ih supstanci. 1z
ukupno 19 uzoraka recnog sedimenta izolovana je rastvorna organska supstanca metodom
Sokslet ekstrakcije. Ekstrakti rastvorne organske supstance saponifikovani su sa 5 %
rastvorom kalijum-hidoksida u metanolu (sa 1 % vode) i ostavljeni preko no¢i na sobnoj
temperaturi, a potom neutralisani sa 10 % hlorovodoni¢nom kiselinom (Slika 1) [2]. Uzorci
su rastvoreni u smesi dihlormetana (sa 1 % metanola) i heksana u odnosu 1:40 i potom
pojedinacno razdvajani na frakcije hromatografijom na stubu SiO, i Al,Os. Zasiéeni
ugljovodonici, aromati¢ni ugljovodonici, alkoholi i masne kiseline redom su eluirani
heksanom, dihlormetanom, smeSom dihlormetana i metanola (1:1) i 5 % rastvorom
sumporne kiseline u metanolu. Poslednja frakcija tretirana je dodatno sa 20 % vodenim
rastvorom NaCl i malim procentom n-heksana radi izdvajanja Zeljenih jedinjenja. Frakcije
su zatim analizirane gasnohromatografsko-masenospektrometrijski (GC-MS).
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Slika 1. Sema frakcionisanja ekstrakata organske supstance.

Raspodela n-alkana u vecini uzoraka je bimodalna i odlikuje se dominacijom visih
neparnih n-alkanskih homologa sa maksimumom na Cy, dok medu nizim dominiraju parni
homolozi sa maksimumom na Cie. Ovakva raspodela ukazuje na dominantno prisustvo
nativne suvozemne organske supstance, ali i mali udeo mikroorganizama u prekursorskoj
biomasi. S obzirom da mikroorganizmima odgovara dublja sredina koja nije tipi¢na za
ispitivane uzorke, i uzimajuci u obzir dominaciju parnih homologa moze se pretpostaviti da
se radi o prisustvu naftnog zagadenja koje za posledicu ima povecanu obilnost nizih parnih
n-alkana. Pretpostavlja se da su za razgradnju naftnih n-alkana, kao i za sintezu ,,novih*
parnih n-alkana, odgovorne alge kao $to su dinoflagelati. Ova pretpostavka je potvrdena
identifikacijom uglavnom nizih #-masnih kiselina sa prevla$¢u parnih ¢lanova (C4—Cis),
parnih n-alkohola, i nedvosmislenom identifikacijom holesterola [2]. Dodatno, raspodela
policikli¢nih alkana tipa sterana i terpana jasno ukazuje na prisustvo naftnog zagadenja
antropogenog porekla u svim ispitivanim uzorcima, a u aromati¢noj frakciji su
identifikovani i policikli¢ni aromati¢ni ugljovodonici pirogenog i petrogenog porekla.
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Ispitivano podrucje, Obrenovacki Zabran (Slika 1), se nalazi na teritoriji opstine
Obrenovac, oko 1,5 km vazdusnom linijom od Obrenovca i administrativno pripada gradu
Beogradu. Zbog svojih vrednosti ispitivani lokalitet je, na temelju Zakona o zastiti prirode
Srbije, proglasen prirodnim dobrom III kategorije — Spomenik prirode botanickog karaktera
,,Obrenovacki Zabran” [1]. Ukupna povrSina zasti¢enog prirodnog dobra iznosi 4777,18 ha.
Sire podrugje na kome je i zasticena oblast je ravni¢arskog karaktera i obuhvata aluvijalne
ravni reka Save i Kolubare.

Slika 1. Obrenovacki Zabran (Srbija).

U okviru rada analizirani su alifati¢ni i aromati¢ni ugljovodonici rastvorne organske
supstance, u pet uzoraka priobalnih sedimenata reke Save i sedam uzoraka mocvarnog
zemljiSta Obrenovackog Zabrana sa ciljem njihove organsko-geohemijske karakterizacije.
Velika energija recnog toka reke Save uzrokuje stalni transport sedimentnog materijala,
uticuéi istovremeno na raspodelu zagaduju¢ih supstanci. Mocvarno zemljiste je takode u
Cestom kontaktu sa vodom, pre svega sa podzemnim vodama Kolubare koje Cesto plave
ispitivano podrudje.
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Za ckstrakciju rastvorne organske supstance koriS¢ena je azeotropna smeSa
CH.CL/CH.OH, nakon ¢ega su dobijeni ekstrakti razdvojeni hromatografijom na koloni na
zasi¢enu, aromati¢nu i NSO-frakciju. Zasi¢ena i1 aromatic¢na frakcija su potom analizirane
pomocu gasnohromatografsko-masenospektrometrijske (GC-MS) tehnike.

Grupni 1 specifi¢ni organsko-geohemijski parametri su pokazali da postoji razlika u
kvalitetu i sadrzaju rastvorne organske supstance izmedu uzoraka mocvarnog zemljista i
ispitivanih uzoraka savskog sedimenta. Obe grupe uzoraka u vecoj meri sadrZe nativnu
organsku supstancu, ali je prisutna i organska supstanca antropogenog porekla.

Raspodela n-alkana ukazuje da nativna organska supstanca potice od visih kopnenih
biljaka, razli¢itih vrsta trava, kao i od bakterija, algi i fitoplanktona. Ugljovodonici koji su
karakteristi¢ni za naftu i njene derivate identifikovani su u svim ispitivanim uzorcima, s tim
$to je u uzorcima savskog sedimenta jasno uocljivo prisustvo geolipidnih hopanskih izomera
i u hromatogramu ukupne jonske struje zasi¢ene frakcije, Sto, pored prisustva nerazlozene
ugljovodoni¢ne smese (UCM), predstavlja potvrdu prisustva naftnog zagadivaca, koji je veé
u nekoj meri podlegao biodegradaciji [2]. Zasi¢enu frakciju uzoraka moc¢varnog zemljista
posebno karakteriSe prisustvo diploptena (hop-22(29)-ena), S$to ukazuje na pojacanu
mikrobiolosku aktivnost u ovom cesto plavljenom zemljiStu. Prisustvo fenantrena i
metilovanih fenantrena, vrednosti maturacionih fenantrenskih parametara, kao i prisustvo
polikondenzovanih aromati¢nih ugljovodonika uz vrednosti njihovih odnosa, jasno ukazuju
na prisustvo organske supstance antropogenog porekla koje ukljucuje i naftno zagadenje i
proizvode sagorevanja.

Rezultati istrazivanja su osnova za dalja sveobuhvatnija istraZivanja u
Obrenovackom Zabranu koja bi trebalo usmeriti na detaljnija periodicna ispitivanja
sedimenata i zemljista.
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Pesticides are natural synthetic chemicals that are used in various activities of
agriculture in order to control the spread of pests, weeds and diseases in plants.

All analysed samples of soil and humus (10 g) was measured using analytical balance
with £0.0001 g precision. Samples were homogenized using magnetic stirrer (15 min) and
2 g of anhydrous Na,SOs; was added. After this step, 15 mL of the solvent mixture
(methanol:acetone v/v 1:1) was added and once again samples were homogenized for 30
minutes using a magnetic stirrer. After homogenization, samples were centrifuged for 5 min
at 4000 rpm, and supernatant was evaporated using vacuum evaporator at a temperature of
40°C. After evaporation, the residue was dissolved using 5 mL of a solvent mixture (ethyl
acetate:acetone v/v 4:1). Previously prepared columns with a content of 1 g of Na,SO4 and
4 g of Florisil were conditioned with 30 mL of the previous solvent mixture, and 2 mL of
the filtrate was passed through the column. Elution of the column was done using 30 mL of
the same solvent mixture, and the eluate was evaporated to dryness and the residue was
dissolved in 2 mL of acetone. Determination of pesticides in the sample was performed using
GC-MS.

GC-MS analysis of soil and humus samples was performed on a HP 6890 gas
chromatograph connected to a HP 5973 mass detector (MSD) and Agilent 7683 autosampler.
The separation was achieved with SGE 25QC2/BPXS5 0.25 capillary non-polar column (25
m X 0.22 mm % 0, 25 pm). The oven temperature was programmed from 90 °C (holding
time 1 min) to 280 °C (4 min) at rate of 20 °C min™!, with the option of post run at 300 °C
(2 min). Volume of 1 pL was injected in the splitless mode. Helium (purity 99.999 %) was
the carrier gas with constant flow rate 1.0 mL min™'. The inlet temperature was 250 °C. The
temperatures of MS Quad and MS Source were 150 °C and 230 °C. Energy of ionizing
electrons was 70 eV. The MSD was operated in single ion tracking (SIM) mode.
Identification and quantification of pesticides was based on relative retention time, presence
of target ions and their relative intensities. Target ions for Cyprodinil and Cypermethrin are
m/z 224, 210, 77 and m/z 165, 181, 163, respectively. The target ion for dibutyldidipate
(DBA) as internal standard was m/z 185. Data collection and processing was performed
using Agilent MSD ChemStation® D.02.00.275 software.

Results obtained after analysing treated samples of soil and humus are presented in
Table 1. The obtained results show that the content of cyprodinil in soil and humus after
treatment with the recommended dose is approximately the same, while in samples of humus
treated with a 10 times higher dose, the content was slightly higher than in soil treated with
the same concentration of pesticide. Comparing the results obtained for the cyprodinil
content in the samples treated with the recommended dose and 10 times higher, it is observed
that the values are roughly corresponding, i.e. 10 times higher. Analysis of the samples for
cypermethrin content showed that this pesticide was not detected in the soil sample treated
with the recommended dose, while the content determined in the soil sample treated with a
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10 times higher dose was almost the same as in the humus sample treated with the
recommended dose. The analysis of the humus sample treated with 10 times higher than the
recommended dose showed that the content was 2 times higher compared to the content
determined in the sample treated with the recommended dose.

Table 1. Pesticide content in investigated samples (1 - soil treated with the
recommended dose; 2 - soil treated with ten times higher concentration than
recommended; 3 - humus treated with the recommended dose; 4 - humus treated with ten
times higher concentration than recommended)

Saie ol O
1 0,039+0,002 /
2 0,284+0,021 0,253+0,010
3 0,041+0,007 0,200+0,001
4 0,589+0,007 0,413+0,015

Data presented in Figure 1 shows chromatogram of analysed samples of humus treated
with the recommended dose of pesticides.

Ciprodinil
7948
20000 -

10000

Abundance

DBA Cipermetrin
6576 11767

o _‘L-J|\—'-*“J"~——

T T T T
4 6 H 0 12 14
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Figure 1. Chromatogram of analysed samples of humus treated with the
recommended dose of pesticides
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Pod atmosferskim aerosolima se podrazumevaju kapljice tecnosti i ¢vrste Cestice
suspendovane u atmosferi, u kojoj ucestvuju u razlicitim fizicko-hemijskim procesima.
Aerosoli u atmosferi imaju znacajan uticaj na zivotnu sredinu: rasipaju i apsorbuju vidljivo
zracenje 1 tako smanjuju vidljivost, uti¢u direktno i indirektno na klimatske promene,
omogucavaju niz reakcija na granicama faza, uticu na zdravlje ljudi, mogu biti centri
heterogenih hemijskih reakcija (najznacajnije su one koje dovode do destrukcije ozona u
stratosferi) itd [1]. Prilikom ispitivanja uzoraka aerosola sa filtera iz razli¢itih postrojenja
koris¢ene su slede¢e metode jonske hromatografije i skenirajuce elektronske mikroskopije.

Analizirane su Cestice u uzorcima vazduha iz cementara prikupljanih u letnjim
mesecima u toku 2 godine, na staklenim filterima Whatman GF/A.

Priprema uzoraka i odredivanje koncentracije ispitivanih anjona

Polovine filtera su prenete u suve epruvete, zatim je dodato 10 mL dejonizovane vode
i vrSena je ekstrakcija na ultrazvuénom kupatilu na sobnoj temperaturi u trajanju od 2 x 15
min. sa medupauzom od 5 minuta. Dobijeni ekstrakti su procedeni kroz mikrofiltere, veli¢ine
pora 0,2 um. Tako dobijeni rastvori koriS¢eni su za odredivanje anjona jonskom
hromatografijom [2] , pomo¢u Metrohm 761 Compact IC hromatografa sa detektorom na
bazi provodljivosti, separacionom anjonskom kolonom Metrosep A Supp 1. Kao eluent je
koris¢en vodeni rastvor Na,COs (1,8 mmol/L) i NaHCO; (1,7 mmol/L) sa protokom od
I mL/min. Injektirano je 20 pL vodenog ekstrakta. Oduzimanjem masa suvih filtera pre i
posle ekstrakcije, odredene su mase uzoraka.

Na osnovu hromatografskih merenja izracunate su koncentracije anjona u 0,50 m?
uzorkovanog vazduha. Izmerene koncentracije anjona su se kretale u slede¢im opsezima
(mg/m?): F: 0,0026 — 0,0116; CI: 0,0324 — 0,1248; Br: 0,0131 -0,0315: NOs: 0,0134 -
0,0671; SO4>: 0,0345 — 0,0879. Prisustvo PO4* nije detektovano ni u jednom uzorku.

Ispitivanje uzoraka skenirajuéom elektronskom mikroskopijom

Ispitivanja su vrSena pomocu skenirajuceg elektronskog mikroskopa (SEM), model
Tescan-Vega TS 5130MM, uz koris¢enje EDS detektora, model Oxford Instruments Inca
PentaFETx3.

Razli¢ite boje cestica SEM mikrografije uzoraka u ,,back scatered” modu (BSE)
ukazuju na razli¢it hemijski sastav, koji je dalje utvrden EDS analizom [3]. Na slici 1
prikazni su spektri Cestica jednog od uzoraka.

111



ENVIROCHEM2023

Fg
I

N

NE

Slika 1: Tipicni EDS spektri uzorka bogatog tezim elementima

U ispitivanim uzorcima utvrdeno je prisustvo veceg broja elemenata u razli¢itim
relativnim odnosima (%): C (18,0-49,6), O (37,1-48,4), Ca (6,6-14,2), Mg (0,3-0,7), Si (3,4-
5,6), Al (1,8-2,1), Na (1,0-1,8), K (0,4-0,6), S (0,6-0,9), (Ti 01-0,4), Cr (0,5-3,37), Fe (2,5-
5,7), Ni (0,1-0,49).

Na slici 2 prikazane su: (a) raspodela koja predstavlja broj ¢estica (%) u zavisnosti od
veli¢ine Cestica (mm) i (b) kumulativna kriva raspodele veli¢ine Cestica, koja predstavlja
kumulativnu raspodelu (%) u zavisnosti od veli¢ine ¢estica (mm). Iz kumulativne krive su
odredeni karakteristicni parametri raspodele (Do, Dso 1 Do) kao i srednja veli¢ina Cestica
Dy = 3,53 £ 0,09 mm.
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1 40- S
5 204
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Slika 2. Raspodela i kumulativna raspodela veli¢ine Cestica
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cordata na teritoriji grada Panceva

Determination of the concentration of heavy metals in the bark and buds of
the Tillia cordata tree in the territory of the city of Pancevo

D. Pantovié¢!, T. Muti¢?, D. Manojlovié'3, I. Kodranov'*

(1) Univerzitet u Beogradu - Hemijski fakultet, Studentski trg 12-16, Beograd, Srbija, (2)
Farmaceutski fakultet, Univerzitet u Beogradu, Vojvode Stepe 450, Beograd, Srbija, (3)
Juznouralski Drzavni Univerzitet, Lenjinov prospect 76, 454080 Celjabinsk, Rusija;

*ikodranov@chem.bg.ac.rs

Sa razvojem industrije, zagadenje izazvano teskim metalima postaje sve znacajnije,
posto se ne mogu razgraditi u prirodi, pa se tako zadrzavaju u ekosistemima i ¢ine Stetu
mnogim organizmima. Biljke su bioakumulatori, $to znaci da apsorbuju teske metale iz
zemljiSta 1 akumuliraju ih u svojim organima. TeSki metali izazivaju brojne fizioloske i
metaboli¢ke promene na biljkama [1].

Tilia cordata, sitnolisna lipa, je lekovito drvo koje dostize visinu i do 25m. Kora
mladog drveta je dugo glatka, smeda i vlaknasta, dok je kora starije jedinke tamnije boje,
uzduzno ispucala, ne ljuspa se i ne otpada. Listovi su srcastog oblika, lice je glatko, zelene
boje, a nali¢je plavicastozeleno, dlakavo. Izdanci su goli i sjajni, boja im varira od
maslinastozelene do crvene [2].

U ovom radu odredivana je koncentracija teskih metala u kori i pupoljcima drveta
sitnolisne lipe, drveta koje je Siroko zastupljeno u parkovima i naseljima na teritoriji grada
Panceva. Uzimani su uzorci kore sa mladih grana i novoiznikli pupoljci. Uzorci su uzeti
18.03.2023. godine sa 5 lokaliteta (slika 1).

Slika 1. Slika pozicije grada Panceva u odnosu na industrijsku zonu i mesta uzorkovanja
(3]

Uzorci kore 1 pupoljaka rastvoreni su pomocu smese azotne kiseline (i vodonik —
peroksida u mikrotalasnom digestoru. U razblazenim uzorcima je odredivana koncentracija
11 metala: Al, Cd, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb i Zn. Odredivanje je vrSeno na
instrumentu ICP — OES. Dobijeni rezultati merenja prikazani su u tabeli 1 i 2 i prikazani su
kao srednja vrednost tri uzastopna merenja.
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Tabela 1. Koncentracija metala u kori drveta sitnolisne lipe (mg/kg)

Streliste | Tesla Nar(zdna Kotez Misa
basta
Al 34,714 | 10,004 17,992 27,063 9,073
Cd 0,043 0,006 0,024 0,039 0,012
Cr 0,669 0,615 0,473 0,628 0,423
Cu 3,773 2,613 2,427 2,928 2,357
Fe 48,652 | 20,734 23,286 39,047 | 16,110
Hg 0,008 0,022 0,038 0,013 0,005
Mn 7,363 5,559 7,538 5,504 12,453
Mo 0,137 0,062 0,189 0,088 0,024
Ni 0,899 0,361 3,950 1,406 0,376
Pb 1,790 1,062 1,927 1,550 0,105
Zn 13,288 4,811 5,635 6,825 3,274

Tabela 2. Koncentracija metala u pupoljcima sitnolisne lipe (mg/kg)

Streliste | Tesla Narodna Kote> | Misa
basta

Al 2082 | 3214 6,332 3,011 | 2,190
cd 0,010 | 0,009 0,025 0,012 | 0,006
Cr 0312 | 0307 0,381 0,270 | 0,280
Cu 2483 | 3,088 3,037 0246 | 4714
Fe 7351 | 9,833 13,507 8,790 | 6,948
Hg 0,005 | 0,004 0,055 0,010 | 0,013
Mn 2974 | 3,190 7,541 2,150 | 4,467
Mo 0,050 | 0,034 0,061 0,032 | 0,093
Ni 0474 | 0439 0,540 0,373 | 0,266
Pb 0,084 | 0,109 0,424 0,260 | 0,720
Zn 5251 | 4322 7,114 4852 | 5,001
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Organic halides constitute one of the largest groups of environmental pollutants.
This group counts a wide range of substances, with many variations in the structure including
simple volatile organic compounds such as chloroform, and complex compounds such as
halogenated dioxins and furans [1].

AOX is defined as the sum of all halogenated organic compounds that can be
adsorbed onto activated carbon. This parameter includes organic halogenated compounds
with chlorine, bromine, and iodine. Chloride, bromide and iodine precipitate during
detection by argentometric titration, while fluorine ion is soluble in water, which explains
why organic fluorides were not detected in AOX measurements [2].

AOX can be produced naturally by marine strains, microorganisms and some insects, but
this AOX can be used by living organisms, so negative impacts on the environment are not
significant [3]. Syntethic AOX usually causes environmental pollution, both cytotoxicity
and genotoxicity were highly related with brominated or iodinated disinfection products,
and chlorophenols. Studies have shown that AOX pollution is mainly concentrated in areas
with frequent agricultural and human activities, or strong industrial areas. One main source
of AOX are industries where chlorine and chlorine chemicals are used for bleaching process,
metal cleaning process, or wastewater treatments with chlorination [1,4].

The AOX analysis involved three main stages: (a) acidifying the sample, and enriching and
isolating organic halogens by activated carbon, (b) washing with the nitrate solution to
remove interfering inorganic halides, (c) combustion adsorbed organic halogens, and
analyzing released halide ions by argentometric titration (microcoulometry).

In Serbia, AOX analysis is not widespread enough because it is a relatively expensive
method that, in addition to the instrument, also requires special conditions for work.
Although, the concentration of AOX in wastewater is regulated in Serbia by Regulation on
limit values of emissions of polluting substances into water and deadlines for achieving them
“Official Gazette of RS” No 1/2016. The Mol Institute is an accredited laboratory for AOX
analysis with method SRPS EN ISO 9562:2008 on instrument AOX LTX Analyzer,
LabTech Czech Republic. The method for determining AOX was validated in the
laboratories of the Institute of Mol. The method validation process included checking the
linearity of the detector, determining the accuracy and reproducibility, and repeatability of
the method. Limit of detection (LOD) and limit of quantification (LOQ) were determined.
The LOQ for this method is 10 pg/l.

Wastewater samples from the cement and metal industry and municipal wastewater were
analyzed. Ten samples from each group were analyzed. The obtained values range from limit
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of quantification to significant values for wastewater, but they did not exceed the limit values
defined by the law. Results are shown in table 1.

Table 1. Results of AOX analysis in wastewater

Metal industry wastewater

Cement industry

Municipal wastewater

wastewater
min value max value min value max value min value max value
<10ug/1 137 pg/l <10ug/l1 15 ug/l <10ug/l | <10ug/l

Based on the obtained results, analyzed municipal wastewater and wastewater from the
metal and cement industry is not loaded with adsorbed organic halides.
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Usled modernog nacina zivota ljudi provode oko 90 % vremena u zatvorenim prostorijama,
kao S§to su kuce/stanovi, kancelarije, automobili itd. [1]. PraSina je sve prisutna u svim
pomenutim sredinama i nalazi se kao Cestice suspendovane u vazduhu ili istaloZzena na
povrsinama. Cestice prasine se mogu lako udahnuti i mogu da oStete respiratorni sistem i
pluca. Pored toga, Cestice praSine akumuliraju hemikalije iz zatvorenih prostorija i
predstavljaju vazan putizlaganja ljudi tim jedinjenjima. U kuénoj praSini se mogu naci
ftalati, policikli¢ni aromati¢ni ugljovodonici i ostala poluisparljiva jedinjenja [1].

Ftalati se Cesto koriste kao plastifikator u proizvodnji polivinil hlorida (PVC-a) i predmeta
opste upotrebe kao Sto su gradevinski materijal, decije igracke i namestaj, ali i u proizvodnji
podnih obloga, vestacke koze, lepkova, tepiha, maziva, cevi, Zica, sredstava za CiS¢enje
kuce, proizvoda za negu tela (fiksatori mirisa, proizvodi za negu koze, pene i Samponi) i
ambalaze za namirnice. Primena ftalata zavisi od njihove molekulske mase. Ftalati male
molekulske mase, kao Sto su di-metil-ftalat (DMP), di-etil-ftalat (DEP), di-propil-ftalat
(DPP), di-izobutil-ftalat (DiBP), di-n-butil ftalat (DBP), di-n-pentil-ftalat (DNPP) i benzil-
butil-ftalat (BBP), se koriste u rastvara¢ima, lepkovima, voskovima, mastilu, lekovima,
kozmetici i insekticidima.Visokomolekulski ftalati, kao di-2-etilheksil-ftalat (DEHP), di-
ciklo-heksil-ftalat (DCHP) i di-izo-nonil-ftalat (DiNP), su plastifikatori u PVC proizvodima
i predmetima od opste upotrebe [1, 2].

Estri ftalata su povezani sa velikim brojem zdravstvenih problema kod ljudi. Pre svega,
ftalati deluju kao endokrini disruptori i doprinose stvaranju varijacija u reprodukcionom
sistemu kao $to su opadanje broja spermatozoida, oste¢enje DNK u spermatozoidima,
prevremeni razvoj dojki i promena u reproduktivnim hormonima. Ftalati uti¢u na pojavu
astme, alergija i poremecaja funkcije nervnog sistema. Pored toga, DEHP je okarakterisan
kao 2b kancerogena supstanca, tj. kao potencijalno kancerogen za ljude, od strane IARC-a
(Medunarodna agencija za istrazivanje raka, eng. International Agency for Research on
nepromenjenih ftalata. Ljudi mogu biti izloZeni ftalatima inhalacijom, ingestijom i
apsorpcijom preko koze.

Oko 1 g istalozene praSine je sakupljen iz biblioteke Hemijskog fakulteta u Beogradu, sa
visine iznad 1m od poda. Uzorci su odmereni, ekstrahovani, preciS¢eni i aromati¢na frakcija
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je snimljena metodom gasne hromatografije, povezanom sa masenim spektrometrom.
Lokacija uzorkovanja i hromatogram aromati¢ne frakcije je prikazan naslici 1.

DBP
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Slika 1. Lokacija uzorkovanja i hromatogram aromatic¢ne frakcije ekstrakta prasine

Dobijeni rezultati ukazuju na to da, pored prirodnih proizvoda kao §to su metil estri masnih
kiselina (koje su najverovatnije znatno obilnije u alifati¢noj frakciji), uzorak sadrzi 3,5-di-
terc-butil-4-hidroksibenzaldehid, metabolit 2,6-di-terc-butil-4-methilfenola, koji se koristi
kao antioksidans u namirnicama i kozmetickim proizvodima [3]. Najzastupljenija jedinjenja
u aromaticnoj frakciji su DiBP), DBP i DEHP. Interesantno je primetiti da se detektovani
ftalati koriste u dve razlicite svrhe, kao aditivi u plastici i drugim proizvodima (DiBP i DBP)
i kao plastifikatori u polimerima (DEHP). Kao $to je prethodno pomenuto, DEHP je
klasifikovan kao potencijalno kancerogena supstanca za ljude. Pored toga, primena DiBP,
DBP i DEHP je ogranicena od strane Evropske komisije [2]. Zbog prisustva ftalata koji
imaju veliki uticaj na ljudsko zdravlje u ekstraktu praSine, potrebno je izvrsiti dodatna
ispitivanja na vec¢em broju uzoraka i uraditi detaljnu kvantifikaciju i procenu rizika po
ljudsko zdravlje.
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Razvoj hemijske industrije u proslom veku pozitivno je uticao na Zivotni standard, ali
je za sobom ostavio znacajne koli¢ine toksi¢nih supstanci u zivotnoj sredini. Dugotrajne
organske zagadujuce supstance (Persistant Organic Pollutants - POPs) su antropogene
hemikalije koje se zadrZavaju, akumuliraju u lancu ishrane i imaju §tetne posledice po
zdravlje ljudi i zivotnu sredinu [1]. Per- i polifluoralkil supstance (PFAS) kao §to su
perfluorooktanska kiselina (PFOA), perfluorooktan sulfonska kiselina (PFOS) i od 2022.
godine perfluoroheksan sulfonska kiselina (PFHxS) se nalaze na listi POPs hemikalija [2].
Publikacije proistekle iz istrazivanja na temu PFAS supstanci ukazuju da mikroorganizmi
koji su izolovani iz Zivotne sredine zagadene ovim jedinjenjima mogu smanjiti koli¢inu istih
usled biosorpcije, ali i potencijalne biotransformacije i biodegradacije [3,4].

Kontaminirana Zivotna
J L, sredina

Izolovanje
mikroorganizama
visokotolerantnih na PFOA =

Slika 1. Cilj rada — Izolovanje bakterijskih sojeva sa zagadenih lokaliteta i njihova
potencijalna primena u biodegradaciji PFAS molekula

U ovom radu, izolovani su bakterijski sojevi sa nekoliko lokaliteta zagadenih PFAS
supstancama (Slika 1). Mikrobiolosko obogacenje je radeno na podlozi sledeceg sastava [5]:
NH4NOs, 5 g/L, NaCl, 2 g/L, KH,PO4, 1 g/L, K;HPO,, 1 g/L, MgSO4x7H,0, 0,5 g/L,
CaClxx2H>0, 0,05 g/L, pH 7.0, sa postepenim dodatkom PFOA (250, 500, 1000 ppm). Pored
analize ukupnog broja mikroorganizama na mikrobioloskim podlogama, izolovane su i
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pojedinacne kulture koje su okarakterisane fizioloski, biohemijski i metodama molekularne
biologije. Rezultati su pokazali da se u uzorcima sa zagadenih lokaliteta nalazi veliki broj
aerobnih i1 anaerobnih hemoorganoheterotrofnih mikroorganizama, od kojih su dominantno
prisutni rodovi Bacillus, Pseudomonas, Nocardia 1 Rhodococcus.

Usled sposobnosti izolovanih mikroorganizama da rastu u prisustvu veoma visokih
koncentracija PFOA isti ¢e u buduc¢im istraZivanjima biti upotrebljeni u laboratorijskim
studijama analize mehanizama potencijalne biodegradacije perfluoroalkil supstanci.

Literatura

1. Ighalo, J. O., Yap, P. S., Iwuozor, K. O., Aniagor, C. O., Liu, T., Dulta, K.,
Iwuchukwu, F. U., Rangabhashiyam, S. Environ. Res. 212 (2022) 113123.

2. Leung, S. C. E., Shukla, P., Chen, D., Eftekhari, E., An, H., Zare, F., Ghasemi, N.,
Zhang, D., Nguyen, N.-T., Li, Q. Sci. Total. Environ. 827 (2022) 153669.

3. Chetverikov, S. P., Loginov, O. N. Microbiology 88 (2019) 115-117.

4. Beskoski, V. P., Yamamoto, A., Nakano, T., Yamamoto, K., Matsumura, C.,
Motegi, M., Beskoski, L. S., Inui, H. Sci. Total. Environ. 636 (2018) 355-359.

5. Yi,L.B., Chai, L. Y., Xie, Y., Peng, Q. J., Peng, Q. Z. Genet. Mol. Res. 15 (2016)
gmr.15028043.

Zahvalnica - Sredstva za realizaciju istraZivanja obezbedilo je Ministarstvo prosvete, nauke i tehnologkog
razvoja Republike Srbije (Evidencioni broj: 451-03-68/2022-14/200026 i 451-03-68/2022-14/200168) i
Evropska Unija u okviru Horizon Europe programa za koordinaciju i podrsku (broj 101059534, PFAStwin).

120



ENVIROCHEM2023 Poster prezentacije
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U savremenom svetu, jedan od vodecih ekoloskih problema predstavljaju otpadne
vode koje su posledica razvoja industrije i tehnologije i sve prisutnijeg zagadenja, koje je
dovelo je do poremecaja u zZivotnoj sredini. Danas se ulaze veliki trud u otkrivanje novih
nacina za reSavanje problema koji su nastali kao rezultat nebrige.

Sa pojavom nafte kao energenta doslo je do intenzivnog privrednog rasta. Medutim
nafta i naftni derivati mogu da izazovu ekoloske katastrofe usled akcidentnih izlivanja.
Vecina komponenata nafte je toksi¢na za Coveka i zivi svet uopste, a naroCitu paznju privlace
policikli¢ni i aromati¢ni ugljovodonici kod kojih je dokazana kancerogenost.

Postoji veliki broj postupaka za preciS¢avanje kontaminiranih voda. Optimalno
reSenje u slu¢aju izlivanja nafte i njenih derivata zavisi od brojnih faktora, i najceSce
predstavlja kombinacija nekoliko razli¢itih postupaka. Adsorpcija se Cesto Koristi u
postupcima za precis¢avane vode kontaminirane zagadujué¢im supstancama naftnog tipa.
Savremena istrazivanja se baziraju na pronalazenju novih adsorbenata koji se mogu dobiti
iz obnovljivih sirovina. Jedno od takvih reSenja jeste upotreba biouglja koji nastaje pirolizom
otpadne poljoprivredne biomase (kostice kajsije, Sljive, kukuruzna svila...) kao sorbenta u
procesima preci§¢avanja. Pored adsorpcije, 1 upotreba bioremedijacije kao tehnologije za
smanjenje naftnih zagadujuc¢ih supstanci iz otpadnih voda je naSiroko promovisana
poslednjih decenija.

U ovom radu je ispitivano kombinovanje adsorpcije i bioremedijacije u postupku
prec¢iséavanja voda kontaminiranih dizelom. Prva faza je ispitivanje adsorpcije dizela na
biouglju, dobijenom pirolizom kostica $ljive. Druga faza je biorazgradnja dizela zaostalog u
rastvoru nakon adsorpcije. Oba procesa podrzavaju koncept odrzivog razvoja, kome je
imperativ obnovljivost, efikasnost i1 ekoloska prihvatljivost.

Materijal i metode: Biougalj kori§¢en u prikazanim eksperimentima je dobijen
pirolizom otpadne lignocelulozne mase, kostice §ljive. Kostice §ljive su oprane vodom iz
¢esme kako bi se uklonile necistoce sa povrsine, a potom su osuSene na sobnoj temperaturi.
Osusene kostice samlevene su pomocu mlina sa vibracionim diskovima ,,Siebtechnik —
TS250” (Siebtechnik GmbH, Nemacka), zatim prosejane i razdvojene prema razlicitim
veli¢inama Cestica. Za potrebe ovog istrazivanja kori$c¢ene su cestice klase od 0,1 do 0,5 mm.
Uzorci samlevene sljive su pirolizovani na 500 °C pod uslovima sa smanjenom koli¢inom
kiseonika u Nabertherm 1300 susnici sa brzinom zagrevanja od 10 °C min™!, tokom 1 ¢asa

[1].
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Biosorpcioni eksperimenti su obavljeni u erlenmajerima od 250 ml u kojima je
konstantna koli¢ina biosorbenta od 100 mg meSana sa 100 ml rastvora dizela u vodi u
koncentacijama 2 mg/L, 4 mg/L, 8 mg/L, 12 mg/L, 14 mg/L,16mg/L i 18 mg/L. SadrZaj u
erlenmajerima je meSan 24h na konstantnoj sobnoj temperaturi od 20 °C na horizontalnom
Sejkeru brzinom od 180 o/min. Nakon dekantovanja biouglja, sadrZaj ugljovodonika je
odredivan u vodenom rastvoru. Ugljovodonici nafte su odredivani prema standardu SRPS
EN ISO 9377-2:2009 [2].

Za eksperimente biodegradacije dizela upotrebljen je mikrobni konzorcijum, koji se
sastojao od slede¢ih rodova: Bacillus, Pseudomonas 1 Rhodococcus. Navedeni
mikroorganizmi su izolovani iz podzemne vode zagadene naftnim ugljovodonicima na
teritoriji Republike Srbije.

Rezultati: Efikasnost sorpcije u posmatranom koncentracionom opsegu, pri datom
odnosu ¢vrste i te€ne faze, kretala se u intervalu od 89 do 91 %, §to ukazuje na visok stepen
uklanjanja primenom ovog sorbenta. Proracun sorpcionog kapaciteta uraden je na osnovu
parametara dobijenih modelovanjem ravnoteznih podataka linearnom formom
Langmuirovog modela, i on za ispitivani opseg iznosi 143 mg/g, dok Langmuirova konstanta
K; iznosi 0,069 L/mg. Takode, izraCunati separacioni faktor R; se u ispitivanom
koncentracionomopsegu krece od 0,88 do 0,45, Sto ukazuje na to da je proces sorpcije
spontan i povoljan. Koeficijent korelacije R’ je blizak jedinici, §to moze da navede na
zakljucak da ovaj model dobro opisuje sorpcioni proces.

Rezultati pokazuju da je nakon adsorpcije dizela pomocu biouglja, iz rastvora pocetne
koncentracije]18 mg/dm?, preostala koncentracija dizela u vodi iznosila 1,97 mg/dm?. Taj
rastvor je dalje podvrgnut bioremedijaciji. Eksperiment je trajao 20 dana na horizontalnoj
muckalici, na prosec¢noj temperaturi od 28 °C. Nakon zavrSetka eksperimenta, sadrzaj dizela
je smanjen na 0,56 mg/dm>.

Zakljucak: Tokom dvostepenog postupka uklanjanja dizela iz vode, ukupan sadrzaj
dizela je smanjen za 97 %. Navedeni postupak je obecavajuéi, ali je potrebno nastaviti
istraZivanja i u smeru tretmana biouglja sa adsorbovanim dizelom.
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Problem with arsenic contamination (recognised by the International Agency for
Research on Cancer (IARC)) of aqueous systems is ubiquitous and alarming due to the
various negative effects onhuman health [1]. Although the problem is widespread, the
developing countries and rural areas are the mostaffected. In order to provide alternative
(more affordable) solution, and promote circular economy and cleaner production, novel
biochar was developed from abundant waste material from the oil industry — sunflower seed
husks (SSH). SSH were iron (Fe)-functionalised and pyrolysedin order to convert into a
magneticbiochar (FeBCH).

FeBCH was investigated for the removal of arsenate ((As(V)) from aqueous solutions
and groundwater. Influence of solution pH (2-10), initial As(V) concentration (0.1-100
mg/L), contact time (Smin — 24h) and FeBCHdosage (1-8 g/L) was examined in single model
solutions. Effect of competing ions on As(V) removal was investigated in a model solution
containing both, As(V) and phosphates which are assumed to be competitive for the active
sites on the biocharsurface. Finally, groundwater enriched with As(V) underwent adsorption
tests indicating the future potential of obtained adsorbent for this purpose.

Results showed that As(V) adsorption was facilitated at pH values between 4 and 8.
pH 6 was chosen for further experiments. A contact time of 4h was sufficient for the removal
of 91.6+1.2% of As(V), while a small increase in removal efficiency (up to 5%) was
observed after increasing contact time up to 24h. The optimal biochardosage was 2 g/L.
Almost complete removal of arsenate was achieved for all initial concentrations. However,
20 mg/L was chosen as the initial concentration for further experiments. While As(V)
reduction was hindered in the presence of competing phosphate ions (reached 47.2+0.5%
under previously determined optimal conditions and after 23h of contact time), 83.8+1% of
As (V) was successfully removed from groundwater, indicating the good potential of
synthetized biochar for the application in real systems.
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JenHa on TEXHOMOTHja KOja c€ YBEIHUKO KOPUCTH 33 peMEArjalijy KOHTAMHHHUPAHOT
CTaHMINTA, Mpe CBera 3eMJbHINTa je Ouopemenujauuja. OHa ce Mpe cBera KOPHUCTH 3a
npeuninhaBame 3eMJbHINTA 3araljeHor HaQTOM M JepuBaTHMa HadTe, ajdd CBE je BUIIE
mpuMepa Jla ce KOPHCTH U 3a NpedyumrhaBame 3eMIJBHINTA 3aral)eHOr MHKPOIUIACTHKOM,
nep¢IIyopoBaHUM jeAUCHIMA U TCIIKUM MeTanuma [1-4].

Kopumihewe HenatoreHMX MHKpOOpraHM3ama KOjU Cy H30JOBaHM H3 CaMor
3araljuBaya ce cMmarpa HajIOTOAHHUje M HaajUCIIATHBHjE 3a Ipoliec OuopeMeaujaruje
3araljeror cranuiura. OBM MUKPOOPTaHM3MH, KOjH Cy IPHPOIHO MPUCYTHH Ha 3araljeHoM
MecCTy, IpeTBapajy OTPOBHE CYIICTaHIC Y MPOW3BOAE KOjH HHUCY TOKCHYHM 3a YOBEKA W
KMBOTHY CPE/IUHY.

VY Hamem pajay CMO HCIIHTHBAIW IMpollec OMopeMenujamnnje 3eMJbHINTa 3araljeHor
Ma3yTOM KOjH je MOTHIIA0 U3 TOILIaHE.

bnopemennjannja je m3BoheHa Ha MPOjEKTOBAHO] TOMHJIM - XaJIAH OJABAHEM
MHKpPOOHOT KOH30pLHjyMa KOjU je M30JI0BaH ca 3araheHor 3emubnmnrta. HakoH Tora cy
J0AaBaHU HYTpHUjeHTH (OmocTuMymanuja) Koju ¢y oMoryhummu 6osbM paj KOH30pIMjyMa
MHUKpOOprann3Ma. Aepaiuja xanje je 00e3oeheHa nepuouIHIM MelameM.

Bruoctumynanuja ¥ MHOKynamuja xangae y Toky 150 maHa je qoBema 1o omanama
KOJIMYMHE YKYIHUX YIJbOBOJOHMKA Hadre 3a oko 80 myTa, 10K ce je caapikaj XyMHHCKUX
kucenmnHa nosehao. Ilosehame XYMHUHCKHUX KHUCCJIHMHA C€ MOXE CMaTparud IOYCTKOM
CTBapama IUIOJHUjET 3eMJBUINTA.

OBako u3BelleHa OMOpeMerjanrja ce MOKe CMATpaTH YCICITHOM TEXHOJIOTHjOM Y
IUPKYJIapHOj EKOHOMH]jH, 003UPOM J1a CY MUKPOOPTaHM3MH KOjH TOTHIY M3 CaMor 3arahema
pasrpagiii Ma3yT y HETOKCHYHH M HWHEPTHH Marepujaj. Y HCTO BpeMe ce campxkaj
XYMHUHCKHX KHCEIWHA, KOje Cy HWHOWKAToOp IUIagHOCTH 3embminTa mosehao. OBo
"MIPUMUTHBHO" 3EMJBHIITE CE 3aTUM KOPUCTHIIO Kao IMMOKPHUBKA 3a CTAOMIIU3AIU]y TPaJICKe
JICTIOHH] €.
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Kaga ce roBopm o mpuHIMIINMA 3€lE€HE XEMHje Y HCTPaKMUBAmBUMa, Pa3Bojy H
IIPUMEHH, Ty C€ IIpe CBera MUCIH Ha NMPHMEHY XEMHjCKHX pearcHaca, Ipoleca U ropHuBa
KOjH JOIPUHOCE OIPKathy-TIPEKIBIbABAKY KIUBOTHE CPEIIIHE.

3eMJpHIITE KOje MpeAcTaB/ba eKocepy Koja y HCTO BpeME CAAPKH YETHPH
pa3IM4MTa CTama: YBPCTO, TEYHO, I'ACOBUTO M OHWOJIONIKO MpE/ICTaB/ha OCHOBY 3a
MPON3BOAY HAMHUPHUIA 32 CBE Behy MOMyamyjy YOBEYaHCTBA Ha TIIAHETH. Y HCTO BpEME,
3eMJBHIITE j€ N3JI0’KEHO CBUM OOJIMIIMAa JIeBacTanyje, ykjbydyjyhu cBenpucyTHO 3araheme
ca MIMPOKHM CHEKTPOM IITETHUX CYINCTaHIH, Kao IITO Cy Ha IpHMep HadTa U JepUBATH
HadTe, TEIIKM W TOKCHYHM MeETalM, MHKPOIUIACTHKA, Mep(IyopoBaHa jequibemba,
TTOJIMAPOMATUYHH YTJHOBOAOHUITH, IECTULIAAN U apyTo [1-4].

IMoctynak 6uopeMeaunjaiuje mpecTap/ba MPUMEHY HEMATOI€HUX MHKPOOpraHu3aMa
3a OWOJIONIKE TpaHCPoMaIyje W JICKOHTaAMUHAIM]y 3aral)eHor 3eMJBUINTA Y3 Pa3rpalmby
3araljBava 1o KOHTpOJHCAaHUM ycioBuMa. Hajuemhe, TOM MpHIMKOM, yCie AeiIoBama
KOH30pIIMjyMa MHUKpPOOpraHu3aMa, J0JIa3d [0 KOMIUIETHE MHHEpalu3aluje U CTBaparba
YUCTOr 3€MJBMINTA, 3E€MJBHINHOI MaTepujajia Kao M XYMHHCKHX KHCEIHMHa KoOje Cy
(byHIaMEHTAIIHE 33 HEerOBY IIOTHOCT.

Buopemenujaruja je (610)TexXHOIOTHja KOja je KOMIATHOWIIHA ca CBUM MTPHHITUIIMA
3elieHe XeMHje U uHkemepcTBa. OHa je oapkuBa 003MPOM Jia UyBa U OOHABIbA 3EMIBUIITE
Kao pecypc.

Y pamy Cy NpeACTaBbeHH BHIICTOMUINBA PE3yATaTH HAa MHKPOOUOJIOIIKO]
pasrpanamy HapTe U HAQTHUX JeprBaTa KPo3 MIPUMEHY CEICKIMOHUCAHUX U alalTUPAHUX
KOH30PIHjyMa 3UMOTCHUX MUKpoopranm3aMa. OBH MPOIeCH ¢y 00yXBaTall HCTPaKUBamba
Ha 7a0OpaTOpPHUjCKOM HUBOY, Kao W in Situ/ex situ TOCTyNKe OWopeMenujaiuje Koja je
MpUMEeHa Ha XuJbagaMa ToHa 3araljenor semspuinra. [louyeTHu HUBOU 3araljema cy Ominu
1o 40 g/kg (mpepauyHaToO Ha CyBY CYIICTaHILy), a Ha Kpajy Tmpolieca OnopeMeanjaije Koju
je Tpajao HajBHIIE A0 6 Mecelr KOHIICHTpallnja je cMambeHa Ha oko 0,5 g/kg (mpepauyHaTo
Ha CYBY CYIICTaHIly), IITO MpeAcTaBjba ePuKacHOCT oa oko 99 %. Tom mpunukom cy
JIC3UHTETPUCAHH U TyrokuBehn crepaHu u TpuTepnaHu (XOomaHu), kKao u cermeHTH NSO-
¢dpakumje! Cagpxaj XyMHHCKHX KHCEIHHA C€ je Y MOYETKY CMamKBao, JOK je J0 Kpaja
OnopemeaHjanmje IMOHOBO 1Moueo aa pacte. CactaB KOH30PHUjyM MHKPOOpTaHH3aMa ce je
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BPEMEHOM MEMA0 y 3aBUCHOCTH OJI CTarba 3araljuBava anu je yBek 6uo y rpanunama 10 no
10'° CFU/g [5,6].
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3araheme 3eMIBHINTA MOXE HACTaTH W3 BEIHKOT Opoja paszmora. To mory OuTH
JTUCKpeTHa, Taukacta 3arahema, nudysmja, 3araheme o Bemraukux hyOpuBa, kao u
aKIUJCHTHE cuTyaluje. [ maBHu u3Bopy 3aralera 3eMIbUINTA CY TOJBOIPUBPENIA, BEIUKU
TpaJioBH, HHAYCTPHjCKU KOMILUICKCH, Ka0 U HHIHCHTHE CUTYaIlH]e.

Kao sornyan cien oBux 3araljema je Bpahame KMBOTE CpeAinHE Y MPBOOUTHO WM
onpxuBo crame. Lluib pemenujanuje je ga ce caupxkaj 3aral)yjyhux cynctaHuu cMmamu
UCIIOZ BPEAHOCTH KOje Cy IpomucaHe 3akoHOM. Op CBHX TEXHOJIOTHja peMenujanuje,
kopuirheme MHUKpPOOpraHM3aMa Yy Ipoliecy OuopeMeadjaluje je HajIoBOJbHUJU U
Haje(MKaCHUjH 3a )KUBOTHY CPEIHY, 3aTO IITO CE IIPHINKOM OBOT IIpolieca He CTBapa HOBH
otman, Beh ce mocrojehn pasrpalyje uinu mpeTBapa y Mame TOKCHYHE (GopMme (Ha mpumep
kox Mertana) [1]. Ocum Tora, y mporecy OuopeMmenmjanuje moBehaBa ce W calpikaj
XYMUHCKHUX KHCEIIMHA KOje Cy 100ap WHAMKATOP KBAIUTETA 3eMJbHIITA [2].

VY Hamem UCTpaXXWBamby UCIUTUBAIIM CMO CaAP’Kaj YKYIHHX YIJbOBOJAOHHUKA Ha(TE U
caZip’Kaj XyMUHCKHX KHCENHMHA Y 3eMJBHIITY KOHTAMUHUPAHOM Ha(TOM, Ipe 1 HakoH 180
JlaHa Tpajama OwopeMenujanyje. Y Tpolecy Cy KopuiiheHH MHKpOOPTaHM3MH KOjU CY
M30JIOBaHM ca MecTa 3araljema 1o mporeaypu Koja je panuje omnucana [3].

Ha kpajy crynmje, cMamemhe YKYIHUX YIJbOBOAOHHUKA HadTe je Ommo 89 %, nok je
caap)Kaj XyMHUHCKHX KUCETIHA ropacTtao 3a 39 %.

U3 oBor ucTpakuBama ce MOXKe 3aKJbYUUTH J1a je OMopeMeIjalirja TeEXHOJIOTHja Koja
ce MOX¢E KOPHCTHTH y OXKHBJbaBamy 3araljeHe nNpupoIHe cpenune kopuimhemeM 6akTepuja,
IJbMBA U APYTUX MUKPOOPTraHU3aMa, Kao ¥ BUXOBUX eH3uMa. OBo je Takohe nobap mpumep
3eJeHe TEXHOJIOTHj€ TIC MHUKPOOPTaHM3MH pa3fiaKy TOKCHYHE CYIICTaHIE y >KUBOTHO]
CPeIMHH, TIPH YeMy CTBapajy KOpHUCHE MOJIEKyJle Kao INTO Cy XYMHHCKE KHCEIHHE U
00HaBJbAjy )KMUBOTHY CPEIUHY.
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Uklanjanje sirove nafte iz vodene sredine — poredenje efikasnosti biougljeva i
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Nafta se na molekulskom nivou moze okarakterisati kao skup velikog broja jedinjenja,
od kojih mnoga mogu imati Stetno dejstvo, stoga svako njeno dospevanje u Zivotnu sredinu
mora biti sanirano. Upotreba fizickih ili hemijskih metoda za uklanjanje sirove nafte se Cesto
pokazala kao skupa ili nedovoljno efikasna. S druge strane, bioloSkim metodama pruza se
ekoloski prihvatljivije 1 jeftinije reSenje [1, 2].

Upotreba nosaca mikrobnih ¢elija pokazala je vecu efikasnost mikroorganizama u
odnosu na njihovu efikasnost kada se slobodno kre¢u u kontaminiranom sistemu[3]. Jedan
od nosaca koji se pokazao kao obecavajudi jeste i biougalj. Zbog svojih fizicko-hemijskih
osobina, velike mo¢i adsorpcije 1 katalitiCke sposobnosti, biougalj osim u funkciji nosaca,
moze povecati efikasnost uklanjanja i polarnih i nepolarnih jedinjenja fizickim i hemijskim
procesima. Takode, s obzirom da se biougalj dobija iz organskog otpada, jo§ jednog velikog
ekoloskog problema, kao glavni ili sporedni proizvod u proizvodnji biodizela, njegova
upotreba moze biti od viSestrukog znacaja.

Cilj ispitivanja bio je da se uporedi efikasnost uklanjanja sirove nafte iz kontaminirane
vodene sredine nakon mesec dana upotrebom biougljeva, biougljeva sa imobilizovanim
mikrobnim ¢elijama i samih mikrobnih ¢elija. Ispitivanje je vrSeno pri niZoj, 300 mg, i vi$oj
koncentraciji nafte, 600 mg na 100 ml vode. Kao nosaci i sredstva za uklanjanje koriS¢ena
su Cetiri tipa biouglja dobijena pirolizom peleta pSenicne slame (WSP 550), kanalizacijskog
mulja (SS 550), slame uljarice (OSR 550) i kineske $asi (MSP 550) [4], dok su
mikroorganizmi izolovani iz zemlje kontaminirane naftnim zagaduju¢im supstancama.

Radi merenja efikasnosti uklanjanja nakon mesec dana, gravimetrijski je odredena
masa prestale nafte. Rezultati merenja prikazani su tabelarno (tabela 1) i graficki na slici 1.
U tabeli i1 na grafiku su biougljevi sa imobilizovanim mikrobnim celijama oznaceni kao
,,Naziv biouglja” + MO.

Iz tabele i grafika se vidi da se efikasnost uklanjanja menja u zavisnosti od biouglja.
Za detaljniji uvid neophodno je uraditi i gasnohromatografsku-masenospektrometrijsku
analizu preostale nafte.

131


mailto:*gordana.gajica@ihtm.bg.ac.rs
mailto:*gordana.gajica@ihtm.bg.ac.rs

ENVIROCHEM2023

Tabela 1. Efikasnost uklanjanja nafte izrazena u %

Uzorak 300 mg/100 mL 600 mg/100 mL
WSP 550 95,92 95,47
WSP 550 + MO 94,78 74,11
SS 550 93,37 84,96
SS 550 + MO 81,68 86,84
OSR 550 99,42 91,04
OSR 550 + MO 99,10 95,44
MSP 550 96,12 98,04
MSP 550 + MO 99,87 95,99
MO bez biouglja 89,29 29,54
100
80
60
40
20
0
S < s P 8 ¥
& ch SO Q; &
& = & *@
Bl 3000 mg
BB 6000 mgil

Slika 1. Efikasnost uklanjanja nafte iz vodene sredine.
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Molekularna karakterizacija mikroorganizama izolovanih iz kontaminirane Zivotne
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Plastika kao izvor zagadenja postaje sve veci globalni problem. Veéina plastike je
dizajnirana za jednokratnu upotrebu, $to dodatno povecava koli¢inu plasticnog otpada.
Usled preopterec¢enja zemlje i voda plasticnim otpadom neophodno je razviti procese koji
¢e omoguciti efikasno uklanjanje plastike iz zZivotne sredine [1]. Polietilen-tereftalat (PET)
spada u najkoriscenije polimere za izradu plastike, te je neophodno naéi efikasan nacin za
njegovu degradaciju. Kao povoljan metod degradacije PET plastike predlaze se enzimska
hidroliza kori§¢enjem mikroorganizama koji kao izvor ugljenika mogu koristiti PET [2].
Bis-(2-hidroksietil)-tereftalat (BHET) je intermedijer u izgradnji PET polimera, te je
koris¢en kao model sistem za ispitivanje degradacije PET plastike [3].

Cilj ovog rada je bila identifikacija mikroorganizama koji potencijalno razgraduju
BHET, kao i primena ¢istih kultura za degradaciju istog.

Tokom studije testirana je osetljivost mikroorganizama na antibiotike (penicillin i
nalidiksinsku kiselinu). Pra¢ena je pojava zona inhibicije 24h nakon zasejavanja
mikroorganizama. Nakon antibiograma radeno je izolovanje DNK po protokolu za Gram-
pozitivne 1 Gram-negativne bakterije. Za svaki soj mikroorganizama umnozeni su geni za
16s rRNK lan¢anom reakcijom polimeraze (PCR). Radena je preparativna agarozna
elektroforeza sa PCR produktima i DNK je ekstrahovana iz gela. Uzorci su poslati na
sekvenciranje 1 dobijene sekvence su spojene u programu BioEdit. Dobijene sekvence su
poredene u NCBI BLAST bazi podataka i identifikovani su rodovi izolovanih
mikroorganizama.

Ispitivana je degradacija BHET-a pomocu Ccistih kultura mikroorganizama, gde je
kori$¢ena mineralna podloga, a jedan od izvora ugljenika bio je BHET. Inkubacija je trajala
14 dana, a degradacija je pracena u prvom i poslednjem danu inkubacije pomocu tankoslojne
hromatografije (TLC). KoriS¢en je sistem rastvaraa benzen:dioksan:sirCetna kiselina
(90:25:4, v/v/v). Na slici 1 su prikazani rezultati TLC-a gde su koriS¢eni sojevi
Pseudomonas, Bacillus i Rhodococcus. Kao najefikasniji soj pokazao se Rhodococcus.
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Slika 1. Hromatogram uzoraka nakon degradacije BHET-a

Kako je pokazano da sami mikroorganizmi mogu da potpuno ili delimi¢no
transformiSu BHET, dalji eksperimenti ¢e se odvijati u smeru ispitivanja potpune
degradacije pomocu konzorcijuma mikroorganizama.
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Microbial powder formulations are natural and environmentally safe products that are
supposed to replace overused agrochemicals that are polluting the environment.
Microencapsulation of different B. subtilis isolates have been a subject of a few research
groups. So far they examined the influence of different inert ingredients [1-2] on viability
and stability of the formulation, with an emphasis on the bio-control effect. The effect of
spray drying conditions have not been investigated yet, neither the possible interaction
effects between the factors. Therefore, the aim of this work was to determine optimum spray
drying conditions for B. subtilis NCIM 2063 and to evaluate the individual and combined
effects of important spray drying variables.

NCIM 2063 isolate was cultivated in a 2.5 L bioreactor (KLFM, BioEngineering,
Wald, Switzerland) containing sterilized DSM medium. After 48 h of cultivation,
fermentation broth containing B. subtilis NCIM 2063 culture was exposed to a thermal shock
for 1 h at 54 °C. Fermented broth samples were mixed with different amounts of
maltodextrin (according to the Box-Benkhen experimental design). Each suspension was
spray dried in a laboratory scale spray drier Biichimini B-290. The inlet temperature and the
feed flow rate were set according to the Box-Benkhen experimental design. Moisture content
and product yield were chosen as dependent variables.

The yield of dry powder after spray drying varied from 39.2 to 96.8 %. The influence
of selected variables on product yield was determined by the response surface method. Based
on response surface analysis, it can be concluded that the maximum yield was achieved by
a simultaneous increase of maltodextrin concentration and temperature. On the other hand,
an increase in temperature and decrease in feed flow rate decreased the moisture content.
However, the influence of maltodextrin concentration is insignificant. Although
maltodextrin concentration dose did not affect moisture content significantly, the influence
of maltodextrin concentration became more pronounced at a lower feed flow rate in the
examined range. According to desirability criteria the following conditions were proposed
for spray drying of B. subtilis NCIM 2063: temperature 133 °C, maltodextrin concentration
50 g/L and feed flow rate 6.5 mL/min.

In conclusion, this research proved that B. subtilis NCIM 2063 can be successfully
microencapsulated with maltodextrin using spray drying procedure. Determined predictive
models will be of a great use for the selection of drying conditions depending of the plant
growth promoting microorganism.
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The excessive use of agrochemicals has led to many negative impacts on the
environment and human health. Microbial fertilizers are an eco-friendly alternative to
agrochemicals that consist of plant growth-promoting microorganisms. The final product
should be effective, stable and easy to apply. Achieving this challenge requires proper
formulation and characterization [ 1-2]. Therefore, the aim of this paper was to formulate and
characterize Bacillus subtilis NCIM 2063 formulation with plant growth promoting
capability. Microbial powder formulations were prepared using spray drying with
maltodextrin as a carrier. Powder formulation obtained under optimum conditions was
analyzed for viability, hygroscopicity, solubility, dissolution time and morphology of the
microparticles. The morphology of the formulation obtained at optimum conditions was
investigated using a JEOL JSM-6610LV scanning electron microscope (30 kV accelerating
voltage) with an energy-dispersive X-ray spectrometer (SEM/EDS; XMax Large Area
Analytical Silicon Drift connected with INCAEnergy 350 Microanalysis System). Results
have shown that the obtained formulation has retained high viability during the storage
period. The morphology of microcapsules can be described as an amorphous glassy
structure, varying from flat and deflated to round spherical particles with a porous surface.
The diameter of spherical particles obtained in this study ranged from 5 to 300 um. The
dimensions of the particles are not of crucial importance as they can be modified
subsequently, by granulation adjustment methods. The outer surfaces of the microcapsules
were characterized by the presence of indentation, with a few cracks on the surface. On the
other hand, variables such as hygroscopicity, dissolution time and solubility showed that the
powder has enhanced stability and potential to be stored long-term, which was also proven
by a high number of surviving cells after a one-year period.
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Industrialization today leads to a significant increase in the number of phenols,
pesticides, paints, solvents and other organic pollutants with potentially carcinogenic effect
in natural resources. One of the major problems is water pollution from the textile industry
causing significant quantities of organic dyes released daily into the environment without
special treatment [1]. The presented study reports an efficient and simple method for the
green microwave-assisted production of doped carbon quantum dots (CQD) from glucose
as carbon precursor (Figure 1) and their fight against water pollution.

Bottom-up MW synthesis

N-source (NH,OH)
\ O\

B-source (H;BO;)

MW synthesis

N-CQD

Glucose 100 °C for 1-5 min B-CQD

Figure 1. The illustration of the MW assisted synthesis of N-CQD and B-CQD from
glucose.

The resulting N-CQD and B-CQD were negatively charged particles with a spherical
shape. The good water dispersion properties of doped-CQDs came from oxygen-containing
surface functional groups in the form of hydroxyl, carbonyl and carboxyl groups. The
outcome of doped-CQDs surface chemistry towards a specific organic water contaminants
removal efficiency was examined through the photocatalytic activity of selected
photocatalysts.

A new type of carbon nanomaterials known as CQD, have exceptional
physicochemical and optical features, tuneable photoluminescence and strong light
absorption [2,3]. In addition to these characteristics, the variety of precursors and preparation
techniques, along with the opportunity to modify the surface and dope the CQD to alter their
properties, make them interesting candidates for a variety of applications [4-7].

Photocatalytic activity of N-CQD and B-CQD photocatalysts towards Rose Bengal
(RB) removal efficiency was investigated under neutral pH, room temperature and constant
pollutant (0.03 mM) and photocatalysts (0.2 mg/mL) concentration. Reaction in the dark
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reaction conditions for 30 min (adsorption/desorption equilibrium) showed the better
adsorption capacity for B-CQD photocatalyst while the N-CQD showed higher removal
efficiency percentage towards decomposition of RB organic dye in a short time (Figure 2).

.3
K . -%-

Figure 2. The removal efficiency percentage of RB organic dye in set time interval
for B-CQD and N-CQD photocatalysts.

Both photocatalytic materials showed strong capacity for RB organic dye removal under

UV light under 300 min with residual 16 % and 3 % of RB in the presence of B-CQD and
N-CQD, respectively.
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In order to reduce air pollution by green-house gases released during fossil fuels
combustion, hydrogen has been suggested as an alternative, clean fuel [1]. The most
promising method of obtaining green hydrogen (and oxygen) is electrolytic water splitting
[2]. For splitting process to be efficient, it is necessary to useelectrocatalysts with high
activity, but they should also be economically accessible. Ionic liquids are used in the most
diverse fields of sciencedue to their unique physical and chemical properties, and in this
regard, they can be used for the development of electrocatalystsby direct carbonization [3].

Within this study, carbon catalysts doped with iron and copper (Fe/C, Cu/C and
FeCu/C) were prepared by carbonization of ionic liquids containing the corresponding metal
and characterized for the hydrogen evolution reaction (HER) in alkaline (8 M KOH) media.
Electrochemical measurements were made by cyclic voltammetry (CV), linear cyclic
voltammetry  (LSV), electrochemical impedance spectroscopy (EIS) and
chronoamperometry (CA).

All electrocatalysts showed good activity for HER. Tafel slope (b) values of -132, -
155and -151 mV dec™! (Table 1) were obtained for HER at 25 °C for Fe/C, Cu/C and FeCu/C,
respectively. Also, the exchange current density (jo) was determined and the values ranged
from 1.28 to 2.94 102 mAcm™. The results (Table 1) show that Fe/C, Cu/C and FeCu/Care
promisingelectrocatalysts for hydrogen gas production by water splitting.

Table 1. Parameters of HER activity of electrocatalysts in 8 M KOH at 25 °C.

Electrocatalysts Eonset/mV | jago/ mAcm? | b/mVdec! | jo/102 mA cm?
Fe/C -308 4,70 -132 1,28
Cu/C -290 4,66 -155 2,94
FeCu/C -335 2,73 -151 1,42
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Graphene is a two-dimensional carbon nanomaterial, consisting of sp?> hybridized
carbon atoms, organized in a honeycomb hexagonal crystal lattice [1]. Due to their
extraordinary physical and chemical properties such as high electrical conductivityof 106
em?V7's™!, Young’s module close to 1 TPa, as well as large surface area (2630 m2 g™),
they attract the attention of researchers from science toward industry.

Graphene can be produced by different techniques such as chemical synthesis,
chemical, mechanical or electrochemical exfoliation, thermal annealing, etc. Synthesis of
graphene in that way usually includesthe consumption of commercially availablechemicals.
To avoid disadvantages, researchers developed methods based on biomass and bio-waste
materials for graphene synthesis [2]. Within these procedures, starting materials for
graphene synthesis are wood parts [3], agricultural waste[4], fruits[5],and many others[2].
The main principle of graphene fabrication from biomass-derived sources consists of their
pyrolysis underan inert atmosphere. Pyrolysis can be occurred on Cu support, in the presence
of some activation agents such as base and salts, or in hydrothermal conditions. Activation
agents lead to cutting, pore formation, and starting material exfoliation. KOH is an often
used agent for activation. K* from KOH reacts with graphite microcrystals during the
reaction by transferring a charge to the [graphene-H] complex. H atoms became removed
from the complex, which cause the formation of sp? atoms. Also, the presence of KOH
released CO; in reaction penetrates between graphene layers, separating them, and
increasing the surface of the material [2].

Apple and products made of them are the most consumed fruit and products all over
the world [6]. According to the Ministry of Agriculture, Forestry and Water Economy of the
Republic of Serbia data, 26.1 x 10° L of fruit alcohol drinks including apple-based ones,
were producedin 2021[7]. Large amounts of solid and liquid apple wastes are generated
during the apple processing [6]. Per each litter of produced fruit alcohol, around 815 L of
wastewater (stillage) is produced. Due to high biodegradability, that waste has become a
great environmental problem. Most of the waste goes to landfill, is burned, and contribute
to an increase inthe amount of greenhouse gases. It alsoreaches aquatic ecosystems, causing
their eutrophication. Apple biomass and bio-waste were investigated as start carbon material
for graphene production in many reported researches [8, 9].

In this study, graphene-like material was synthesized from biomass obtained
duringthe apple alcohol drink preparation process. Raw biowaste was dried to the powder
and mixed with KOH pastilles to create a homogenous powder. Then, the mixture was
heated in the furnace at 850 °C for 1 hour, under an atmosphere of inert gas. After heating,
the material was washed from KOH, until pH reached neutral. The structure of produced
material was investigated using infrared spectroscopy with Fourier transformation (FTIR)
and Raman spectroscopy. The structural analysis confirmedthe presence of the graphene
domains in biomass-derived material.
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Stillage obtained from appleschnapps is a possible starting material in graphene

fabrication. Thanks to low prices, eco-friendly, sustainable, and simple approach, as well as
increasing graphene market, the presented method has a huge potential to become an
important method in graphene production.
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The rapid increase in human population, urbanization, presence of pollutants in the
environment, as well as climate change, harm natural and drinking water quality [1]. Except
that, the widespread use of antibiotics led to one of the greatest global problems —
antimicrobial resistivity. Resistive microbial species in water, devastate the aquatic living
world and cause damage to human health. Therefore, clean and safe water is of crucial
importance [2]. Standard methods for water disinfection such as chlorination or ozonation
are very effective, but they show some drawbacks in the form of toxic by-products created
during treatment [1]. In recent years, graphene quantum dots (GQDs) were identified as a
promising carbon nanomaterial for eco-friendly antibacterial application due to their optical
and chemical stability, high water solubility, non-toxicity, and biocompatibility. One of the
reported GQD’s antimicrobial mechanisms is the photo-induced production of singlet
oxygen ('0,) Under light exposure, GQDs transfer the energy to molecular oxygen from the
air. Oxygen molecules transform to their excited form 'O, which causes oxidative stress in
bacterial cells and reduces their viability [3]. Among photooxidative, GQDs have shown
antioxidative potential which may contribute to water and food quality [4].

In this research, photo-induced prooxidative and antioxidative features of GQDs were
tested. GQDs were fabricated in an eco-friendly single-step, top-down approach of the
electrochemical oxidation of graphite electrodes [5]. To improve their structural and optical
properties, as well as antioxidative and pro-oxidative potential, their structure was modified
using gamma irradiation. Samples were exposed to gamma rays at a dose of 200 kGy, where
one sample was irradiated in the presence of ethylenediamine (EDA), while in the case of
the second, the irradiation medium was air.

The morphology of GQDs was analysed using atomic force microscopy. Their
structural analysis was performed by infrared spectroscopy with Fourier transformation,
while the optical properties were investigated by photoluminescence and UV-Vis
spectroscopies.

The ability of gamma-irradiated GQDs in an air medium to produce singlet oxygen
was examined using electron paramagnetic resonance (EPR) spectroscopy. During the 5h of
blue light exposure, GQDsyair produces singlet oxygen ('0,). In the presence of 'O,, EPR
inactive, 2,2,6,6-tetramethylpiperidine (TEMP) was transformed into EPR active (2,2,6,6-
tetramethylpiperidin-1-yl)oxyl (TEMPO) which shows characteristic EPR signal.
Antioxidative properties of GQD-EDA samples were analysed using Rhodamine B (RHB)
test. RHB test was used to investigate the ability of GQDs-EDA to quench - OH radicals and
protect colour from oxidation. For the RBH test, mixtures of RHB, H,O,, and GQDs-EDA
in different concentrations (10-800 ug mL™") were exposed to UV irradiation for 1 hour, at
360 nm. According to recorded UV-Vis spectra, at the lowest GQDs concentration of GQDs-
EDA, the absorption band at 554 nm originating from RHB almost disappeared. With
increasing of GQDs-EDA concentration, the intensity of the band proportionally increased.
Based on these results, can be seen that GQDs-EDA protects a dye from oxidation.
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In summary, GQDs modified using gamma irradiation at the dose of 200kGy in the

different irradiation media can produce singlet oxygen when they light up, as well as show
the ability to quench oxygen-reactive species. This research opens the gate for the potential
application of GQDs as efficient antibacterial agents for water treatment, as well as
antioxidative agents.
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In vineyard environments, frequent application of agrochemicals and surrounding

activities can directly lead to increase concentrations of potentially toxic elements (PTEs) in
soil and grapevine [1]. Based on our previous research in the vineyard ambient where we
performed several experiments in different vineyards (conventional and organic) we
identified the most significant pollutants by different methodologies and we assessed the
workers’ and consumers’ risks by the exposure to the vineyard soil and grape [2, 3, 4, 5, 6].
Further, we continue to investigate environmental implications and human health risks in
different vineyards based on PTE concentrations in soil, grape and grapevine leaves and in
parallel we performed in vitrobioaccessibility assay on the samples collected from different
vineyards (commercial and from small producers). This study was done as a pilot research
which can promote producers and support them to be more competitive on the market.
The concentrations of potentially toxic elements (PTEs) were investigated in soil, soil
bioavailable fractions, grapevine, and bioaccessible fractions of soil and grape samples. We
investigated grapevine and soil samples from 40 parcels in 13 vineyards. For the pseudo-
total concentration determination, the samples were prepared by the microwave digester
where the soil samples were dissolved by HCl and HNO3, and grape and leaf samples with
HNOs; and H,O,. The soil samples were extracted by single extraction procedures
[procedures which were in detail presented in previous study 4] and by sequential extraction
to assess element mobility and bioavailability. Performing in vitro unified bioaccessibility
method (UBM BARGE) developed by the Bioaccessibility Research Group of Europe and
validated at the University of Lorene in Nancy in France [7, 8] was performed on the soil
and grape samples. This assay was performed to determine element concentrations available
from soil and grape in the human gastrointestinal tract (GIT).

The concentrations of pseudo-total, mobile and bioavailable, but also bioaccessible to
human from soil and pseudo-total and bioaccessible from grapes were determined by
Inductively Coupled Plasma — Optical Emission Spectrometry (ICP-OES) and Inductively
Coupled Plasma — Mass Spectrometry (ICP-MS). By ICP-OES were determined
concentrations of Al, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb,
S, Sb, Si, Sr, V, Zn and by ICP-MS Li, Be, V, Cr, Co, Cu, As, Mo, Cd, Sn, Sb concentrations
in soil, soil bioavailable extracts, grapevine, and soil and grapevine bioaccessible fractions.

The experiment is conducted to assess element mobility and
bioavailability in the soil—grapevine system and to examine
environmental implications, the worst—case scenario of workers’
and consumers’ health risk and the bioaccessibility of PTE in the

human gastrointestinal tract (GIT).
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Environmental risk assessments pointed out the most polluted locations between
investigated vineyards. The worst-case scenario human health risk evaluation revealed some
risk for workers and also moderate risk for consumers of several grape varieties. It was
determined that Cr and Ni concentrations in soil and grape mostly contributed to
environmental implications and increasing the human health risk. The highest contribution
to risk for workers had pseudo-total concentrations of Ni, then Cr, Co and Mn from the soil,
and for grape consumers Ni, Cr, Mo and B concentrations from grapes. However, these
elements from soil and grapes were negligibly bioaccessible in human GIT assessed by the
UBM bioaccessibility test, but anyhow the worst-case scenario risk assessment can be used
as a precautionary measure in vineyard management. Also, Cr and Ni were highly bonded
in residual soil fraction and they were not mobile, while Co and Mn were bonded in reducible
soil fraction. Easily available were Mo and B from the soil, but they were negligibly
bioaccessible to human GIT. Finally, this approach of PTEs investigation in samples from
vineyards accompanied by environmental and human health risks with bioaccessibility
assessments may improve vineyard production and management and can be beneficial to the
producers.
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Human milk represents the most significant food and source of nutrients for the
newborn. It has immunological and health effects on the baby which is of major importance.
Human milk samples were collected from healthy volunteer mothers from the general
population living in urban or semi-urban areas in Zadar in Croatia. Each participant gave
informed consent before donating the milk samples for the experiment. In our study 50 milk
samples from healthy mothers were investigated. The aim of our study was to determine
macro elements as nutrients in milk samples and to monitor the potentially toxic elements
(PTEs) in human milk since they pose health risk for infants. Also, the in vitro
bioaccessibility assay simulating gastrointestinal tract (GIT) was used for the assessment
quantity of dissolution of PTEs in infant GIT [1, 2].

Milk samples were stored frozen before the analysis. The microwave digestions of
milk samples, 10 mL of each sample, were done by using HNO; and H>O, and concentration
of 24 elements (Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Li, Mg, Mn, Na, Ni, P, Pb, S,
Se, Sr, Zn) were determined by Inductively Coupled Plasma - Optical Emission
Spectrometry (ICP-OES) and Inductively Coupled Plasma —Mass Spectrometry (ICP-MS).
The skimmed milk powder ERM certified Reference Material (ERM®-BD150) was used
and the blank samples were analysed. In parallel, the bioaccessibility assay was performed
at the controlled temperature of 37 °C with solutions simulating gastric (GE) and gastro-
intestinal (GIE) fluids to simulate the GIT (stomach and small intestine, respectively) of
infants [1, 2]. In the solutions GE and GIE we also analysed the PTE concentrations by ICP-
OES and ICP-MS. GE simulates bioaccessibility in the infant's stomach and GIE in the small
intestine. The macro elements were not determined in bioaccessible fraction because the
solutions for the simulation GE and GIE contain salts and enzymes, and salts in the extracts
make this procedure inappropriate for nutrients bioaccessibility assessment.

Observing the pseudo-total element content the macro element concentrations were
determined in highest concentrations in the following order K> Ca>Na>P >S>Zn > Mg
>Fe > Cu > Li> Al > Se > Sr > B > As > Mn > Ba > Cd > Pb. Concentrations of Co, Cr,
Hg and Ni were not determined in human milk samples (concentrations were lower than the
limit of the detection). Some of the measured elements are of an essential role in infant health
and their concentrations were similar with nutritional studies and WHO reports, while the
other elements such As, Cu, B, Cd and Pb can mostly originate from food consumption or
environmental exposure of mothers. For As, Cd and Pb there are some pseudo-total extreme
values in milk samples from mothers who consume cigarettes but also in some samples from
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mothers who do not consume cigarettes were extreme or outlier values. Thus, we cannot
have a clear connection because probably many of them can be indirectly exposed to the
different sources of these toxic elements. Anyhow for further investigation, more details in
observing the habits of mothers will be included (such as identification of the exposure, type
of food they mostly consume, potential metal pollution sources at the home and in the
working place etc).

Bioaccessibility assay was appropriate for the determination the bioaccessibility of
elements Al, As, B, Ba, Cd, Cu, Fe, Mn, Pb, Sr and Zn. The median values of bioaccessible
element fractions in GE compared to the pseudo-total concentration (%) are Al (0.19 %), As
(0.41 %), B (0.19 %), Ba (10.6 %), Cd (12.1 %), Cu (13.3 %), Fe (7.99 %), Mn (25.4 %),
Pb (2.67 x 10 %) Sr (0.07 %) and Zn (8.25 %). The median values of bioaccessibility of
elements in GIT compared to the pseudo-total content of elements in milk samples are Al
(0.04 %), As (0.07 %), B (0.04 %), Ba (0.98 %), Cd (2.29 %), Cu (19.25 %), Fe (1.88 %),
Mn (4.83 %), Pb (4.6 x 107 %) Sr (0.08 %) and Zn (8.25 %). The bioaccessibility of Al, As,
B, Ba, Cd, Fe, and Mn is higher in GE (stomach) where the GE fluids were more acidic than
in GIT. Similar bioaccessibility in GE and GIE fractions were obtained for Sr and Zn, but
higher bioaccessibility of Cu and Pb were obtained in the small intestine than in the stomach.
The highest bioaccessibility, among the investigated elements, were obtained for Ba, Cd,
Cu, Fe, Mn, and Zn in the stomach, and Cu, Mn and Zn in the small intestine. Thus, mothers
should avoid uncontrolled exposure to the Ba, Cd, Cu, Fe, Mn, and Zn in lactation periods,
because their accumulation in milk and bioaccessibility to the infant is higher and can affect
the infant's health.
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Particle pollution levels experienced by people in cities should be continuously traced
and monitored due to the negative health effects (HEf) of particle matter (PM) on humans
[1]. During two periods of the year, the poor air quality in Novi Sad is reflected byheating
(HS) and non-heating seasons (NHS), along with large urbanization and occasional local
particle emissions. Fine particle matter (PM, ) is the major air pollutant, and several factors
that influence the HEf resulting from PM pollution are absorbed dose, size and type of PM,
chemical composition, and individual susceptibility [2]. The presented study provides
insight into non-carcinogenic acute (AcuEx) and chronic (ChrEx) human exposures to PM; 5
during HS and NHS in 2020. by determining Hazard Quotient (HQ) at three urban locations
in Novi Sad. Potential adverse effects of human exposure to PM,s were investigated by
mean, minimum, and maximum PM,s concentration (conc.) in both seasons, using
inhalation as one of the most rapid exposure pathways [3]. PMs data were collected by
Low-cost Optical Particle Counters (LCOPC), for 10 days in both seasons. Measuring sites
were: urban-domestic (URBDS, private households heated by individual boilers), urban
(URBS, households heated by city thermal power plant, low traffic), and urban-traffic
(URBTS, households heated by city thermal power plant, high traffic intensity). LCOPC
were previously calibrated with reference station for a certain period of time in order to
analyse their accuracy. AcuEx and ChrEx were investigated for three age groups (male and
female combined), seniors (65 years), adults (35 years), and children (10 years), following
the referent values regarding age scale, inhale rates, body weights [4] and PM, s referent
values provided by the literature [5]. Table 1. Shows equations used for the AcuEx, ChrEx,
and HQ calculations and equation legends [1].

Table 1. Equationsfor AcuEx, ChrEx and HQ determination

Equations Legend/HQ classification
AcuEx AHD- average hourly dose (pg/kg/hour); C-PM
concentration (pg/m?); IR- inhalation rate (m*/hour
AHD=(C x IR)/BW or m*/day); BW- bodyweight (kg); ADD- average
ChrEx daily dose (ug/kg/day); ED-exposure duration

(days); ET- exposure time (hour/day); EF- exposure
ADD=(C x IR x ED)/(BW x AT); frequency (days/year); DE- duration exposure
ED=ET x EF x DE; AT=365 x DE (years); AT- averaging time (days)
HQ HQ = 1.0 - benchmark of safety; HQ < 1.0 -
_ negligible risk; HQ > 1.0 - may be some levels of
HQ= AHD/Ref (AcuEx) risks to sensitive individuals; HQ > 10 - high
HQ=ADD/Ref (ChrEx) chronic risk; Ref — PM referent value
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Daily PM; s conc. during HS and NHS were in the ranges from 10.38-41.81 and 6.55-
20.66 at URBDS; from 8.35-39 and 11.80-21.02 at URBS, and from 8.38-42.65 and 6.64-
21.18 at URBTS. HQ values for AcuExat URBDS, URBS, and URBTS, during both
seasonsfor senior, adult, and child population, were in the range from 0.003-0.19, which
indicated that there is a negligible risk for the population, even for the sensitiveone.
Considering ChrEx, all calculated HQ were higher than 1, indicating high health risk for all
age groups due to PM, s exposure, at mean, minimum, and maximum PM; s conc. Seniors
had HQ values within the range from 4.48-17.30 (URBDS-HS), 2.69-8.50 (URBDS-NHS),
3.46-16.14 (URBS-HS), 4.86-8.65 (URBS-NHS), 3.47-17.65 (URBTS-HS), and 2.73-8.71
(URBTS-NHS). HQ values for adults rangedfrom 5.16-19.93 (URBDS-HS), 3.10-9.79
(URBDS-NHS), 3.98-18.59 (URBS-HS), 5.59-9.96 (URBS-NHS), 3.99-20.33 (URBTS-
HS), and 3.15-10.04 (URBTS-NHS). Children were the most affected population by
PM, spollution, and under the highest potential risk due to ChrEx HQs at all three measuring
sites. HQs for the children population were within the range of 9.84-37.97 (URBDS-HS),
5.91-18.66 (URBDS-NHS), 7.59-35.42 (URBS-HS), 10.66-18.98 (URBS-NHS), 7.61-38.74
(URBTS-HS), and 6-19.13 (URBTS-NHS). Determined HQs showed unacceptable chronic
exposure conditions to PM, s for seniors, adults, as well as forchildren at URBTS, URBDS,
URBS during HS and on URBS, URBTS, URBDS during NHS (by decreasing order).
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Groundwater is one of the most important sources of drinking water. Clean
groundwater is essential for drinking, agricultural practices and industrial processes. In
recent decades, the demand for groundwater resources the world has increased, due to an
increase in human population and urbanization. Therefore, assessing groundwater quality
and evaluating potential contamination risks is crucial to ensure that human beings have
access to clean water.

The western Banat Plain is located in the northeast part of the Republic of Serbia,
representing a part of the Pannonian Basin, one of Europe's most significant agricultural
areas. It is known that groundwater quality is questionable in this area. Moreover, the content
of arsenic in groundwater in some parts of Banat is elevated [2], so it is vital to analyze the
suitability of this water for drinking and its impact on human health.

The health risk assessment has been widely used as an efficient method for
determining the harmful health impacts of groundwater pollutants. Hazards identification,
dose—response analysis, exposure assessment, and risk characterization are the four major
steps in the HRA process [3].

The health risk assessment can be categorized into non-carcinogenic and carcinogenic
assessments. In this paper, groundwater samples were analyzed in order to determine health
risks associated with the Serbian Banat's groundwater contaminants. Indicators proposed by
U.S. Environmental Protection Agency [4] were used to determine non-carcinogenic risk
from eleven contaminants: nitrates (NO3"), iron (Fe), manganese (Mn), chromium (Cr), zinc
(Zn), copper (Cu), lead (Pb), cadmium (Cd), nickel (Ni), mercury (Hg), and arsenic (As),
whereas As and Cr were tested using carcinogenic health risk assessment. The total hazard
index (HI) was calculated to quantify non-carcinogenic risk, while incremental lifetime
cancer risk (ILCR) was determined to quantify carcinogenic risk.

Concerning non-carcinogenic risk, the HI values for toxic substances for both adults and
children were found to be in the order As>Fe>Mn, NO3>Cr>Pb>Zn, Hg>Ni, Cu, and Cd
(Figure 1a). The HI values for adults ranged between 0.07 and 102, with an average value
of 10.2, indicating that 66.7% of the samples had HI value greater than 1. Regarding
children, the HI values varied between 0.08 and 107, with a mean of 10.7. Thus, 69.4% of
the samples exceeded the allowable HI value of 1, indicating a high non-carcinogenic risk
for children. This suggests that consumption of this groundwater can potentially cause a non-
carcinogenic impact on human beings. With regard to carcinogenic risk, the ILCR values
for these two carcinogenic metals for both adults and children decreased in the order of
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As>Cr (Figure 1b). ILCR for adults ranged from 2.5x107 to 1.0x10"! with an average value
of 1.0x102. Unfortunately, 94.4% of the samples had ILCR greater than 1.0x10, indicating
high carcinogenic risk for adults. ILCR for children ranged between 1.8x107 and 7.9x1072,
with an average value of 7.6x107. So, 93.5% of the samples exceeded the ILCR threshold
(ILCR=1.0x10"*), suggesting a high carcinogenic risk for children. This indicates that
arsenic and chromium groundwater pose a high carcinogenic risk to the local population in
some parts of Banat.

mNO3 mfFe mMn uCr mZn mCu mPb mCd mHg ®WNi mAs BCr mAs

Figure 1. a) Contribution to hazard index for adults and children, b) Contribution to the
incremental lifetime cancer risk for adults and children

It is concluded that both adults and children were mostly exposed to arsenic, indicating that
arsenic was the major contaminant.
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Introduction

Sitting on the banks of the Danube River, Kovin is a municipality in Serbia located
approximately 50 kilometers east of the nation's capital, Belgrade. The Danube River passes
through Kovin for 46 kilometers, creating picturesque meanders, river islands, and
backwaters. Dunavac, a Danube armshown in Figure 1, is a800-meter-long natural sanctuary
for modest river crafts. This marina can accommodate 100 smaller nautical vehicles. The
usage of diesel engines by many boats in this marina may constitute a risk of petroleum
pollution in this small water body.

This research aimed to assess the biotoxicity of water from the Kovin Dunavac marina
to Aliivibrio fischeri.

Figure 1. Kovin Dunavac marina (Kovin, Serbia)

Materials and methods

An acute toxicity detection test utilizing the Gram-negative bioluminescent bacteria
Aliivibrio fischeri was used to evaluate the biotoxicity of the water samples from the Kovin
Dunavac marina, I, I», I3, 14, and Is. Measurements of toxicity were conducted following the
SRPS ISO 11348-3 standard, utilizing freeze-dried Aliivibrio fischeri bacteria. The
BioFix®Lumi luminescent bacteria used in the experiments were obtained from Macherey-
Nagel GmbH & Co., Diiren, Germany. By adding potassium hydroxide, the pH of the
samples was modified to 7.00+0.2. The marina water samples were diluted to 50, 25, 12.5,
and 6.25% of the initial concentrations of analyzed samples, I, I», I3, 4, and Is. The sodium
chloride was then dissolved in the following solutions to obtain a 2% NaCl concentration.
The luminous bacteria inoculum was prepared and added to each sample. Following 30
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minutes of incubation, the bacteria's luminescence was evaluated using a BioFix Lumi-10
toxicity analyzer.

Results

The biotoxicity test results of the water fromKovinDunavac marina, utilizing Gram-
negative bacteria Aliivibrio fischeri, are demonstrated in Figure 2.

mil w12 mI3 mi4 miI5
Dilution of suspension [%]

Ty

Inhibition [%]
[=1]
o

-100
-120
6.25 12.5 25 50 100
mil -51.374 -57.04 -78.03 -49.608 -53.69
12 -41.803 -49.741 -51.905 -70.301 -53.724
mi3 -78.798 -80.458 -79.71 -80.651 -68.268
ul4 -79.263 -78.379 -80.019 -84.436 -90.596
uis -46.359 -49.11 -50.394 -63.761 -62.003

Figure 2. Aliivibrio fischeri bacteria inhibition after 30 minutes of incubation in diluted
water samples fromKovin Dunavac marina

The experimental results indicated that water samples taken from Kovin, Dunavac
marina, didn't demonstrate any signs of acute toxicity.

Conclusion

To corroborate the results obtained, it is required to investigate if seasonal fluctuations
in physicochemical and organic characteristics of water from the investigated location affect
the development of the acute toxicity effect.
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The Balkans represents the region on the edge of an environmental crisis. Multiple
red alerts have risen in the last decade initiating a plethora of citizen and organizational
actions with the goal to preserve and rehabilitate rare, important and endangered species and
habitats. Many of such positive initiatives and actions were suppressed and or cancelled due
to inadequate strategy, undefined aims and/or insufficient understanding of the problem
itself. Environmental communication represents a practical discipline that enables
understanding of complex environmental issues and in that way strengthens the role of the
public in environmental governance in the light of the environmental crisis the Balkans is
facing. It is also a powerful tool to raise awareness, change behaviour, influence public
opinion, advocate for policies, address conflicts and pass legislation considering
environmental protection.

Five higher education institutions from the region - Institute of Communication
Studies (Macedonia), University of Zagreb (Croatia), University of Novi Sad (Serbia),
University of Sarajevo (Bosnia and Herzegovina) and the University of Tirana (Albania) are
implementing the international online program “Environmental communication” supported
by the ERASMUS+ Programme of the European Commission through the National Agency
for European Educational Programmes and Mobility of North Macedonia within the
framework of KA2-HED project Comm-On Environment: Mainstreaming Environmental
Communication through Online Learning and Virtual Mobility (Figure 1). The non-degree
online program includes five one-month courses: National geography in the warming
regions, Communicating in an age of ecological crises, Covering environmental topics and
attracting audiences, Social marketing and environmental advocacy campaigns and Public
participation and conflict resolution in environmental decisions followed by the online
hackathon and environmental communication camp.

The environmental communication program is designed to empower communication
skills of diverse groups of interested parties with different academic levels and backgrounds,
such as students, teachers, scientists, journalists, educators, Civil Society Organizations and
business representatives, but also the public officials.

The Program successfully started in January of 2023 with more than 180 participants
from 10 countries actively involved. Through the courses, participants will acquire both
theoretical knowledge and practical skills in the interdisciplinary field of environmental
communication. Participants are actively dealing with environmental problems by solving
the different tasks and working on case studies, led by professors who are experts in their

157


mailto:maja.novkovic@dbe.uns.ac.rs

ENVIROCHEM2023

respective fields. The curriculum covers a variety of disciplines tackling environmental
issues: environmental protection and management, environmental legislation, public
participation, conflict resolution, risk communication, journalism, social marketing and
advocacy. Therefore, the participants will have the opportunity to upgrade their skills and
improve career and research opportunities in various sectors of society — civil society, media
and creative industries, academia, government, and industry. The environmental
communication program also offers a series of free learning materials (Open Educational
Resources) in the form of quizzes and short video presentations on the selected topics at the
project website (https://communicating.green/) available to any interested individual. In that
way, the enrolled participants, but also the wide public auditorium has the opportunity to
acquire new knowledge directly from the experts dealing with different aspects of
environmental protection, management and advocacy.
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Figure 1. Logos of the institutions supporting and participating in the Comm-on
environment project
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YBoa

Toxkom mikosicke 2021/22. roqune Ha [IpupoaHo-mMateMaTndkoM ¢dakyntety y Hurry
pealM3oBaH je Tmpojekar ,,Pa3Boj HMHTErpUCAHOT XEMHjCKO-OHOJIOIIKOT TPUCTyIa
MOHUTOPHUHTY YTPOXKEHUX W 3amTHNEHUX BPCTa U MOAPYYja KPO3 MPOjeKTHO OaszupaHy
HACTaBy XeMuje u Ouosioruje”. Peannzanyja je u3BpieHa Kpo3 6 TNIaHUPaHUX aKTHBHOCTH,
a TOKOM pealii3alifje MmpojekTta HHOBUpPaH je npeaMeT OCHOBE XeMHje KUBOTHE CpPEIMHE
Kpo3 yBohelb¢ HOBHX HACTaBHHX Cajp)Kaja U NPUMEHY HOBHX HACTaBHUX METO/Aa U
cpencraBa. Takole, MOCTUTHYT je W pa3BOj IUTUTATHUX U TMPEIy3eTHUYKHX BEINTHHA
CTyAeHaTa Kpo3 yBoleme NMpojeKTHO Oa3upaHe HAcTaBe Kao W eAyKaluja CTylIeHara y
obnmacTh aHanm3e pe3yiTara XEMHjCKO-OHMOJIOIIKOT MOHHUTOpPHHTa Kopuiihemem
MPOrpaMcKor je3uka ,,R-programming” 3a mpuMeHy y OMOCTATUCTHIIM U MPOLIEHH 3Hauaja
MOBE3aHOCTH XEMHJCKUX M OHMOJIONIKMX TapaMmerapa. Peann3oBaHa je TepeHCKa HacTaBa
(Cnuka 1) Ha mompy4jy 3amtuheHor mpupoaHOT J00pa ,,JIannHayka claTHHA Kao W jaBHA
Mpe3eHTaluja, AUCKycHja W oa0paHa pe3ysiTaTa HCTpaXuBama, a Ha0aBJbeHA je H
WHCTaMpaHa JlabopaTopHjcKa oIpeMa 3a Mepeme (DHM3UIKO-XEMHUjCKUX I1apaMerapa
’KHBOTHE CpEIMHE.

Cnuka 1. Peanu3zanuja TepeHCcKe HacTaBe
Pesyaratu

EBanyaiiuja KBajguTeTa U cTereHa peanusanuje [Ipojekra je u3BplieHa aHKETHPAbEM
CTyJieHaTa Ha Kpajy 3UMcKor cemectpa 2021/22. YkynHO je ydecTBoBasio 22 CTyICHTA.
Amnkera je canpxana cineneha murama: 1. [Ia mu cMaTtpare 1a ¢y BaM YCIEIIHO IPE3CHTOBAHH
HAjBOKHUjU CIEMCHTH IHCama IPOJeKTHUX IMpUjaBa, UMIUICMEHTAIMje IPOjeKTa u
MPE3CHTOBakA MMPOjEKTHUX pe3yJiTarta y TOKy peanu3anuje Hactae npeamera?; 2. Jla mu
HAaKOH peajM30BaHE HACTaBe IpenMeTa 3HaTe fa JeUHUIIETe CHenu(pUYHE U OIIITE
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UJBEBE MPOJEKTa, Kao U Jla M3PaJANTE TUIaH MPOjEKTHOT HeTpaxuBama?; 3. Jla mu cmarpare
Jla CTe TOKOM HacTaBe Ha MPEIMEeTy YBHUICIH 3HAYaj HHTETPHCAHOT XEMH)CKO-OHOJIOMIKOT
MOHHUTOPHHTA XUBOTHE cpenune?; 4. Jla mu cre 3amoBosbHN MOTyhHOCTHMA KOje BaM HyIH
mporpam "R programming" y nepuHucamy Kopenanuje nuaMel)y Beher 6poja XeMHjCKHX U
OMOJIOIIKMX TapaMeTapa »HBOTHe cpenuue?; 5. Jla 7au cTe OBNagaad OCHOBHUM
SIIEMCHTHMA IPE3CHTOBAaka PE3yNTara CBOT MPOJeKTHOT HCTPaXKHWBamba Ha IPEIMETY,
IIPEeBacX0JHO y ()OPMHU HAay4IHOT IOCTEpa U YCMEHOT U3jarama u oxdpane?; 6. Jla mu cre
3a10BOJpHH KopulnhewmeM MeToje ,,Rubrics” koja je kopuinheHna y eBanyanuju uspaheHux
mocTepa W mpe3eHTanuje mnpojekara?; 7. [la 1m cmarpare Aa je OpraHM30oBaHA TEPEHCKa
HACTaBa Yy LWJbY (PU3MYKO-XEMHJCKOT M OHOJOLIKOT HCIUTHBaKka BOJAA WU 3€MJBUIITA
YCIIEIIHO OpraHnu30BaHa U peanus3oBana?; §. Jla i cMarpate Aa Cy MHCTPYMEHTH A00ujeHU
Yy TOKYy peayn3alidje MpojeKTa, KojuMa Cy BpIleHa Mepema Ha TepeHy, TypOouauMerap u
Mepad KOHIIETpaIlije KICEOHUKa, OWIN O KOPHCTH 32 CaBIIaIaBambe MEpPEHha OCHOBHUX
napaMerapa KBaluTeTa KuBOTHe cpenuHe?; 9. Kojom omeHoM OucTe OICHWIH HIE)y Jaa
HAcTaBy OBOT IIpeIMeTa 3ajelMHHYKH peann3yjy HacTaBHUIM [lemapTMaHa 3a XeMHjy U
Jemaptmana 3a 6uosorujy?; 10. Komuko cMarpare BaXHHM TeMe KOje CY BaM IMPe3eHTOBaHE
y TOKYy pealu3aldje HacTaBe OBOI IIpeIMeTa, a THYy ce¢ YTpaBibama IPOjeKTHMA,
cacraBJbama Bamie onorpaduje, nehpuHICAmHE YI0ra WIAHOBA UCTPAKUBAYKOT TUMA U CJ1.7;
1 - HajHeraTUBHU]jH, 5 - HAJIO3UTHBHUJU OATOBOP. Pe3ynTatu eBanyaluje peanusanuje cy
npukazanu y TabGemu 1.

Tabena 1. Pesyntatu u3BpiiieHe eBanyalyje peajin3aiyje HacTaBe

Huiware | 1(%) | 2(%) | 3(%) | 4(%) | 5(%)
1 0 0 0 5.3 94,7
2 0 0 0 52,6 474
3 0 0 0 26,3 73,7
4 0 53 42,1 21,1 31,6
5 0 0 0 10,5 89,5
6 0 0 10,5 26,3 63,2
7 0 0 0 15.8 73,7
8 0 0 0 10,5 89,5
9 0 0 0 26,3 73,7
10 0 0 0 21,1 78,9

3akibyuyak

Hacrapa Ha mpenmety OCHOBe XeMuje KHUBOTHE cpenuHe je Tokom 2021/22. rogune
MHOBHUpAHA yBOlEHEM MPOjEKTHOT UCTPAKMBAYKOT 33aTKa YMja Ce peanu3aliija orjieaana
y neduHHCAmY TMPOjEKTHOT pellierha, IUIaHA, METOAa M MaTepHjaia 3a pealu3anujy
MIPOjEKTHOT 3a/1aTKa, caMe peain3allije UCITUTHBAkA U TIPE3eHTAIIY]e TIPOjeKTHOT pelicHha.
CropoBe/icHa aHKETa je moKa3aja /1a Cy CTyICHTH OWJIM BeoMa 3aJ0BOJbHH OBAKBUM HAYUHOM
WHOBHpama HacTaBe, THMe mMTO je Ha 7 ox 10 nurama mux ume on 70% OaroBOpHIIO
HajBUIIIOM OIICHOM.

3axBaJTHHIIA - 3axBasbyjeMo ce MUHHICTApCTBY IIPOCBETE, HAayKe M TEXHONOIIKOT pa3Boja Pemy6mmke Cpbuje
KoOje je (PMHaHCHPAJIO OBaj MpOjeKaT y OKBHPY IPOrpaMcKe akTHBHOCTH ,,Pa3B0j BUCOKOT 00pa3oBama‘ TOKOM
2021. ronguHe.
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Efekat odabranih neuroaktivnih supstanci na signalne puteve serotonina i
dopamina u ¢elijama humanog neuroblastoma

Effect of selected neuroactive compounds on serotonin and dopamine
signaling pathways in human neuroblastoma cells
L Vulin!, D. Tenji', I. Teodorovié!, S. Kaisarevié!”
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ekologiju, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg Dositeja Obradoviéa 2,
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Neuroaktivne supstance (NS) predstavljaju grupu jedinjenja koja uticu na aktivnost
nervnog sistema ciljnih organizama putem razli¢itih primarnih mehanizama dejstva (engl.
Mode of Action, MoA). Zbog globalne upotrebe dospevaju u zivotnu sredinu i to narocito u
akvati¢ne ekosisteme u kojima su detektovane u koncentracijama u opsegu ng/L - pg/L.
Izlaganje neciljnih organizama ovim jedinjenjima dovodi do neZeljenih efekata, a to su
promene u ponasanju, lokomociji, ispoljavanje stresa i anksioznosti (prikazano u [1]). U
cilju rasvetljavanja molekularnih mehanizama toksicnog delovanja NS, ispitan je efekat
odabranih jedinjenja razliitog primarnog MoA na elemente signalnih puteva
neurotransmitera serotonina i dopamina.

Kao model supstance odabrani su lekovi sertralin i klozapin, stimulans kofein i
pesticidi fipronil i diazinon. Celije humanog neuroblastoma SH-SY5Y tretirane su model
supstancama u razliCitim koncentracijama, ukljucujuéi i ekotoksikoloski relevantne (10
ng/L, 10 pg/L i 1 mg/L ili 10 mg/L). Primenom analize genske ekspresije lanCanom
reakcijom polimeraze u realnom vremenu (RQ-PCR), analizirana je ekspresija gena koji
kodiraju subjedinice receptora za serotonin (H7R3A4, HTRIE) i dopamin (DRD2), kao i
enzime monoamin oksidazu A (MAOA) i B (MAOB) odgovorne za katabolizam ovih
neurotransmitera.

Sve model supstance stimulisale su ekspresiju DRD2, a narocito diazinon (od 2,2 do
3.4 puta u odnosu na kontrolu, u zavisnosti od koncentracije) i klozapin (2,3 puta pri 10
ug/L). Izuzev visih koncentracija diazinona, ispitane supstance dovele su do inhibicije
ekspresije HTR3A. Ovaj efekat je posebno ispoljio sertralin, koji je pri koncentraciji od 10
ng/L inhibisao ekspresiju HTR3A4 ¢ak 7,1 puta a pri 10 pg/L 5,9 puta, zatim kofein (3,2 puta
pri 10 ng/L) i klozapin (5,4 puta pri 10 mg/L). Za razliku od uniformnih odgovora gena koji
kodiraju subjedinice receptora, efekat na ekspresiju MAOA 1 MAOB varirao je u zavisnosti
od supstance i koncentracije. Diazinon je u koncentraciji 10 pg/L stimulisao ekspresiju
MAOA (2,4 puta) i MAOB (3,8 puta), dok je sertralin u koncentraciji 10 pg/L inhibisao
ekspresiju MAOB (3,3 puta).

Rezultati ukazuju na osetljivost elemenata signalnih puteva serotonina i dopamina na
izlaganje neuroaktivnim supstancama i potencijalne molekularne mehanizme njihovog
toksi¢nog delovanja. Kako ovi signalni putevi kontroliSu brojne procese u organizmu
(embriogeneza, lokomocija, reprodukcija, ponasanje) registrovani odgovori na nivou
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ekspresije gena mogu biti uzrok promena koje su potvrdene na viSim nivoima bioloSke
organizacije. Dobijeni rezultati predstavljaju i doprinos u ispitivanju potencijalnih
biomarkera efekta NS, koji za ovu grupu jedinjenja joS uvek nisu u potpunosti definisani.

Literatura
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The influence of polluting aromatic substances on biochemical processes in P.
aeruginosa san ai-multiomics approach

A. Medié¢"", I. Karadzié!
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Belgrade, Serbia;
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Numerous aromatic compounds are regarded as environmental pollutants that can
have harmful effects on both flora and fauna. This can lead to toxic compounds entering the
food chain and causing significant health issues and genetic damage to humans. Due to their
toxicity, mutagenicity, and carcinogenicity, the Environmental Protection Agency classifies
aromatic compounds as priority pollutants [1].

Pseudomonas aeruginosa san ai is a polyextremophilic, hydrocarbonoclastic
ecological isolate with the potential to degrade various xenobiotics due to its flexible carbon
metabolism and branched secondary metabolic pathways.

To investigate the carbon metabolism of P. aeruginosa san ai and the microorganism's
response to aromatic pollutants, comparative functional proteomics, targeted metabolomics,
and genomics analytical approaches were used. A functional proteomic study of selected
enzymes involved in the P-ketoadipate and Entner-Doudoroff pathways indicated a
metabolic reconfiguration brought about by aromatic compounds (sodium-benzoate, 2,6-di-
tert-butylphenol, fluorene) compared to glucose (Figure 1). The metabolome analysis
implied that both catechol and protocatechuate branches of the B-ketoadipate pathway
existed. Enzymatic study of benzoate grown cultures confirmed the activity of the
orthocatechol branch of the B-ketoadipate pathway [2-5].
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Figure 1. Degradation pathway map of catabolism of benzoate and glucose and its
connection with the tricarboxylic acid cycle in P. aeruginosa san ai.
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KA (B-ketoadipatepathway), TCA- tricarboxylic acid cycle, PYR- pyruvate, EDP- Entner-
Doudoroff pathway, EMPP- Embden-Meyerhof-Parnas pathway

Additionally, a good understanding of metabolic pathways in microorganisms can
lead to the development of new strategies for treating pollutants in agricultural and
environmental surroundings.

Analytical omics methods enable the study of early molecular responses of the
organism to sources of pollution and as such can be used to identify a specific metabolic
response to a toxic substance, detect new biomarkers and predict the effects of pollutants on
organisms and the environment.
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Portable Vis/NIR spectrometry as hotzone detector of plant poisoning
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Industry has created the need for a cost-effective and nondestructive quality-control
analysis system. This requirement has increased interest in near-infrared (NIR)
spectroscopy, leading to the development and marketing of handheld devices that enable
new applications that can be implemented in situ. Portable NIR spectrometers are powerful
instruments offering several advantages for nondestructive, online, in situ or even on-site
analysis: small size, low cost, robustness, simplicity of analysis, sample user interface,
portability, and ergonomic design [1].

Visible (VIS, 400-700 nm) and near infrared (NIR, 700—-1100 nm) spectroscopy is a
promising technique to measure plant leaf physiological and chemical properties rapidly and
non-destructively [2].

Main idea is to design chemical stress experiment to test hypothesis could we use
Portable Vis/NIR spectrometry as a detector of plant poisoning to support hotzone on-site
analysis. For that purpose, ribwort plantain (Plantago lanceolata) was selected as a
widespread cosmopolitan weed and meadow plant that can thrive on all types of soils with
a wide range of water requirements. High concentration commercial malathion (MT)
solution used as chemical treats. MT is chosen as an organophosphate insecticide and analog
of more poisonous VX siblings.

Chemical stress experiment is conducted as single plant treatment. Exfoliated
vermiculite was used as soilless substrate. Modified Hoagland 0.2% solution used for
irrigation. Portable spectrometer CID Spectra Vue Leaf Spectrometer 710S was use for all
leaf spectral measurements (Absorbance, Transparence and Reflectance spectra 330-
1100nm). Analyzing numerous absorbance spectra of healthy leaf, it is confirmed that
healthy leaves had similar spectra and it could be used as control spectra. Individual plant
was treated with concentrated commercial malathion suspension (60% malathion)
dissolving 1 g in 100 mL water. Spectral measurements were set to one spectral series
(Absorbance, Transmittance and Reflectance) every three hours for next six days.

It is visible in absorbance spectra that peak at ~670 nm decreased over time with
concentrate malathion commercial solution. To overcome slow data analysis in exported
excel files authors create standalone application for data visualization and analysis, address
is https://www.shanshoshiny.com/spectra_cia_int. Furthermore, sample data obtained
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during CIA p-LABs project could be used as training data set and it is available from
https://github.com/Shansh/CIA-p-LABs.

Chemometrics software SIMCA was used for further data profiling. PCA model with
first 3 principal component was created, follow by OPLS model formation (Figure 2.) Pareto
scaling was used (X — Spectral range; Y — time after MT C3 exposure), Model parameters
R2Y = 0.956 Q2 = 0.953 OPLS model was successively validated using Permutation test
and CV ANOVA. Critical lambda values observed for chemical (MT) stress test were: 540
nm, 655 nm, 675 nm, 734 nm, and 976 nm. The chemometrics data show significant spectral
changes in range of 72-74 hours from initial MT treatment.
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Figure 1. CID Spectra Vue Leaf Spectrometer ~ Figure 2. OPLS score plot of the preprocessed

7108 showing representative Absorbance, data showing time dependance, Pareto scaling
transparence and reﬂectz.mce spectra (330- was used (X — Spectralrange; Y — time after MT
1100 nm) recorded simultaneously. C3 exposure), Model parameters: R*Y = 0.956
Q?=0.953.

We demonstrate that portable Vis/NIR spectrometry in combination with multivariate
analysis could be used for detection of plant poising with potential usages as tool for hotzone
analysis.

References

1. Ge, Y., Atefi, A., Zhang, H., Miao, C., Ramamurthy, R. K., Sigmon, B., Yang, J.,
Schnable, J. C. Plant Methods 15 (66) (2019) 1-12.

2. Teixeira dos Santos A. C., Lopo, M., Pascoa, N. M. J. R., Lopes, A. J. Appl.
Spectrosc. 67, 1215-1233 (2013) 1215-1233.

Acknowledgements - Authors appreciate financial support from Plant Biomarker Challenge grant from
Organisation for the Prohibition of Chemical Weapons and (CIA p-LABs project H-151), Ministry of Science,
Technological Development and Innovation of Republic of Serbia Contract numbers: 451-03-47/2023-
01/200168, 451-03-47/2023-01/200026, 451-03-47/2023-01/200007 and Serbian Academy of Sciences and Arts
grant F-188.

166


https://github.com/Shansh/CIA-p-LABs

ENVIROCHEM2023 Poster prezentacije

Food waste as a nutrient source for the production of biopigment in
Streptomyces sp. BV365

M. Stevanovic'S, V. Jankovic®s, V. Filipovic!, T. Illic-Tomic!, S. Vojnovié"”*

(1) Institute of Molecular Genetics and Genetic Engineering, Vojvode Stepe 444a, Belgrade,
Serbia; "sandravojnovic@imgge.bg.ac.rs

$These authors contributed equally to this work

The genus Streptomyces has been studied for the vast secondary metabolite
production, biological activity of crude extracts, as well as colouring properties on textile
materials [1, 2]. Streptomyces sp. BV365 is a potent producer of yellow pigments, used to
efficiently colour different natural textiles [3]. Utilization of food waste for bacterial growth
and production of pigments and antifungals [4] could contribute to conversion of waste to
valuable molecules, providing more economically acceptable and more eco-friendly
generated biotherapeutics, enzymes and pigments.

The aim of this study was to examine the potential of several food waste sources as
components of growth media for yellow pigment production in Streptomyces sp. BV365.
Also, different growth parameters for pigment production, biological activity, and dyeing
properties of crude extracts on various materials were assessed.

Growth and production of biopigment in BV365 were tested in mannitol-soy flour
medium and several variations, where either one or both components of the medium were
substituted with food waste, including waste generated from cereals and seeds processing,
potato peel and washing, reduced sugars from lignocellulose etc. Whole cultures were
extracted with ethyl acetate, dried, and crude extracts were analysed using TLC and HPLC.
Additionally, biological activity of crude extracts was tested. The possibility of crude
extracts to colour different materials was also examined.

Preliminary results show that analysed waste streams can support the production of
biopigment in Streptomyces sp. BV365. This could serve as a promising low-cost and
greener pathway for the production of metabolites, potentially used as therapeutics or
alternative to conventional chemical dyes.
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Proces respiracije mikroorganizama u MFC sistemu tokom generisanja
energije iz recnog sedimenta

Respiration of microorganisms in the MFC system during the generation of
energy from river sediment
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Uvod

Globalna kriza izazvana nedostatkom energenata, sve vise trazi reSenja u obnovljivim
izvorima energije. Nedostatak fosilnih goriva, elektricne energije okre¢e industriju ka
alternativnim reSenjima. Upotreba SunCeve energije, energije dobijene radom vetra i vode
su samo neki od nacina koji mogu da doprinesu neophodnim promenama. Medu njima se
sve viSe javljuju i mikrobne gorivne ¢elije (Microbial Fuel Cells-MFC). Sam koncept rada
MFC obezbeduje vecu efikasnost sistema i elektri¢nu energiju bez emisije Stetnih gasova,
§to ima povoljan uticaj na zivotnu sredinu [1]. Princip rada MFC podrazumeva upotrebu dve
elektrode, organsku supstancu i mikroorganizme. Izvor organske komponente moze biti
razlicit, a sve viSe se pristupa upotrebi otpadnih organskih sirovina, kako bi se na taj nacin
reSio i problem zagadenja i generisala elektricna energija. Stvaranje energije nastaje
ekstrakcijom i transferom elektrona sa anodne na katodnu elektrodu, koji se oslobadaju
prilikom redukcije dostupne organske supstance uz pomoc¢ mikroorganizama [1,2].

Aktivnost mikroorganizama je direktno povezana sa njihovim disanjem. U prisustvu
velikih koli¢ina biodostupne organske supstance, brzina disanja mikroorganizama je veca.
Prac¢enje disanja je postalo bitan parametar u raznim procesima biodegradacije otpadne
supstance. Stoga, cilj ovog rada obuhvata pracenje ¢elijskog disanja pomoc¢u Micro-Oxymax
respirometra, kako bi se dobio bolji uvid u prisustvo dostupne organske supstance u
upotrebljenom re¢nom sedimentu za generisanje elektricne energije pomoé¢u MFC [3].

Materijal i metode

Za potrebe eksperimenta kori§éen je sediment prikupljen sa usc¢a reke Save u Dunav,
od koga je 300 g iskoris¢eno za formiranje MFC sistema, a drugi deo, 10 g je upotrebljeno
za pracenje Celijskog disanja na respirometru. MFC sistem je formiran u jednoj komori, gde
se izmedu anodne i katodne elektrode nasao re¢ni sediment. Merenja napona otvorenog kola
su detektovana na PeakTech 2025 multimetru (PeakTech, Nemacka). Produkti respiracije,
praceni su sa 12-kanalnim Micro-Oxymax respirometrom (Columbus Instruments, USA) sa
O, paramagnetnim senzorom i CO; infracrvenim senzorom. OCitavanja rezultata su
prikupljana na 12 h.
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Rezultati i diskusija

Tokom deset dana, koliko su mereni naponi na poznatim vrednostima otpornika,
preko Omovog zakona (I=U/R) izracunata je koli¢ina generisane struje MFC sistema.
Tokom svih merenja, najveca vrednost generisanog napona je zabelezena 8 dana i iznosi
341,1 mV, dok je vrednost struje iznosila oko 35 mA/m?. Paralelno sa merenjima napona
MFC, pracena je potroSnja kiseonika i proizvodnja ugljen-dioksida sedimenta na
respirometru. Sa grafika prikazanih na slici 1. 1 2. vidi se da potro$nja kiseonika, odnosno
produkcija ugljen-dioksida u poredenju sa kontrolom (sterilnim sedimentom) raste po
danima, Sto odgovara aktivnosti MFC ¢elije.

Slika 2. Potrosnja kiseonika Slika 3. Produkcija ugljen-dioksida

—— Eantraln Uzniak sedimenta sn SAE bakterjama Kant: Uznrak sedimenta sa SR8 bakterijama
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Zakljucak

Akumulacija ugljen-dioksida raste sa vremenom, S$to znacCi da su mikroorganizmi
uspesno koristili organsku supstancu prisutnu u sedimentu. Treba naglasiti da se u nivou
anode odvijaju procesi anaerobne resiracije tokom kojih se deo elektrona prebacije na
elektrodu a vodonik oslobada i putuje do katode. Kao posledica tih procesa doslo je do
proizvodnje elektri¢ne energije, pri cemu se kiseonik na katodi redukovao do vode i ujedno
trosio, Sto je 1 pokazano na krivama potro$nje kiseonika i produkcije ugljen-dioksida.
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Food waste utilization in the production of pyocyanin, a valuable bacterial
biopigment
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Industrialization, as well as improper waste management, has led to the accumulation
of a large amount of kitchen and food waste, making it omnipresent in every corner of the
world [1]. This waste stream is considered to be a significant portion of the total
biodegradable waste and a major contributor to greenhouse gases induced pollution [2].
According to the Food and Agriculture Organization official data, an astonishing 1.3 billion
tons of food is wasted annually, emphasizing the need to establish multiple biorefining
strategies in order to minimize waste pollution, whilst producing different valuable products
in a sustainable process [3].

Pyocyanin (PYO, Figure 1A) is classified as a phenazine derivative and is produced
extracellularly by various species of Pseudomonas aeruginosa [3]. This biopigmenthas
valuable proprieties, including antibacterial, antifungal, and anticancer activities that could
impart health benefits and offer their potential use in the field of medicine and pharmacy, as
well as bio-controlling agents [4]. On the other hand, this is a redox active compound and
can thus be used as an electron shuttle in microbial fuel cells [5]. PYO has also been reported
as a colorimetric redox indicator and luminescence pH sensor [6]. However, the application
of this remarkable compound is still limited due to its high commercial value (up to 27.800€
for one gram of PYO), which is arguably a consequence of the complex production steps
and purification procedures. Therefore, we have identified PYO as a compound in need of
an improved sustainable biorefining process.

(A) o (B |

Figure 1. (A) The structure of pyocyanin; (B) Plated P. aeruginosa BK25H.

In this work, we aimed to establish a fermentative process which utilizes mixed
canteen waste as a nutrient source to obtain biopigment PYO. Based on the growth and
pyocyanin production on standard microbiological LB agar, P. aeruginosa BK25H strain
(Figure 1B) was selected from our in-house collection of wild type Pseudomonas isolates.
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The optimization of the cultivation medium was done by partially or fully replacing the
commercial components of the LB medium with mixed canteen waste that contained a
variety of cooked foods [7]. This approach afforded 50.3 mg/l PYO, which is a promising
result and a steppingstone for further optimization of factors that influence the bioprocess of
fermentative PYO production using food waste.
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Zavisnost efikasnosti razgradnje karbamatnog pesticida metomila od pocetne
pH vrednosti rastvora pri direktnoj elektrohemijskoj oksidaciji
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Porast populacije na planeti izaziva poveéanje potrebe za pijacom vodom i hranom.
Stoga su zastita vodnih resursa i poljoprivrednih dobara postale prioritet u savremenom
drustvu. Savremeni trendovi teZe efikasnoj zastiti bilja i poveéanju prinosa uz §to manju
Stetu po zivot ljudi i ekosistema. Zbog Sirokog spektra Stetnih efekata pesticida, ukljucujuci
toksi¢ne, mutagene i kancerogene efekte, pokrenut je niz istraZivanja u cilju pronalaska
efikasnih metoda za uklanjanje pesticida iz vode i zemljista [1]. Takode, unos vode
kontaminirane pesticidima i njihovim reziduama moze poveéati oksidativni stres i izazvati
ostecenje Celija 1 stvaranje toksi¢nih metabolita [2]. Upotreba velikih koli¢ina pesticida za
zaStitu poljoprivrednih proizvoda moZze kontaminirati podzemne voda koje mogu negativno
uticati na kvalitet vode koji se ogleda kroz povecanje ukupnog organskog ugljenika i
hemijske potrebe za kiseonikom [3]. Pesticidi mogu inhibirati bioloske procese u
konvencionalnim postrojenjima za tretman otpadnih voda. U cilju otklanjanja nedostataka
konvencionalnih metoda, elektrohemijska oksidacija predstavlja obecavajuci postupak za
uklanjanje organskih zagadujuc¢ih materija otpornih na bioloski tretman. Kljuéni razlozi za
razmatranje ove metode jesu visoka efikasnost u otklanjanju bionerazgradivih jedinjenja,
neskodljivost po Zivotnu sredinu i velika energetska efikasnost [4]. Ova metoda predstavlja
transformaciju organskih zagaduju¢ih materija u biorazgradivi proizvod ili potpunu
razgradnju do CO, [4]. Direktna elektrohemijska oksidacija (DEO) predstavlja direktnu
razmenu elektrona izmedu organskog jedinjenja i aktivne povrSine anode, $to dovodi do
oksidacije organskih zagadujuc¢ih materija prisutnih u vodi.

Primarni cilj istraZivanja prikazanih u ovom radu jeste odredivanje zavisnosti
kineti¢kih parametara i efikasnosti DEO od pocetnog pH rastvora, kori§¢enjem aktivne IrOx
anode. Promena koncentracije metomila tokom vremena pracena je pomocu ultraljubicaste
vidljive (UV-Vis) spektroskopije. Ispitivanje je vrieno na sobnoj temperaturi (~21 °C) u
reaktoru zapremine 200 cm?®. PoCetni uslovi tokom ispitivanja bili su: Cyazs04= 0,25 moldm™
3, Coetomir= 50 pumoldm, I= 500 mA. Ploc¢ica povrsine 10 cm?izradena od austenitnog ¢elika
tipa 18Cr/8Ni serije 304 koriS¢ena je kao katoda. Elektrode od IrOx i nerdajuceg Celika su
uronjene u elektrolit sa razmakom od 3 mm. Ispitivanje efikasnosti razgradnje vrSeno je u
neutralnom rastvoru pesticida (pH 7), u kiseloj (pH 3) i baznoj (pH 11) sredini. Podesavanje
pH vrednosti izvrSeno je dodavanjem 0,1 moldm™ H,SO4 za pH 3 i rastvorom NaOH iste
koncentracije za pH 11. Efikasnost procesa se moze izraCunati pomocu sledece jednacine:
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Slika 1. (a) Promena relativne koncentracije pesticide tokom DEO za sisteme sa razli¢itim
pH vrednostima i zavisnost brzine reakcije od pocetne pH vrednosti; (b) Kinetika
razgradnje pesticide direktnom elektrohemijskom oksidacijom.

Prema rezultatima prikazanim na slici 1, razgradnja metomila direktnom
elektrohemijskom oksidacijom koriS¢enjem IrOx anode efikasnija je u kiseloj sredini. Pri pH
3, nakon 120 minuta, koncentracija metomila je smanjena za 70 %, a brzina reakcije iznosila
je k=0,0077 min™'. Pri vis§im pH vrednostima efikasnost DEO opada. U neutralnoj sredini
(pH 7) efikasnost je iznosila 52 % (k = 0,0064 min™'), dok je u baznoj sredini (pH 11)
efikasnost iznosila 26 % (k = 0,0025 min™'). Isti trend uoCen je i prilikom ispitivanja
efikasnosti uklanjanja antrahinonske boje Acid Blue 111 direktnom elektrohemijskom
oksidacijom [5].
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Environmental pollution is a reality of modern human society, so in many countries
around the world, constant efforts are being made to reduce the negative impact of this
phenomenon on the health and quality of life of the human population, as well as the
environment [1]. It has been proven that exposure of the organism to pesticides and their
decomposition products can have carcinogenic and mutagenic effects, and the toxicity of
pesticides certainly causes cell damage and the creation of metabolites harmful to the
organism [2].

According to the broad spectra of the possibility of environmental and human
contamination by pesticides from water and soil worldwide, extensive research and
development of safe technologies for its effective removal was initiated. Adsorption is one
of the most commonly used and most suitable considered methods as a simple, efficient, and
highly effective method for pesticide removal from aqueous solutions [3]. The application
of modern technologies in the production of materials in the field of water purification has
enabled the development of various modified and functionalized high-capacity adsorbents,
which should be thermostable, highly porous, with a good balance between micropores and
macropores, and with the possibility of multiple applications, minimal environmental impact
and financially viable in terms of exploitation [4]. Zeolites are crystalline
microporousalumosilicate minerals that are framework silicates built by SiO4 and AlO4
tetrahedrons. Beta zeolite can be defined as a zeolite with high silicon content and a three-
dimensional structure built by perpendicular 12-ring channel systems characteristic of the
three polymorphs [5]. Modifying zeolite structure is essential to improve the characteristics
of zeolite in some industrial processes. Modification of zeolite by metal is possible using
isomorphic substitution and metal impregnation [6]. In this study, the influence of solution
pH value on methomyl adsorption onto Co-Beta zeolite synthetized by the wet ion-exchange
method and sintered at 500 °C was investigate.

The carbamate pesticide methomyl was obtained from DuPont (USA). The zeolite
material used for modification was H-Beta zeolite (CP811E-150, Si/Al=68) purchased from
Zeolyst International (USA). CoCl, x 6 H>O and HCI1 were obtained by Centrohem (Serbia).
The adjustment of an aqueous solution pH value was done by the addition of sulfuric acid
and ammonium hydroxide (30% w/w) (Fisher Scientific (USA)). The Arium® Pro Ultrapure
Water System (Sartorius, Germany) provided deionized water (18 MQ). Mettler Toledo pH
Meter Seven Compact S220 (Switzerland) was used for the pH measurements. A UV/Vis
Shimadzu 3600 spectrophotometer (Japan) was used for investigation of kinetics of removal.
All adsorption experiments were carried out in a thermostatic water bath using glass reactor
with the volume of 100 mL at 25 °C.
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The influence of pH value on the system is manifested through surface tension,
surface properties, degree of ionization of groups present on the surface of the adsorbent,
and the speciation of ions in an aqueous solution at a specific pH value.The effect of pH on
methomyl removal is presented in Figure 1. As mentioned above, methomyl retention
depends on the nature of the pesticide and adsorbent. The examined pesticide efficiently
hydrolyzes in basic solution (pH > 8), which negatively affects adsorption. The adsorption
onto the zeolite surface of unhydrolyzed methomyl molecules is quicker due to its higher
hydrophobicity than the hydrolyzed molecule. Also, in an acidic and basic aqueous
environment, this pesticide efficiently hydrolyzes to more toxic metabolites, which is
another reason why sorption experiments are performed at pH 7 [7]. The pesticide molecule
could be more positively charged at a neutral state, with a cationic character, which can also
explain this more significant adsorption. In an acidic solution, H;O" ions attract surface
oxygenated adsorbent groups, which could lead to the formation of a bond between H30"

and adsorbent [8]. o
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Figure 1. Influence of the initial solution pH value on methomyl removal: (Cyemnomy =
81.105mg L', m/V=1000mg L, T= 25°C).
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More than 90 % of lead produced in Europe comes from secondary lead flows, of
which 85 % is attributed to waste lead-acid batteries (LAB). The main technological
approach for LAB processing implies pyrometallurgy by which 100—400 kg of waste slag
(WS) is generated per 1 ton of produced metallic lead. Due to recycling process parameters,
generated WS has great potential for releasing toxic elements contributing to environmental
pollution [1]. Namely, the most common flux in the recycling process is sodium-based
(Na,COs3) when alkali lead waste slag (ALWS) is generated, characterized as hazardous due
to its physical-chemical characteristics: high leachability, hygroscopic and pulverized
nature and, ultimately, instability [2,3]. Therefore, ALWS treatment prior to disposal should
be considered an integral part of waste LAB treatment systems. Immobilization of toxic
elements contained in slag is crucial and can be achieved by stabilization/solidification
processes (S/S) as one of the most widely used technologies in the treatment of heavy metal-
containing wastes for final disposal or utilization.

In this research, ALWS generated in the waste LAB recycling is used to determine
the S/S process efficiency as a function of the added binder amount (cement, in the range of
5 —10 %), pre-treatment (the removal of water-soluble compounds), and activator addition
(MgO). The liquid to solid (L/S) ratio was 1/4 in all S/S experiments. The basic parameters
for the effectiveness assessments were compressive strength (UCS) and pollutants leaching
(Method 1311 Toxicity characteristic leaching procedure, TCLP).

ALWS containing 3.5 Pb, 15.5 Na, 14.0 S, and 24.7 Fe was mixed with cement and
water. The results of UCS showed that all produced solidificates exceeded the required value
of 0.35 MPa [4], yet the mixture containing 7.5 % of the cement has the best mechanical
properties (2.1 MPa). This sample was further analyzed and the TCLP results showed that
the Pb concentration exceeds the limit values for stabilized slag (10.4 and 5 ppm,
respectively). In the next set, ALWS was pre-treated by continuous rinser (30 °C, 60 min,
L/S 4). Obtained results of UCS (0.4 MPa) and TCLP (53.4 ppm) were unfavorable. The
last set, besides the binder, included activator addition (MgO, 7.5 %) altogether with a high
content of untreated ALWS (85 %). Analysis of the produced solidificates showed favorable
and acceptable results (USC - 3.3 MPa, TCLP — Pb 4.5 ppm). A comparative analysis of
USC and TCLP for all produced ALWS solidificates is presented in Figure 1.
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Fig. 1. Compressive strength (a) and lead concentration (b) of the solidificates

Generally, in an alkaline slag-leaching solution lead precipitates as a complex mixture
(PbO, Pb(OH),, PbOxPb(OH),). Lead oxides are amphoteric and dissolve in an alkaline
aqueous solution, leading to poor solidification. Also, lead present in surface coatings
around cement grains prevents cement hydration. Simultaneously, the migration of lead to
the surrounding water is promoted. The negative effect of the pre-treatment is a consequence
of the sulfate ions absence, as well as the absence of the ettringite
(CasAl2(SO4)3(OH)12x26H,0) and sulfate- AFm phases [5], which negatively affect the
strength of the product. The addition of MgO benefits the S/S process through hydrotalcite-
like phase formation ([M-*"M+(OH)2][Axn"-*mH>0], M**=Mg, Zn, Ni, Fe; M*'=Al, Cr,
Fe; A=CO;*,NOs", CI'), a compound capable of metal adsorption, hence immobilization [6].

The conclusion is that, contrary to the pre-treatment process, the addition of MgO has
an overall positive effect on the S/S process of ALSW, ensuring both mechanical and
chemical stability. This ALWS solidificate, obtained through the S/S process by using MgO
as an activator, is safe for disposal, according to environmental regulations.
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During the conventional roast-leach—electrolysis (RLE) zinc production process,
precipitation of the jarosite-type compounds is widely used to remove iron and other metal
impurities from the solution. Above mentioned compounds, with the general formula
MFe3(S04)2(OH)s, (M™=NH4, Na, K, Ag, etc.), in addition to iron, contain a high
concentration of Pb, Cd, Cr, As, Zn, In, Ga, Ge as metal oxides and/or sulfates [1].
Consequently, jarosite is considered hazardous yet valuable waste [2]. In addition, every
year around 6-7 million tonnes of jarosite waste is generated globally [3]. Due to large waste
volumes and its chemical characteristics, jarosite requires a lot of storage space and
monitoring. Unfortunately, this type of waste is often landfilled causing serious
environmental problems and irreversible metal and value losses. Hence, an urgent solution
for both managing and utilization/recycling is required, to face needs regarding ecological
demands and circular economy goals.

In this paper, jarosite sludge, as a specific type of hazardous industrial waste, is used
to investigate transformation to the targeted compounds through the comprehensive
thermodynamic analysis and experimental roasting process tests. The roasting was
conducted to transform iron into insoluble hematite (Fe203), valuable metals (Zn, Cu, and
In) into water-soluble sulfates, and to keep Pb in the form of water-insoluble anglesite
(PbS04). The solid residue obtained after roasting was used in leaching tests to further
evaluate the efficiency of the targeted phase transformations.

Theoretical considerations of chemical reactions and phase thermodynamics were
performed using the HSC Chemistry v.9.2.3 software [4] to define potential chemical
reactions, examine the feasibility of the target transformations, and set the limiting reaction
parameters. Further, in the first part of the experimental work, the influence of the roasting
process and reaction parameters on the transformation of jarosite sludge phases into target
compounds was investigated. This included variations in the reaction time, temperature, and
furnace atmosphere influence. The leaching conditions were kept constant (temperature of
25 °C, during 60 min, and solid to liquid ratio of 1/5) to determine the efficiency of phase
transformations in the samples obtained by roasting. Changes in the chemical and
mineralogical composition and microstructure were analyzed using different analytical
methods, including XRD and SEM analysis.

According to the obtained results of the roasting process, it was determined that the
phase transformation of jarosite sludge compounds into targeted insoluble hematite and
water-soluble sulfates occurs at 730 °C, the time required is 60 min in the air (oxidizing)
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atmosphere of 1-2 [dm*/h]/kg of the input material, which is in accordance with the results
of the theoretical indications. Also, it is experimentally confirmed that the introduction of
sulfate into the roasting atmosphere leads to the incomplete transformation of jarosite and
the formation of the unwanted Fe2(SOs)s. Leaching results of the sample obtained by the
abovementioned optimal roasting conditions show that only 4.5 % of Fe is leached while
the rest remains as solid targeted hematite. Also, more than 75 % of In and more
than 90 % of other targeted metals (Cu and Zn) are leached, indicating the high efficiency
of the roasting process. Phase transformation was confirmed by SEM analysis, showing that
hexagonal crystals of jarosite, dominating in the starting material, were completely replaced
with the globular microstructure of Fe20s3, in the roasted samples. SEM analysis of the
leaching residue also confirmed the absence of the water-soluble sulfates and the presence
of the anglesite as water-insoluble sulfate. The phase composition of the samples is
confirmed by XRD analysis.

This research shows that the proposed process enables the recycling of jarosite through
metal transformation and further utilization. The obtained products can be used in industry,
while the metal ions can be selectively separated from the sulfate solution and returned to the
production streams. This approach contributes to the utilization of jarosite, as hazardous
waste, in order to obtain valuable metals, and generally reduces the negative environmental
impact by decreasing the amount of disposed waste and reducing the need for primary
exploitation.
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Worldwide consumption of pesticide active ingredients reaches 2.7 million tons per
year [1]. After being released into the environment significant portion of applied pesticides
ends up in surface water bodies affecting nontarget organisms. Due to high environmental
pollution, improvement in technological practices for water treatment has been a demand,
and advanced oxidation processes stand out as a prominent method. In this study,
photocatalytic degradation of a fungicide difenoconazole was investigated and residual
toxicity was assessed using zebrafish embryos (Danio rerio).

Difenoconazole has been subjected to photocatalytic degradation in presence of the
TiO; Degussa P-25 catalyst and artificial illumination (Osram Ultra Vitalux 300 W).
Influence of different anions (carbonate, sulphate and nitrate), concentration of pesticide and
mass of catalyst, on degradation process has been assessed. Decrease in absorbance
(Shimadzu 1800 UV spectrophotometer) served as an indicator of the pesticide
concentration in the reaction system. The environmental acceptability of the specified
degradation process was assessed for optimal circumstances of total photodegradation.
Residual toxicity of degradation product was assessed on the basis of toxicity comparison
of initial, partly and completely degraded samples, according to OECD 210 [2].
Embryotoxicity assays were performed in triplicate and were terminated 120 hours post
fertilization (hpf).

According to the results of assays engaged in assessment of the influence of the ions
on photocatalytic processes, it was found that all ions have comparable catalytic effects on
the kinetics of the difenoconazole degradation process. The presence of sulphates and
carbonates had the greatest catalytic effect, while the nitrate ions showed the lowest catalytic
capacity (Fig. 1). The most suitable conditions for photodegradation were obtained by using
0.2 g/l of TiO, and 5 mg/l of difenoconazole solution at atmospheric conditions. The
embryotoxicity assays followed the analytical examination. Comparison of results obtained
in embryotoxicity assays of the initial solution, partly and completely degraded samples
confirmed suitability of applied degradation method. Significant decrease in toxicity,
compared to the initial solution, was registered in both degraded samples. Based on
cumulative mortality (120 hpf), medium lethal concentration (LCso) of difenoconazole is 1.4
mg/l, while the same parameter could not be determined in partly and completely degraded
samples, due to the lack of mortality (Fig. 2).
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Figure 2. Regression curves of embryotoxicity for initial difenoconazole solution
and partly and completely degraded samples

According to the obtained results it can be concluded that engaged photocatalytic
degradation process is suitable for pesticide contamination water management.
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Bisphenol A (BPA) is an organic compound that is widely used in the plastics industry
and it is considered to be major environmental pollutant. Research has shown that bisphenol
A acts as an endocrine disruptor in living organisms, and interferes with normal functioning
of the endocrine system by binding to estrogen receptors [1]. Numerous methods have been
developed for decontamination of BPA from wastewaters, including biodegradation,
adsorption and advanced oxidation processes (AOPs) [2,3]. AOPs are a common name for
group of decontaminationmethods that via reactive oxygen species (ROS), such as hydroxyl
radicals (*OH), which can degrade or fully mineralize organic pollutants. Electrochemical
oxidation, UV radiation, Fenton process and ozone-based processes are the main
representatives of AOPs [4,5,6]. Fenton process could be a good option to treat and eliminate
BPA from the environment. During Fenton process, hydroxyl radicals are produced in
reaction between hydrogen peroxide (H.0,) and Fe?" in solution, and they can further
degrade pollutants, such as BPA. Beside concentration of BPA in solution, the main
parameters affecting the degradation efficiency of Fenton process are pH, temperature and
the Fe:H,O, ratio [7,8]. Finally, the ultimate aim is the mineralization of pollutants by
oxidizing agents to carbon dioxide and water, or their transformation into non-toxic
products.

The aim of this study was to investigate the efficiency of BPA degradation in sulphate-
rich wastewater, as a function of different concentrations of Fenton’s reagent. Three selected
concentrations of Fenton's reagent for BPA degradation contained H>Oand FeSOs in mass
ratios of 1:5 1:10 and 1:20, respectively, while the efficiency of degradation was determined
bygas mass spectrometry. Based on the obtained results, it can be concluded that the most
optimal mass ratio of the Fenton's reagent (Fe*/H,0,) for BPA degradation was 1:5. Inthe
first hour of BPA degradation by the Fenton process, the efficiency was about 82 %, while
it reached 100 % after the third hour. The results maybe useful for the optimization and
development of green environmental technologies for decontamination of wastewater
contaminated with BPA.
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Photocatalytic wastewater treatment with semiconductor-based photocatalysts, is a
promising, environmental-friendly approach in solving theoccurring problem of water
pollution [1]. When compared to other conventional treatments, the benefit of
photocatalysis, as advanced oxidation process, is the ability to decomposevarious organic
and inorganic pollutants using abundant solar radiation under mild process conditions,
contributing to energy conservation [2]. Combining photocatalytic active materials with
porous pavements, that gained popularity as a sustainable and innovative infrastructure
design for managing pluvial floods [3], could enhance the treatment efficiency of pluvial
rainwater, reducing the risk of pollution and protecting natural water sources. The possibility
to induce different functional properties during the synthesis of mixed metal oxides is the
reason for extensive research of these materials as photocatalysts. Taking in consideration
that ZnO is widely used as photocatalyst [4], zinc based mixed oxides containing aluminum
and iron were synthesized to achieve different heterojunctions and possible synergic effect.
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Figure 1. (a) Methylene Blue removal efficiency and (b) XRD diffraction peaks of ZnFe
500 and ZnAl 500

Photocatalysts were synthesized via low supersaturation coprecipitation method, with
70 mol % metal content of Zn and 30 mol % of Al or Fe. The precipitates were dried at 100
°C and thermally treated at S00°C in air (denoted as ZnFe 500 and ZnAl 500). Structural
and textural analyses, as well as test reaction of Methylene blue (MB) photodegradation,
were performed. Both photocatalysts had significant MB photodegradation efficiency
(Figure 1a). The complete degradation was achieved with ZnAl 500 photocatalyst, whereas
ZnFe 500 degraded around 75 % of MB. XRD analysis (Figure 1b) showed that wurziteZnO

185



ENVIROCHEM2023

was the dominant phase in both photocatalysts. The presence of additional, photocatalytic
active phases was detected in both samples, Zn(Al)O mixed oxide phase in ZnAl 500 and
highly crystalline ZnFe,O4 spinel phase in ZnFe 500. Textural analysis (Figure 2) showed
the photocatalyst ZnAl 500 has more developed surface area (85.35 m?g™!) than ZnFe 500
(27.45 m*g"), as well as larger amount of smaller mesopores.
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Figure 2. (a) Adsorption/desorption isotherms and (b) pore size distribution of ZnFe 500
and ZnAl 500 photocatalysts

The explanation for better photocatalytic efficiency of ZnAl 500 photocatalyst could
be attributed to the presence of low crystalline mixed oxide phases with more defects in
crystal structure, as well as more developed surface area that enables better accessibility of
active sites to pollutants. These findings make these materials interesting for potential use
in wastewater treatment giving also valuable insight for the preparation of porous pavements
for pluvial rainwater treatment with photocatalytic properties.
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Ponasanje 3-(4-metilbenziliden) kamfora tokom UV/H20: unapredene
oksidacije i adsorpcije na smesi tekstilnih vlakana
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Kozmeticki proizvodi za zastitu od sunca koriste se vise od 80 godina, a njihove bitne
komponente su UV filteri. UV filteri dospevaju u vodenu sredinu ili direktno spiranjem sa
koze tokom plivanja i kupanja, ili indirektno iz postrojenja za preciS¢avanje otpadnih voda.
Proteklih godina brojne studije ukazuju na stabilnost UV filtera, bioakumulativnost, kao i
na njihove toksicne efekte na akvaticne organizme [1]. 3-(4-metilbenziliden) kamfor (4-
MBC) je jedno od najSire primenjivanih jedinjenja iz grupe UV filtera, predstavlja vaznu
aktivnu komponentu kozmetickih sredstava kojima se dodaje u cilju zastite od negativnog
suncevog zracenja [2]. Pored 4-MBC, u komunalnim otpadnim vodama se nalaze i brojne
druge supstance, koje se primenjuju u svakodnevnom zivotu ljudi. U poslednjih nekoliko
godina, prisustvo tekstilnih mikrovlakana u otpadnim vodama izaziva znacajnu paznju
naucne i strucne javnosti, jer su sintetiCka vlakna postala jedan od najéesSce koriS¢enih
materijala u proizvodnji odece, zajedno sa prirodnim vlaknama. U proizvodnji tekstilnih
vlakana veliku primenu imaju poliester i najlon, ali se Cesto koriste i poliamid,
poliakrilonitril itd. Tokom pranja tekstila u domacinstvima i komercijalnim delatnostima,
kao i nakon industrijskih procesa, u otpadne vode dospeva velika koli¢ina sintetickih
tekstilnih vlakana, koje se mogu svrstati u mikroplastiku. Brojne studije ukazuju na to da
prisustvo polimernih ¢estica mikroplastike u vodi moze zna¢ajno uticati na ponasanje drugih
organskih i neorganskih zagaduju¢ih materija, pre svega kroz adsorpciju, ali i uticaj na
efikasnost primenjenih tretmana [3]. Do sada, medutim, iako su u interakciji sa pojedina¢nim
vrstama polimera ispitana brojna jedinjenja, nema podataka o ponasanju 4-MBC u prisustvu
sintetickih mikrovlakana u vodi. Takode, s obzirom da sinteticka vlakna najcesc¢e dospevaju
u vodu u smesi sa prirodnim tekstilnim vlaknima, jedan od ciljeva ovog rada je bio da se
ispita stepen adsorpcije 4-MBC na smesi tekstilnih vlakana. Konvencionalni fizicko-
hemijski procesi Cesto nisu dovoljno efikasni za uklanjanje UV filtera iz vode. Razvoj
hemijskog tretmana voda i$ao je u pravcu primene dodatnih procesa, kao Sto su unapredeni
oksidacioni procesi (eng. advanced oxidation processes, AOPs), koji su se pokazali kao
efikasniji za uklanjanje mikropolutanata iz vode [4]. Zbog toga je drugi cilj ovog rada bio
ispitivanje efikasnosti uklanjanja 4-MBC iz vode primenom UV/H»O, unapredene
oksidacije.

Rezultati ispitivanja efikasnosti primene AOPs su prikazani na slici 1. Primenom
direktne UV fotolize, kao kontrolnog procesa, postignuta je razgradnja 4-MBC oko 43 %
nakon 10 min. tretmana. Znatno efikasnija oksidativna razgradnja 4-MBC
(oko 97 %) uocena tokom UV/H,0» procesa, pri koncentraciji H>O, od 0,03 mM i nakon 1
min. tretmana, usled generisanja visoko reaktivnih hidroksil radikala, koji nastaju
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fotolitickim razlaganjem H»O,. Rezultati ispitivanja kinetike adsorpcije 4-MBC na smesi
tekstilnih vlakana su prikazani na slici 2. Na osnovu prikazanih rezultata moze se uociti da
do uspostavljanja adsorpciono-desorpcione ravnoteze dolazi nakon 48 h. Adsorpcioni
afinitet 4-MBC na smeSi tekstilnih vlakana u stanju ravnoteze je oko
12 pg/g. Dobijeni adsorpcioni afinitet 4-MBC na smesi tekstilnih vlakana ukazuje na to da
¢e se ispitivani organski polutant slabo adsorbovati na ovaj materijal, pri ¢emu ¢e znacajno
manje uticati na njegov transport u zivotnoj sredini.
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Slika 1. Degradacija 4-MBC (co ~10 pg/l) u Slika 2. Kinetika adsorpcije 4-MBC
vodi primenom unapredenih oksidacionih (co ~10 pg/l) na smesi tekstilnih vlakana
procesa

Rezultati dobijeni ovim istrazivanjem ukazuju da se UV/H20, proces moZze efikasno
primeniti za uklanjanje 4-MBC iz vode. S druge strane, bez obzira na slab afinitet 4-MBC
prema tekstilnim mikrovlaknima, odredeni procenat ciljnog jedinjenja se vezuje na
materijal, te se mehanizam vezivanja i sorpcioni kapacitet mikrovlakana ka 4-MBC treba
ispitati. Dodatno, ispitivanje ponasanja sintetickih tekstilnih mikrovlakana iz otpadne vode
nakon pranja vesa koriste¢i UV/H,O, tretman takode ¢e biti fokus daljeg istrazivanja, pri
¢emu Ce se pratiti kako procesni parametari kao $to su koncentracija H>O,, doza UV zrafenja
1 vreme tretmana uticu na fizicka i hemijska svojstva tekstilnih mikrovlakana.
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The accelerated energy consumption growth rate and oil price increases incentivise
the development of renewable fuels. With the increase in CO,, NOx, and SOx emissions due
to the use of fossil fuels, there is an increase in environmental pollution. Reduction of CO,
emissions, global warming, petroleum depletion, and resource conservation requires the
development of technologies to utilise biomass more efficiently. Unlike fossil fuels, biomass
is more CO; neutral and renewable. Among the biomass thermochemical conversion
technologies, pyrolysis is an attractive way to produce liquid fuels and value-added
chemicals from solid biomass feedstock and is now widely studied. In this study, selected
biomass feedstock were corn stalk sort ZP 6263, tomato, and tobacco. These are one of the
most widely planted crops in the world, and after a significant amount of production,
enormous amounts of residue remain. Agricultural residues may contain valuable
compounds, and the optimised pyrolysis process can convert the organic matter into more
useful, concentrated forms of energy [1,2].

Before the pyrolysis process, additional analyses were performed to determine the
optimal conditions. First, a thermogravimetric analysis of the biomass was done, and based
on the results, a temperature of 400 °C was chosen. Nitrogen was used as a carrier gas, and
the heating rate was 100 °C per minute. All collected pyrolysis products (bio-oil in acetone)
were air-dried before testing. The aim of this study was to estimate the quality of the obtained
products based on physicochemical characteristics and, according to the results conclude
whether the obtained bio-oil is similar to a biofuel. A large number of analyses were
performed, such as moisture and ash content, viscosity, density, pH and calorimetric value,
ICP analysis of Ca, K, Mg and S, GC-MS analysisof molecular composition [3] and the
results of some of them are shown in Table 1.
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Table 1. Physicochemical characteristics of the bio-oil

Corn ZP 6263

Parameters Tobacco Tomato
Moisture (%) 24.98 12.98 14.18
Ash (%) 0.04 0.02 0.12
Density
(g/mL) 1.08 1.17 1.08
pH 2.43 2.73 2.94
Viscosity
(25 °C; Pa-s) 0.01 0.01 0.01
Viscosity
(40 °C; Pa-s) 0.01 0.01 0.01
Calorimetric
value (MJ/kg) 22.62 23.8 23.34
Ca (mg/kg) <100 <100 <100
K (mg/kg) 155.94 202.37 367.33
Mg (mg/kg) <100 <100 <100
S (mg/kg) 722.38 348.81 891.49

Based on the results shown in Table 1, it can be noted that there is almost no ash in
bio-oil. High amounts of alkaline and alkaline earth metals (the most active is potassium) in
bio-oil agree with the conclusions reached because these metals form ash and can cause
reduced liquid yield and quality. Also, it could be the result of a high amount of sulphur.
The pH value of bio-oil is acidic due to the present compounds with carboxylic, hydroxyl,
and phenolic groups. Regarding calorimetric value, the liquid product of pyrolysis shows
good predispositions as a heat source, similar to calorimetric values for woods.

Based on the GC-MS analysis, it can be concluded that a large number of oxygen
compounds are present in the final product. According to that, studies should be continued
in the direction of co-pyrolysis with plastic waste, in order to increase the content of
hydrocarbons, which are the leading carriers of good fuel characteristics. [4]
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BioluZenje cinka iz flotacionog koncentrata polimetali¢ne rude pomocu
Acidithiobacillus ferrooxidans

Bioleaching of zinc from a polymetallic ore flotation concentrate
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Rezerve bogatih ruda, iz kojih je tehnoloski moguée i ekonomski opravdano dobijanje
metala, uglavnom pirometalur§skim postupcima, iz godine u godinu su sve manje.
Istovremeno, intenzivan razvoj tehnike u svetu uslovljava veéu potrosnju metala, $to kao
posledicu ima viSestruk porast cene metala poslednjih godina.

Proucavanje novih postupaka za koriScenje ruda sa niskim sadrzajem metala i
pronalazenje moguénosti njihove prerade, uz poStovanje rigoroznih ekoloskih propisa,
ubraja se u aktuelne probleme ekstraktivne metalurgije razvijenih zemalja. Jedan deo ovih
ruda predstavljaju polimetali¢ne rude iz kojih ¢esto nije moguée, postupcima pripreme
mineralnih sirovina, dobiti koncentrate zadovoljavajuceg sastava za dalju metalurSku
preradu. Zbog toga se u poslednje vreme sve vise radi na razvoju novih hidrometalurskih i
biohidrometalurskih postupaka koji su selektivniji od klasi¢nih i koji bi omogucili uspesnu
preradu ovakvih sirovina.

Proces luzenja delovanjem mikroorganizama je ekonomi¢na metoda za dobijanje
metala iz minerala, narocito nekvalitetne rude 1 otpada iz tekucih rudarskih operacija, koja
zahteva umerena kapitalna ulaganja i male operativne troSkove. To je jedan od ekoloski

prisutan u svetu.

Cilj naSeg eksperimenta je bio da ispita potencijal Acidithiobacillus ferrooxidans za
ekstrakciju cinka iz fotacionog koncentrata polimetali¢ne rude leziSta Rudnik (Srbija)

Materijal i metode: Flotacioni koncentrat polimetali¢ne rude je usitnjen i prosejan
kroz sito od nerdajuceg ¢elika od 63 pm i kao takav koris¢en u eksperimentu mikrobioloskog
luzenja. Za odredivanje cinka, uzorak flotacionog koncentrata polimetali¢ne rude je razlozen
meSavinom HCIO4, i HF. Metal je odreden atomskom emisionom plamenom
spektrofotometrijom.

Prisustvo alkalnih komponenti u flotacionom koncentratu polimetali¢ne rude je
neprihvatljivo zbog reakcije sa kiselim rastvora gvozde(Ill) sulfata, koji nastaje dejstvom
bakterijske kulture na sulfid iz koncentrata polimetalicne rude. Stoga je neophodno
neutralisati supstrat pre dodavanja bakterijske kulture koja ¢e stvoriti oksidant. Pre
eksperimenta luzenja, supstrat je dispergovan u 0,05 M rastvoru H,SO4, muckan 48 h,
filtriran iz rastvora, ispran dejonizovanom vodom i osuSen na 110 °C [1].
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Eksperiment luZzenja je izveden sa bakterijom Acidithiobacillus ferrooxidans.
Eksperimentalni uslovi su bili: period luZenja od 28 dana, 50 ml rastvora za luzenje (g/dm?):
(NH4),S0:4 (3), K:HPO, (0,5), MgSO4x 7H20 (0,5), KCI (0,1), Ca(NOs), (0,01), pri pH od
2,5 u erlenmajerima od 150 mL pri gustini pulpe od 10% (m/V) (5 g flotacionog koncentrata
polimetali¢ne rude u 50 ml rastvora). Podetni broj mikroogranizama bio je 10° po mL,
odreden Metodom najverovatnijeg broja [2]. Kontrolna suspenzija je imala isti hemijski
sadrzaj i pH vrednost kao suspenzija sa Acidithiobacillus ferrooxidans, ali je kultura
Acidithiobacillus ferrooxidans inaktivirana sterilizacijom. Studija je realizovana na
horizontalnom $ejkeru. Temperatura inkubacije bila je 28 °C, a brzina rotacije 180 o/min
[1].

Rezultati: Na kraju eksperimenta je pokazano da je efektivno izluzenje cinka
(izracunato oduzimanjem procenta luzenja cinka u kontrolnoj suspenziji od procenta
izluzenja cinka u suspenziji Acidithiobacillus ferrooxidans) iznosilo 40 %. Broj bakterijske
kulture je povecan sa 10° na 107 po ml, $to ukazuje da ispitivani supstrat nije toksi¢an za
Acidithiobacillus ferrooxidans.

Zakljuéak: Prikazani rezultat pokazuju potencijal bakterijske kulture
Acidithiobacillus ferrooxidans za dobijanje cinka iz flotacionog koncentrata polimetali¢ne
rude leziSta Rudnik. Mikrobioloski tretman je bio efikasan, ali je ipak potrebno optimizovati
proces u cilju dobijanja veceg stepena izluzenja ispitivanog metala, $to se verovatno moze
posti¢i reinokulacijom mikroorganizama.
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Pracdenje dekolorizacije boje Acid Yellow 99 primenom hlor - dioksida

Monitoring the decolorization of Acid Yellow 99 dye by applying chlorine
dioxide

A. Malovié!, Z. Ugrenovié!, D. Manojlovié'?, I. Kodranov'”

(1) Univerzitet u Beogradu - Hemijski fakultet, Studentski trg 12-16, Beograd, Srbija, (2)
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Vodeni ekosistem ¢ini oko 71 % Zemljine povrSine i predstavlja sustinski resurs za
sve vrste zivota. Razvoj globalne industrijalizacije i urbanizacije doveo je do ekstenzivne
proizvodnje otpadnih voda. Stoga je precis¢avanje i odlaganje otpadnih voda postalo jedno
od najozbiljnijih pitanja u danasnjem svetu. Jedan od glavnih proizvodaca otpadnih voda je
tekstilna industrija. Oko 20 % tekstilnih boja zavrsi u vodenom ekosistemu. Glavni indikator
zagadenja poreklom od tekstilne industrije je pojava raznih nijansi boja na povrsini vode.
Acid Yellow-99 (slika 1) pripada klasi anjonskih azo boja. Koristi se u velikoj meri za
bojenje proteinskih vlakana, svile, najlona itd [1].

0=5-ONa
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o

NH
O

Slika 1. Struktura boje Acid Yellow-99

-Z

Hlor - dioksid je moc¢no sredstvo za dezinfekciju i izuzetno selektivan oksidans (Eo =
0, 936 V) koji moze selektivno oksidovati specificne funkcionalne grupe kao §to su fenolne
grupe 1 tercijarni amini. Koristi se kao baktericid, fungicid, algicid i antiseptik. Reaguje
nezavisno od pH vrednosti rastvora, a u odnosu na tretman hlorom ima prednost jer ne
proizvodi toksi¢ne trihalometane. Mana hlor-dioksida je nastanak hloritinih i hloratnih
anjona koji imaju negativne efekte na crvena krvna zrnca [2].

Cilj ovog rada bio je da se utvrdi da li hlor — dioksid moZe da se koristi kao sredstvo
za deokolorizaciju boje Acid Yellow-99.

Ispitivana je dekolorizacija boje u kocentracijama od 60 i 80 mg/L. Pri tome vrSena je
degradacija sa 30, 40 i 50 mg/L hlor — dioksida (slike 2 i 3). Dekolorizacija je pracena na
spektrofotometru nakon 1 h, 2 h, 3 h, 6 h i 24 h od trenutka dodavanja hlor — dioksida u
rastvor boje.
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Slika 2. Dekolorizacija boje Acid Yellow-99 koncentracije 60 mg/L sa 30 mg/L (a), 40
mg/L (b) i 50 mg/L hlor - dioksida (c)

Slika 3. Dekolorizacija boje Acid Yellow-99 koncentracije 80 mg/L sa 30 mg/L (a), 40
mg/L (b) i 50 mg/L hlor - dioksida (c)
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Exploring PhaZ depolymerase sequence space for the bio-cyclable loop for
biopolymers
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(1) University of Belgrade - Institute of Molecular Genetics and Genetic Engineering, Vojvode
Stepe 444a, Belgrade, Serbia;
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Polyhydroxyalkanoates (PHA) are a green substitute for conventional plastics,
owing to their biological origin, biodegradability, biocompatibility and structural
diversity. However, environmental biodegradation of PHA is achieved in a time
frame of several months to several years, depending on environmental conditions,
and properties of both PHA and PHA degrading enzymes (PhaZ) [1]. Taking into
account the high production cost of PHA, landfilling at the end of life is not likely to
be cost-effective, so enzymatic biodegradation as an alternative offers an eco-
friendly bio-cyclable route to cost-effective PHA. Our study aims to tailor PhaZ
properties to create suitable biocatalysts for the industrially relevant time frame and
operating conditions. In order to do so, we decided to randomize PhaZ sequences
and functionally screen enzyme variants for accelerated PHA degradation and
improved biocatalyst stability. Up to this day, various phaZ genes have been mutated
solely for mechanistic purposes eg. Catalytic residue identification, and elucidation
of the substrate recognition process [2,3,4,5,6,7].

Structural information for PhaZ 1is scarce, so the sequence-function
relationship remains unknown, therefore we employed error-prone PCR to
randomize phaZ gene sequences. This approach requires a high-throughput
functional screening platform in order to increase the likelihood of improved PhaZ
sequence identification because beneficial mutations are rare evolutionary events.
Evolution of phaZ genes, PHB depolymerase from Comamonas testosteroni 31A
and PHOase from Pseudomonas fluorescens GK13, is directed towards advancement
in degradation of both short- and medium-chain-length PHAs. In this work, we
address the correlation between the commonly employed high-throughput
methodology of monitoring emulsified PHA degradation with the lower throughput
methodology for assessing commercial-grade PHA degradation. This is the first
report addressing this question which is of the utmost importance to future research
in synthetic enzyme creation for eco-friendly processing of post-consumer PHA.
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