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Naucnom vedu Instituta za fiziku

Predmet: Molba za pokretanje postupka za sticanje zvanja istrazivac
pripravnik

S obzirom da ispunjavam sve kriterijume propisane od strane Ministarstva prosvete, nauke
i tehnologkog razvoja Republike Srbije, za sticanje zvanja istraZiva¢ pripravnik, molim
Nau¢no vece Instituta za fiziku da pokrene postupak za moj izbor u navedeno zvanje.

U prilogu dostavljam:

uverenje o zavr§enim osnovnim studijama,

uverenje o poloZenim ispitima na osnovnim studijama,
uverenje o zavr§enim master studijama,

uverenje o poloZenim ispitima na master studijama,
uverenje o upisanim doktorskim studijama,

kratak opis nau¢ne aktivnosti,

biografija

spisak radova

misljenje rukovodioca projekta.

U Beogradu, 12.10.2018. Olivera Jovanovi¢
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Hayunom Behy UncTHTYyTa 32 Qu3nKy y Beorpany

INPEJMET: MoJa6a 3a nokperame MOCTYNKA 32 CTHIHAKhE 3Bakba HCTPAKHBa4

NPHIPABHHK

Monumo HayuHo Behie MHcTUTYTAa 32 dusuky y beorpany

na nokpeHe noctynak 3a u3bop Onusepe JoBaHoBuh y 3Bawe MCTpaxkuBad
npunpaBuuk. OnuBepa JoBaHoBuh he pajuTH NOKTOPCKY AMCEpTaUMjy O OKBHUpPY
npojekta OH171037 ,,®yHiaMeHTaaIHU MPOLIECH M MPUMEHE TPaHCMopTa 4YecTuua y
HEPaBHOTE)KHMM  TUla3Mama, TparnoBMMa W HaHOCTPYKTypama'™, pyKOBOAMIALL
Axanemuk 3opan Jb. IlerpoBuh, JlaGopatopuja 3a racHy enekrpoHuky Llentpa 3a
HepaBHOTeXxkHe mnpouece MHctutyra 3a ¢usuky y beorpany. Paguhe Ha Temama
BE3aHUM 3a MpOy4aBame€ OCOOMHA M HOBHUX TMPHUMEHA HEPABHOTEXKHUX TMUIa3MU Y
obnacTuma niazma noJbOrnpUBpee.

C o063upom na OnuBepa JoaHoBMh McrywaBa cBe npeaBUhEHE yClloBe y CKilaay ca
[IpaBUJIIHUKOM O MOCTYMKY, Ha4MHy BpEIHOBaka W KBAHTUTATUBHOM HCKa3HUBamy
HayYHOMCTpa)XXUBa4yKUX pe3yiarara uctpaxuBaya MIIHTP carnachu cmo pa ce
MOKpEHE MOCTyMNaK 3a u300p y 3Bawbe CTpaKMBay NPUNPaBHUK.

3a y1aHOBE KOMUCH]j€ Yy MOCTYNKY M300pa MnpeanaxemMo:

np. Hukony Lllkopa, BULlIM HayuHH capagHuk, UHCTUTYT 3a pusuky y beorpany

np Hesena Iyau, HayuHu caBeTHuk, MHCTUTYT 32 usuky y beorpany

npod. Cphana BykBuha, penoBHu npodecop, @usnuku ¢akyarer YHUBEp3UTETA Y

beorpany

V Beorpany, 18. okrobap 2018. rogune

b2

Akanemmc 3opaHx Jb. [letpoBuh

pykoBoaunan npojekta OH171037



Vuusep3ureT y beorpany
- Qu3uyky QaKyaTeT
s w31 Bpoj unmekca: 2013/3114
EREEMREE ppoj: 2652017

Jarym: 16.10.2017.

Ha ocHoBy unaHa 161 3akoHa O OIMIUTEM YNpPaBHOM IOCTYIKY ("Cmyx6enu nuct CPJ", 6p.
33/97, 31/2001 u "Cmyx6enu raacaux PC", 6p. 30/2010) u cayxOeHe eBUICHIMje, YHUBEP3UTET Yy
Beorpany - @u3muku aKynrer, usziaje

YBEPEHWE

Onusepa Joganoeuh

ume jegroi poguitiersa Janxo, JMBI 120899471 5252, poliena 12.08.1994. iogune, beoipag, ouuiauHa
Beoipag-Cascxu Benay, Peityonuxa Cpbuja, yiucana wikoncke 2013/14. iogume, gana 27.09.2017.
iogune 3aépwuna je OCHOBHE aKagemcke ciiyguje Ha ciygujckom upoipamy Ilpumersena u
Komiljyiliepcka usuxa, y wipajarey 0g Yetiupu 10gune, o6uma 241 (geecitia uewipgeceiii jegan) ECIIB
6ogoea, ca fipoceurom oyerom 9,18 (geseit u 1 8/100).

Ha OCcHOBY HaBe[€HOT HM3/1aj€ jOj CE OBO YBEPEHE O CTEUCHOM BHCOKOM obpa3oBamy U CTPYYHOM
Hazusy Jumiomupanu ¢pusugap.




Pentybnuka Cpouja
YhusepsureT y beorpany
dusnuku paxkynrer
bpoj nnpekca: 2013/3114
Jlatym: 10.10.2018.

Ha ocHoBy unana 29. 3aKoHa 0 OIMLITEM YNPaBHOM MOCTYNKY U cilyk0eHe eBUAECHUM]E U3aaje ce

YBEPEIBE O [IOJTOXKEHUM UCIITUTUMA

Oausepa Josanosuh, ume jeHor poauresba Janko, JIMBI™ 1208994715252, pohena 12.08.1994. roaute, beorpan,
onwrtuna beorpan-Casckn Benau, Penydnuka Cp6uja, ynucana wkoncke 2013/14. roaune, nana 27.09.2017. roguxe
3aBpLINIIA je OCHOBHE aKaleMCKe CTy/Mje Ha CTyaujckom nporpamy TpumerbeHa W komnjyTepcka Gusmka, y Tpajarby on
yeTHpH roanHe, oduma 240 (aBecra yerpaecer) ECITB GomoBa, 1 cTeka CTpyuHH Hasus Juriomupanu pusuyap. Tokom
CTyaMja MoJIOKKIIA je HenuTe U3 cienehux npeaMera:

-
’P.ﬁp. ndpa Ha3zus npeamera Ouena ECIIBb | ®onpa uacoBa** Hatym
[
i I |0STId1005 JlaGopatopuja pusnke 1 10 (mecer) 3 |L:(1+0+2) 28.01.2014.
:r 2 {09118 Pauynapu y oOpaau civke ¥ 3ByKa 10 (necer) 2 [[:(2+0+0) 17.01.2014.
i 309711003 O6pana pe3ynTaTa Mepema 9 (meBer) 6 |[:(2+3+0) 21.02.2014.
:r 4 |09TId 1051 Maremaruka 111 8 (ocam) 8  [[:(4+4+0) 08.03.2014.
L 5. |09TId 1001 du3uyka MexaHHKa 9 (neBer) 9 |L:(4+3+0) 14.02.2014.
| 6 loori@2052  |Maremarmka 300 8 (ocam) 10 [I:(4+5+0) 13.07.2015.
! 7 109111004 Enrneckn jesnk | 9 (neser) 4 [:(2+2+0) 12.02.2014.
L8 |09TIIT150 [Tcuxonoruja 10 (necer) 3 [II:(2+0+0) 19.09.2016.
. 9 jogrid101l JTaboparopuja dusnke 2 10 (necer) 3 [IL:(1+0+2) 27.06.2014.
10 ,09TIP1009 [Tporpamiupatse 10 (mecer) 4  |II:(2+2+0) 26.06.2014.
' 11 |oonai006 Mornexynapha ¢u3nka u TepMOAHHAMHKA 8 (ocam) 9 |[I:(4+3+0) 27.06.2014.
[ 12 loorioi007 OcHoBH XeMuje 8 (ocam) 4 [Im+1+0) 15.07.2014.
|13 |09M®1008 Marematnxa 211 8 (ocam) 8 [I1:(4+4+0) 25.07.2014.
' 14. [09TId1120 W3abpana nornassba HaHOU3HKE 10 (mecer) 2 |I1:(2+0+0) 28.07.2015.
Lf 15. |09T1D2015 Hymepuukn metoan y pusnum 9 (neBer) 5 [11:(2+2+0) 23.02.2015.
L 16 |09TD2016 JlaGopatopuja dusnke 3 10 (necer) 3 |II(1+0+2) 18.02.2015.
17 |09TId2013 EnexrpomarueTnsam 9 (meseT) 9 |I:(4+3+0) 26.06.2015.
18. 09112014 OcHOBHM MaTemMaTHuke (U3HKe 9 (meBer) 5 |II:(2+2+0) 01.07.2015.
19 |09TId1112 AnuKaTHBHU copTBED 10 (mecer) 4 |IIL:(2+0+2) 18.02.2015.
20. |09TTId2019 Kracuuna reopujcka dusnka | 7 (cenam) 5  |IV:(3+2+0) 24.07.2015.
21. 09712021 JTaGoparopuja (usuke 4 10 (mecer) 3 |IV:(1+0+2) 24.06.2015.
22 |09T1d2053 O6jeKTHO - OPJEHTHCAHO MPOrpamMHpare 10 (mecer) 5 |[IV:(2+0+2) 24.08.2015.
I 23, |09T1d2018 Tanacu v onTHKa 8 (ocam) 9 [V:(4+3+0) 29.09.2015.
24 (09113025 VYBoa y nH(OpMallnoOHe CUCTeMe 10 (necer) 4 V:(2+0+2) 18.01.2016.
: 25 j09rId3022 Knacuuna teopujcka dusuka 2 7 (cenam) 5 |V:i(2+2+0) 18.07.2016.
. _ggiﬁiﬂ(mlﬂ [Tporpamuparbe HHTEPHET CTpaHHLA 10 (necer) 4 |V:(2+0+2) 15.07.2016.
27 1()})_”(_!3}0()4 Enektponnka 3a msnuape 9 (meBer) 9 |V:(4+2+3) 09.09.2016.
|28 [09TI03024 KpanTha dusika 8 (ocam) 5 |v:3+2+0) 15.07.2016.
C 29 0913031 EnektpiuHa Mepera 8 (ocam) 5 |VL(2+0+3) 07.09.2016.
: 3009110047 ["eoMeTpHjcKa ONMTHKA W ONTHYKH HHCTPYMEHTH 10 (zecer) 4 |V (2+1+1) 27.09.2017. |
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<Dn3wn<n QJaKynTeT
bpoj unnekca: 2013/3114
Jatym: 10.10.2018.

)
P.op. [ugpa Hasus npeamera Onena ECIIB | ®oupn wacoBa** Hatym
31, |0911d0046 base nonaraka 10 (mecer) 4  |VI:(2+2+0) 31.08.2016.
[ 32 |091d3028 Krnacuuna Teopujcka pusnka 3 7 (cenam) 5 |VI:(2+2+0) 21.09.2016.
|33 [09TIDAKYC AKycTHKa 10 (zecer) 4 V:(2+2+0) 15.07.2016.
34 (15MIOIIMd JlaBopatopija MoziepHe drsike 9 (neBeT) 4 |VI:(2+0+2) 20.06.2017.
35 [Isnecac Crangapauu nabopatopHjckit codraep 10 (mecet) 4 |VL:(2+2+0) 12.06.2017.
36. |09TTM3029 OcHOBM aTtoMcKe H3nKe 9 (meBer) 9 |VL:(4+2+3) 24.06.2016.
| 37 |ISTI®IPKP ITporpamupare KOMyHHKalHje payyHapa 10 (mecer) 4 [VII:(2+2+0) 28.09.2017.
{38 [I5Mooy du3snka jesrpa v yectuua 9 (meser) 8§ |VIL:(4+2+2) 28.02.2017.
|39 [15MooPT OcHOBHM padyyHapcKe TEXHUKe 10 (necer) 4 |VII:(2+2+0) 24.01.2017.
40 [15MIOUHTE WHTepHeT TexHonoruje 10 (necer) 4 |VIL:(2+2+0) 22.02.2017.
[ 41 [ISTIOKCYD Komnjyrepcke cumynauuje y dhusnuun 10 (mecet) 5  |VIL:(2+2+0) 27.09.2017.
42 [15TIddUC ®u3nka YBPCTOT CTamwba 10 (mecer) 8  |VIII:(4+0+3) 15.06.2017.
43 |15TIOOIT ®u3nka JOHH30BAHUX racoBa 10 (mecer) 6  |VII:(2+0+3) 07.07.2017.
44 |1STIOMEUC MeTtponoruja u cranfapan3aiija 10 (zecet) 7 |VII:(4+0+3) 29.08.2017.
; 45, |ISTIODOUITIA ®dusnka nmacepa 8 (ocam) 6  |VIIL:(2+0+3) 22.09.2017.

* - eKBMBAJICHTHPAH/MPU3HAT UCITHT.
** - oua yacosa je y hpopmary (npenasarbatexbetocrano).

YkynHo octBapeno 241 ECTIB.
Omnwtyn yernex: 9,18 (neser 1 18/100)
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Yuusepsuter y beorpajuy
dusnukn Qakynrer

bpoj nnaekca: 2017/7024
Bpoj: 2252018

Jlatym: 19.09.2018.

Ha ocnoBy wiana 161 3akoHa o omnuTeM yrpaBHOM MOCTYIIKY ("Cnysx6enn nuct CPJ", 6p.
33/97, 31/2001 u "CnysxGenn raacuuk PC", 6p. 30/2010) n cnysxOeHe eBUJeHUM]e, Y HUBEP3UTET Yy
beorpany - ®un3ndkn QaxyiTer, usaaje

YBEPEIWE

Onueepa Josanoeuh

ume jegnoi poguitiesva Janko, JMBI" 1208994715252, pohena 1 2.08.1994. iogune, Beoipag, ouuuuuna
Beoipag-Cascku Benay, Petlyonuxa Cpbuja, yiucana uwkoncke 2017/18. iogune, gana 08.09.2018.
fogune 3aspuwiuna je Mmacidep akagemcke Ccuiyguje Ha ciityqujckom tpoipamy Ilpumeroena u
Komiljyiiepcka pusuka, y wpajary 04 jegue 1ogune, obuma 60 (wesgeceur) ECIIE 6ogosa, ca
apoceunom oyenom 10,00 (gecew u 00/100).

Ha ocHOBY HaBe[EHOI M3/aje joj C€ OBO YBEPEHE O CTEYCHOM BMCOKOM obOpa3oBatby M
aKaJeMCKOM HasuBy macTep Qu3n4ap.




Ou3MuKK Gakyarer
Bpoj nnmekca: 2017/7024
Jarym: 10.10.2018.

Ha ocHoBy unafa 29. 3akoHa 0 OMNwTeM yNpaBHOM NOCTYKY H cyxOeHe eBHACHUM]jE U3aaje ce

YBEPEE O ITOJIOKEHUM UCITMTUMA

Osnsepa Josanosuh, unme jeHor ponuTersa Janko, IMBIT 1208994715252, pohena 12.08.1994. romue, beorpan,
onwtnna Beorpan-Cascku Benau, Pery6nuka Cp6uja, ynicaHa WIKOJICKE 2017/18. ronune, nana 08.09.2018. roauHe
3aBplINNA je MacTep aKaaeMmcke CTy/Mje Ha cTyaujckom nporpamy [Mpumersena u koMmrjyTepcka GU3MKa, y Tpajary OA
jenne roaune, oouma 60 (wesnecer) ECITIB Gonoa, M cTekna akaieMCKW Ha3HB MacTep ¢usnuap. TokoM cTymuja

NoJioKuj1a je ucnute U3 crnenehux npeaMeTa:

!:6;). Indpa Hasue npeamera Ouena ECIIB | ®onp yacoBa** JaTym
"L | [ISMIT®CTIUA  |CrpykTypa nojataka M anropuTMu 10 (necer) 5 |:(3+2+0) 14.06.2018.
L2 [IsMIenpC JlnctpuGyHpaHi pauyHapCKH CHCTEMH 10 (mecer) 5  |I:(3+2+0) 18.06.2018.
i 3 |[ISMIO®OCTK OcHOBM TelleKOMYHHKaUMje 10 (necer) 5  [[:(3+2+0) 12.02.2018.
& N .

4 lisMromTyoM |TIPHMEHa NLIasMe y 0Gpan MaTepujana i 10 (zecer) 5 [1:(3+2+0) 26.04.2018.
o e ] [HAHOTEXHOJIOrOU|H )
[ 5 |[IsMIoaP JIMnnomMckH paa 10 (necer) 20 |[I:(0+0+20) 08.09.2018.
| 6 {15MTTOUCP WcTpakuBauki CTYHjCKH paj 1T 20 |I1:(0+0+20) 03.05.2018.

* - EKBI'IBEHCHTMPEIH/HDH'JHZlT UCNUT

** _ (boHp yacosa je y hopmaty (nMpenasarsatsekbetoctano).

YkynHo ocreapeHo 60 ECIIb.
Onwru yenex: 10,00 (zecer u 00/100)

Crpana 1 ox |
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Peny6nuka Cpbuja
»\ YHuBep3uter y beorpany
W] P3uaKy dbakynTer
S -ﬁﬂl!" /i" J.5p.2018/8015
Harym: 11.10.2018. ronune

Ha ocHoBy unana 161 3akoHa 0 omnuITeM yrmpaBHOM MOCTYTKY W ciiyx0OeHe eBUaeHUHje h3aaje ce

YBEPEILE

JoBanoBuh (Janko) OauBepa, Op. ungekca 2018/8015, pohena 12.08.1994. roaune, beorpan,
beorpan-CaBcku Benau, Peny6nuka CpOuja, ynucana wkoncke 2018/2019. roaune, y crartycy:
¢duHaHcHpae U3 OyyeTa; TUN CTYaHWja: JOKTOPCKE aKaJeMCKe CTyAHje; CTYaujcKu nporpam: dusmka.

[Tpema CraryTty dakynreta ctyauje Tpajy (Opoj roauHa): Tpu.
Pok 3a 3aBpiueTak cTyauja: y JBOCTPYKOM Tpajamy CTYAH]a.

OBo ce yBepeme MOXe YIOTpeOUTH 3a peryiucame BojHe obaBe3e, H3laBame BU3e, MpaBa Ha Je4HjH JA0AaTakK, TOpoaHIHE
NeH3uje, NHBATUIACKOr A0aaTKa, 1001jatba 3ApaBCTBEHE KibIKHLIE, IErHTUMALLH]e 3a noBnawheHy BOXKbY W CTUNEHAN]E.
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Biografija kandidata

Olivera Jovanovi¢ rodena je u Beogradu 12.8.1994. godine. Fizi¢ki
fakultet — smer Primenjena i kompjuterska fizika je zavrsila na Univerzitetu u
Beogradu 2017. godine.

Master studije upisala je iste godine na Fizickom fakultetu Univerziteta u
Beogradu — smer Primenjena i kompjuterska fizika.

Master rad na temu “Tretman vode zagadene pesticidima plazma mlazom
na atmosferskom pritisku za primenu u poljoprivredi” uradila je u Laboratoriji
za gasnu elektroniku Instituta za fiziku pod rukovodstvom dr Nikole Skora. Rad
je odbranjen septembra 2018. godine na Fizi¢kom fakultetu u Beogradu.



Objavljeni radovi kandidata Olivere Jovanovi¢

PREDAVANJA PO POZIVU SA MEDUNARODNOG SKUPA STAMPANO U IZVODU
M32

1. Atmospheric pressure plasma decontamination of water polluted by organophosphates
used in agriculture
N. Skoro, N. Puag, O. Jovanovic¢, G. Malovié¢ and Z. LJ. Petrovié
The 7th International Conference on Plasma Medicine (June 17-22, 2018, Philadelphia,
USA) (2018)

SAOPSTENJE SA MEDUNARODNOG SKUPA STAMPANO U CELINI M33

2. Plasma Decontamination of Water Polluted by Pesticides for Application in Agriculture
0. Jovanovié, N. Skoro, N. Pua& and Z. LJ. Petrovié
Proc. XXIX SPIG Beograd (Ed.s. G. Popari¢, B. Obradovi¢, D. Borka and M. Rajkovi¢)
(2018) 242-245



IIpersen nayune akruBHocTH OomBepe JoBanosuh

OnuBepa JoBaHOBMh ce TOKOM CBOT JlOcCaJallllbel HAy4HOI paja OaBuiia MpoydyaBameM
HEPaBHOTEXHHUX IJIa3MH KOje pajae Ha aTMOC(PEepCKOM NPUTHCKY M HHUXOBUM HOBHM
MpUMeHaMa y 00JIacTH T1a3Ma MoJbOTPUBPEIE.

Toxom wMactep cTymuja uctpaxuBame OnuBepe JoanHoBuh Owmio je ¢GoKycHpaHO Ha
EKCIIEPUMEHTATHO IPOyYaBamke OCOOMHA HUCKOTEMIIEPATYPCKOT MPAKIHEHha Peau30BaHOT
Ha aTMoc(epcKkoM MPUTUCKY y3 MoMoh Mmia3ma miia3a Kao U Ha KOHKPETHY MPHUMEHY TOT
M3BOpa Ha TPETMaHE YUCTE U BOJE 3araljeHe MECTULIMIOM ca IMJ/beM UCHUTHBama yTHIaja
TpPETHpPAHUX TEUHUX y30paka Ha KIIMjalke CeMEeHA OWMJbaka KOje Ce KOPHCTE y KOMEPIIHjaTHOj
MOJHOTIPUBPEIHO] TPOU3BOAKH. Y EKCIIEPUMEHTY j€ HW3BpIICHA ONTHYKA U EJNEeKTPUYHA
KapakTepu3anuja kopuitheHor mima3ma wu3Bopa (TUla3Ma uWria) KOju ce  Hamaja
BHCOKOHAMOHCKUM cuHYycHOM curHasiioM Ha 30 kHz y3 xopumrheme pagHor raca xenwjyma.
V3 nmoMmoh HamoHCKMX W CTpyjHE COHAE ypal)eHO je Mepeme eNEeKTPUYHUX CUTHAja |
onpeheHa je cTpyjHO-HANOHCKA KapaKTepUCTHKa I1azMa u3Bopa. Kopucrehu ciektpomerap
M3MEPEHHU Cy CHEKTpU eMucuje u3 1iazme. Ha ocHoBy moOujeHuMx momaraka oxapeheHa je
pazHa Tayka Koja je najbe KopuinheHa y TpeTMaHuMa TeUHUX y30paka. TedHH y30piu 4ucTe
u 3araljeHe BoJie KapakTepucaHu cy y3 momoh pH-meTpa u Mepada pacTBOPEHOT KUCEOHHKA, a
3araljeHu y30pIu U y3 momMoh Mepada yKyMmHOT OPTraHCKOT YIJbeHHKA. 3aTuM je ypaheno
WCIUTHBAKkE YTHIAja IJIa3MOM TPETHpPaHE YMCTe W 3araljeHe BoJe Ha KIIMjaBOCT CEMEHa
KyKypy3a M POTKBHUIA KOjH Cy UMOMOMpAHH TPETHPAHUM TE€YHHUM Yy30pIHMa. Y OJHOCY Ha
KOHTPOJIHE y30pKe 100MjeHo je moBehame MpoIlleHTa KIIMjaBOCTH CEMEHAa HAaKOH TpeTMaHa
3aral)eHe BOJie IITO je MOTBPAMIIO MPETIIOCTaBKY Jla C€ HUCKOTEMIIEpaTypcKa IIa3Ma MOKe
KOPDUCTHUTH 3a TpeTMaHe mpeuninhaBama Boje 3araljeHe NecTUIUANMA 32 HECHY JaJby
ynoTpedy y HOJbONPUBPEIH.

Toxom moktopckux cryamja OnuBepa JoBaHoBuh he ce 0aBUTH WHTEPAMCIUIUIMHAPHUM
HCTPaXMBAaEM KOj€ MMa 3a IIJb yIOTpeOy HUCKOTEMIEPaTyCKUX IIa3Ma U3BOpa KOjU paje
Ha aTMoc(epckoM TPUTHUCKY y 00IacTH Iula3Ma moJbomnpuBpene. AkieHaT he Outu Ha
MEXaHHU3MUMa HUHTEpaKIHje IUIa3Me ca y30plHMa KOjU Cy 3HayajHH 3a MPUMEHY Y
MoJLONpUBpean (BOJE, CEMEHA M CJ.) KaKo OM Ce M3BPIIWJIO CKaJMpame IJla3Ma M3Bopa ca
naboparopujckux ypehaja Ha cucTemMe BENMKUX TUMEH3Hja MOTPEOHE 3a TPETMAHE BEITHKUX

KOJIMYMNHA Yy30paKa.



Atmospheric pressure plasma decontamination of water polluted by
organophosphates used in agriculture

N. Skoro!, N. Puaé&!, O. Jovanovié!, G. Malovié!, Z. Lj. Petrovié!?
L Institute of Physics, University of Belgrade, Belgrade, Serbia
2 Serbian Academy of Sciences and Arts, Belgrade, Serbia

E-mail: nskoro@ipb.ac.rs

In biomedicine, atmospheric pressure plasmas (APP) have proved their excellent potential for
sterilization and cleaning of both living tissues and inorganic materials from pathogenic
microorganisms [1]. Moreover, large number of recent studies are investigating operation of APP
in contact with liquids. Results show that chemically reactive gaseous environment produced by
plasma sources can influence and modify physical and chemical properties of liquids [2]. As a
result of the knowledge acquired in previous studies the investigation of APP now widens to a new
emerging research field - plasmas in agriculture, where novel applications for APP appear.

Nowadays, one of the biggest environmental problems is water pollution with contemporary
agriculture techniques as one of the main sources causing the pollution of surface waters. Organic
micropollutants, originating from immense use of pesticides in agriculture production, require
special chemical or biological treatments for water purification, again using environmentally
hazardous substances. Our idea is to employ APP for decontamination of water polluted by
pesticides, which is by now successfully used is warfare applications [3]. As a first step, we
conducted a study on decontamination of water samples polluted with different pesticides, i.e.
organophosphate compounds, by using an atmospheric pressure plasma jet (APPJ) operating with
He as working gas. The plasma jet was powered by a continuous kHz signal source. Liquid samples
placed below the APPJ were treated for different duration times, different sample volumes and
different water contamination levels. Optical and electrical characterization of the APPJ was
performed in order to obtain information about stability of the treatment conditions and the plasma
properties. Before and after the treatment liquid samples were analyzed by spectrophotometric
techniques, high performance liquid chromatography (HPLC) and liquid chromatography coupled
with mass spectrometry (LC-MS) in order to follow degradation of organophosphates. Significant
and efficient degradation of pesticides is noticed in all cases and appearance of degradation
products is observed in the liquid sample. Thus, we could also evaluate toxicity of produced by-
products. From measurements of parent molecule degradation we established dependence of the
decontamination efficiency on treatment time. Having in mind the possibility of reuse the
decontaminated water in agriculture, we also investigated the influence of treated water on seed
germination.
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Abstract. In this work we present a method for purifying water contaminated
with pesticides for further application in agriculture. For this purpose, a needle-
type atmospheric pressure plasma jet (APPJ) was used, with electrode powered by
a high voltage signal at frequency 330 kHz. We have used He as working gas
with flow rate 2 slm. The solution of pesticide Malathion in distilled water was
treated as contaminated sample. Then, the samples were used for seed imbibition.
The results have shown that the plasma decontaminated water treatments had an
effect on increasing the germination of maize and radish seeds.

1. INTRODUCTION

The development of plasma methods for decontamination of polluted
water is caused by scarcity of freshwater. Organic compounds and
microorganisms are the most common water pollutants that get into fresh water
by discharging wastewater into aquatic ecosystem [1].

Plasma chemistry is rich in strongly oxidative reagents (OH, O, Os) that
can diffuse into polluted water and initiate chemical reactions such as the
conversation of organic compounds in solution into water and carbon dioxide [2,
3]

In this paper we used a pin-electrode atmospheric pressure plasma jet
(APPJ) for decontamination of water polluted by Malathion pesticide. After
treatments we monitored germination of the seeds imbibed with the
decontaminated water samples. Obtained germination percentages were compared
with germination results of the control groups of seeds that were imbibed with
distilled water or 500 ppm solution of Malathion.
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2. EXPERIMENTAL SETUP

The Fig. 1 shows a schematic diagram of the experimental setup.
Plasma source was an atmosphere pressure plasma jet which consists of a metal
cylindrical body, glass tube, with the inner and outer diameters of 4 mm and
6 mm, respectively, and concentrically placed electrode with ceramic insulation.
The electrode was made of stainless steel wire with the diameter of 1 mm. The
end of the wire (powered electrode) is sharpened and it is protruding for 3 mm
from the ceramic insulation into the glass tube. As power source we have used a
commercial high voltage RF generator working at frequency of 330 kHz. In all
experiments He was used as a working gas with flow rate of 2 slm.
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Figure 1. Schematic overview of the experimental set up.

The samples containing Malathion were treated in the wells of 6-well
microtiter plate. The volume of treated solution of Malathion in the well was 4
ml and initial concentration was 500 ppm in distilled water. Treatment times
were 5 and 10 minutes. At the bottom of the micro titter plate we glued copper
tape that was connected to the ground through a 1 kQ resistance. The distance
between the surface of the liquid in the plate and wire was 10 mm.

3. RESULTS AND DISCUSSION

Treated solutions as well as distilled water and Malathion contaminated
solution were used for the imbibition of maize and radish seeds in Petri dishes,
with 12 and 40 seeds, respectively in each dish. The seeds were imbibed with
2 ml of liquid per Petri dish (5 cm in diameter). The dishes with the seeds were
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left in a room with constant temperature and with day-night cycle. All
experiments were done in triplicate.

For the control samples, we used seeds imbibed with distilled water and
solution of Malathion (500ppm). Histogram shown in Fig. 2 presents mean value
of germinated maize seeds four days after imbibition. Comparison between
control groups showed that number of germinated seeds imbibed with distilled
water is more than twice higher than number of seeds germinated after
imbibition by Malathion solution. As for the seeds imbibed with plasma
decontaminated water, we can see the positive effect of plasma treatment of
water polluted by Malathion. The number of germinated seeds watered with the
solutions treated for 5 minutes and 10 minutes is higher 1.5 times than in the
untreated Malathion solution. Mean values in both sets of seeds imbibed with
decontaminated water are the same (around the value 5) within the error bar.
Nevertheless, it is still lower than the control group imbibed with distilled water
where the mean value is 7.3.
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Figure 2. Mean values of maize seeds germinated after 4 days of imbibition with
different water samples. dH,O — distilled water, distilled water contaminated
with 500 ppm Malathion, MD5 — contaminated water treated 5 minutes, MD10 —
contaminated water treated 10 minutes.

Similar results are obtained in the case of germination of radish seeds.
Fig. 3 shows mean values of germinated radish seeds 18 hours after imbibition.
In this case, values in control groups with H,O and 500ppm Malathion have
difference of 1.75 times. However, the results on plasma treated samples show
that in this case duration of treatment of water polluted by Malathion
significantly affects germination. While the set imbibed with solution treated for
5 mins is almost the same as the Malathion sample (mean value around 15.5), the
sample treated for 10 mins has the value which is 1.5 times higher.
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Figure 3. Mean values of radish seeds germinated after 18 hours of imbibition
with different water samples. dH,O - distilled water, distilled water
contaminated with 500 ppm Malathion, MD5 — contaminated water treated
5 minutes, MD10 — contaminated water treated 10 minutes.

4. CONCLUSION

Results of germination of seeds imbibed with plasma decontaminated
water showed increase in number of germinated seeds compared to the case of
seed imbibition with Malathion polluted water. This proves that plasma
treatments can purify water and cause decomposition of pollutant molecules to
the extent suitable for the plasma treated water to be reused for plant cultivation.
However, in order to achieve efficient process, one need to investigate
decomposition mechanisms triggered by plasma treatment and the influence of
treated solution on seed physiological processes.
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