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III ONEHA NIOAOBHOCTHU TEME / ASSESSMENT OF TOPIC RELEVANCE

Onena/Assessment:

1.1 dopmymaimje HacnoBa Teze / formulation of the thesis title

[Ipeasnor HacnoBa JOKTOPCKE qucepTaluje: AMOMjeHTAIHH MOHUTOPUHT aTMocdepe MueTubUX
KOLIHHMIIA MPUMEHOM NPEHOCHBE MaceHe CIeKTpoMeTpHje

Proposed title of the doctoral dissertation: Environmental chemical sniffing of beehive atmospheres
using portable mass spectrometry

IIpensoxenn HacaoB Te3e je momodan? / Is the proposed thesis title appropriate? JA/YES HE/NO

111.2 npeamera (mpobiiema) uctpakuBama / research subjects (problems) of the study

[Ipeamer wucTpaxuBama oOyxBaTa pa3Boj M TpUMEHY MOPTa0HIHE MaceHe CIEKTPOMETpHje ca
MeM6paHCKI/IM HBCKTOBALEM  Y30pKa 3a HCHMHBA3UMBHO HpaheH)e 3APaBCTBCHOI' CTamka MYCIWHBHUX
3ajeIHUIIA U TPOLIeHy 3aral)eHOCTH KUBOTHE CpeJMHE KPO3 aHAU3y UCIAPJBUBUX OPTAaHCKHUX jeANEHA
MPHUCYTHUX Y Ba3ayXy YHYTap M OKO KOIIHWIA. TpajHIMOHAIHE METOJE WHCIEKIUje Yy IMMYeNapCTBY,
3aCHOBaHE Ha BHU3YEJIHO] MPOIIEHH KOJIOHHWja, oMoryhaBajy yBHJ y MpPHUCYCTBO MaTHIIe, aKTHBHOCT W
eBeHTyaHe nopemMehaje y nonamamy muena (Braga u capaguuimm, 2020; EFSA, 2016; Hopkins u Keller,
2021), amm cy cyOjeKTHBHE M OTpaHMYCHE jep paHH CTaAujyMH OOJIECTH M CTpeca YecTO OCTajy
HenpuMmehenn. CaBpeMeHa HCTPaXHBaka YCMEPEHa Cy Ha Pa3B0j CEH30PCKUX U IPYTUX COQUCTUITMPAHUX
WHCTPYMEHTAIHUX METOJ]a aHaim3e Koje omoryhaBajy o0O0jeKTMBHHje W KOHTHHYyUpaHO mpaheme.
CeH3opcke MeETOJie KOje Mepe TeMIIepaTypy, BJIAXKHOCT, TEKHHY W aKyCTHYHE CUTHAJIC TPENICTABIbajy
3HauajaH Hanpenak (Miller-Struttmann u capaauuiy, 2017; Marchal u capaguuiu, 2019; Zaman u Dorin,
2023), anu He TIPY’Kajy YBU Y XEMH]CKe TIPOIece Y KOIHUIA HUTH oMoryhaBajy mereknnjy 3arahyjyhux
marepuja (Goulson u capamgaunmm, 2015; Hong u capamauu, 2020).

HHcTpyMeHTanHe MeToJle Kao INTO Cy racHa xpomarorpaduja ca MaceHOM CHEKTPOMETPHjOM, jOHCKA
MOOWJIHA CIIEKTPOMETPHja M MaTPHYHO ACHUCTHpPaHA JlacepcKa ACCOPIIIMOHA jOHCKA CIEKTPOMETpHja
MMOCTHXKY BHCOK HUBO mnpenusHoctd y uaeHtupukamuju VOCs (Cooks u capamuuiu, 2006; Takats u
capagannn, 2004; Li u capamaumm, 2014; Eiceman, Karpas u Hill, 2009), anu cy HempakTmdHe 3a
TEPEHCKY PUMEHY 300T KOMIDIEKCHOT pajia ¥ BUCOKUX KalTUTATHUX U ONEPAaTHBHUX TPOIIKOBA.

Macena criekTpoMeTpHrja ca MeMOPaHCKIM HEH-EKTOBAa-EM H3/[Baja CE Kao cCaBpeMeHa TeXHOJOTHja Koja
omoryhaBa IUpeKTHO, Op30 W TOY3MaHO Y30PKOBamkE€ TAaCHUX MAaTpPHKCa 0e3 TMpeTXOAHEe IMpHIIpeMe
y3opaka. MIMS, kao BHCOKOOCETJFMB W MPEHOCHB CHCTEM, MPEJCTaBJha allapM-ypehaj u mpeBeHTHBHY
Mepy 3a muenape, oMoryhaBajyhm paHa ymo3opema Ha OojecTn mderda W 3araheme, IMTO ce
TPaJUIIMOHATIHAM MeEToJlaMa Kao INTO Cy BH3yellHAa HMHCICKIHMja WIM aKyCTHKa HE MOXE IMOY3JIaHO
ycraHoButd. Ca Jpyre cTpaHe, MEroBa BHCOKAa OCETJBMBOCT oOMoryhaBa JEeTEKIHjy HHUCKHX
KOHIIEHTpaIyja ¢epoMoHa U APYTUX UCMAPJEUBUX jeNU-Eha, MO3UINOHNPajyhn ra Ha 3aBUHO MECTO Ha
TPXKHUILNTY MPEHOCUBUX CeH30pa. Jlata MeTo/a je yCIelHO NMPUMEHhCHA y aHAIN3H Pa3InIUTHX OMOTCKUAX
1 aOWOTCKUX TaCOBHTHUX MaTPHKCa, YKJbY4yjyhu XymaHe OHWOJIOIIKE eMHUCHje U XEMHjCKE TparoBe Kao
TO Cy Jax, 3HOj, koxka u gepomonu (Giannoukos u capamauiu, 2014; Aleksi¢ u capagaunm, 2023),
YiMe je IOTBpheHa crnocoOHOCT METO/Ie 3a IETEKINjy BeoMa HUCKUX KoHIeHTpanuja VOCs y CIIoKeHUM
matpukcuma (Brki¢ u capamaumm, 2018).

HaBenenu myGIMKOBaHM pE3yNTAaTH MPEJCTaBIbajy OCHOBY 3a Pa3B0Oj METOJOJOIIKOT MPUCTYIA aHAIM3H
Ba3yxa y MYCIHIUM KOIIHMIAMA, TN CE XEMHJCKH MPOPUI MOXKE KOPHCTHTH Kao OuoMapkep
3IIpaBCTBEHOT CTaTyca KOJIOHHMje W TIOTEHIWjallHe W3IokeHocTn 3aralyjyhum marepuwjama. I[lpumena
MIMS rexnuke y myenapctBy omoryhaBa yHampeljeHH OMOMOHUTOPHHT — Op30 OTKPUBAaKE IPOMEHA Y
XEMHJCKOM CacTaBy Ba3jlyXa M3a3BaHUX OOJIECTHMA, CTPECOM WJIM MPHUCYCTBOM KOHTaMHWHaHara, Oe3
HapyllaBama CTAOWIHOCTH KoJIoHWje. TuMe ce moOoJsplllaBa W caMma HMHCIEKIMja KOIIHHUIEA, jep ce
no0ujajy 00jeKTUBHY, BPEIHH, KBAHTUTATUBHHY MOJANN Y peaTHoOM BpeMeHy. KoMOnHOBameM HaBeJICHUX
npenaoctu, MIMS npencTaBiba 3Ha4ajaH KOpaK Ka pa3Bojy MHTETPUCAHUX, OAPKUBUX METOAA MOTOJHUX
32 MOHHMTOPHHI 3/]paBJba IUYEIMIBHX KOJIOHMja, aMOMjeHTa Yy KOME JKMBE, Ka0 U KBaJHMTETa >KUBOTHE
CpeAnHE y OMIITEM CMHCITY.
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The subject of this research encompasses the development and application of portable membrane inlet
mass spectrometry for non-invasive monitoring of bee colony health and the assessment of environmental
contamination through the analysis of volatile organic compounds present in the air inside and around
hives. Traditional beekeeping inspection methods, based on visual assessment of colonies, provide insight
into queen presence, bee activity, and potential behavioral disturbances (Braga et al., 2020; European
Food Safety Authority, 2016; Hopkins & Keller, 2021), but they are subjective and limited, as early
stages of disease and stress often remain undetected. Contemporary research has focused on developing
sensor-based and other advanced instrumental analytical methods that allow more objective and
continuous monitoring. Sensor-based approaches measuring temperature, humidity, weight, and acoustic
signals represent significant progress (Miller-Struttmann et al., 2017; Marchal et al., 2019; Zaman &
Dorin, 2023), yet they do not provide information on chemical processes within the hive nor enable
detection of pollutants (Goulson et al., 2015; Hong et al., 2020).

Instrumental methods such as gas chromatography coupled with mass spectrometry, ion mobility
spectrometry, and matrix-assisted laser desorption/ionization time-of-flight achieve high precision in
identifying VOCs (Cooks et al., 2006; Takats et al., 2004; Li et al., 2014; Eiceman et al., 2009), but they
are impractical for field application due to complex operation and high capital and operational costs.
Membrane inlet mass spectrometry stands out as a modern technology that enables direct, rapid, and
reliable sampling of gaseous matrices without prior sample preparation. As a highly sensitive and portable
system, MIMS serves as an early warning device and preventive tool for beekeepers, allowing for the
detection of bee diseases and environmental contamination at an early stage, which cannot be reliably
achieved with traditional methods such as visual inspection or acoustic monitoring. Moreover, its high
sensitivity allows for the detection of low concentrations of pheromones and other VOCs, positioning it
prominently in the market of portable sensors. This method has been successfully applied to the analysis
of various biotic and abiotic gaseous matrices, including human biological emissions and chemical traces
such as breath, sweat, skin, and pheromones (Giannoukos et al., 2014; Aleksi¢ et al., 2023), thereby
confirming its capability to detect very low concentrations of VOCs in complex matrices (Brki¢ et al.,
2018). The published results provide a foundation for developing a methodological approach for
analyzing hive air, where the chemical profile can serve as a biomarker for colony health status and
potential exposure to pollutants. The application of MIMS in beekeeping enables enhanced biomonitoring
— rapid detection of changes in air chemical composition caused by disease, stress, or pesticide presence,
without compromising colony stability. This also improves hive inspection itself, as it provides objective,
valuable, and quantitative real-time data. By combining these advantages, MIMS represents a significant
step toward the development of integrated, sustainable methods suitable for monitoring bee colony health,
the surrounding environment, and overall environmental quality.

IIpeamet ucrpaxkuBama je mogodan? / Is the subject of the research appropriate? IA/YES HE/NO

II1.3 mo3HaBama nmpoOeMaTiKke Ha OCHOBY n3abpaHe JuTeparype ca CuckoM auTeparype/understanding
of the issue based on the selected literature, with a list of references
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environmental quality. Environment International, 60, 31-41. DOI: 10.1016/j.envint.2013.07.002

2] Bak, B., Szczurek, A., Wilk, J., Artiemjew, P. and Siuda, M. (2019). Gas sensor array
and classifiers as a means of varroosis detection. Sensors, 20(1), 117. DOI: 10.3390/s20010117

[3] Bak, B., Szkota, J., Wilk, J., Artiemjew, P. and Wilde, J. (2022). In-field detection of
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sequential neural networks. Sensors, 22(3), 1148. DOI: 10.3390/522031148

[4] Bak, B., Wilk, J., Artiemjew, P., Wilde, J. and Siuda, M. (2020). Diagnosis of varroosis
based on bee brood samples testing with use of semiconductor gas sensors. Sensors, 20(14),
4014. DOI: 10.3390/520144014

[5] Bromenshenk, J.J., Henderson, C.B., Seccomb, R.A., Rice, S.D. and Etter, R.T. (2009).
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Honeybee acoustic recording and analysis system for monitoring hive health. U.S. Patent
7,549,907.
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10.3390/s20092726
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[19] Michlig, M.P., Merke, J., Pacini, A.C., Orellano, E.M., Beldoménico, H.R. and Repetti,
M.R. (2018). Determination of imidacloprid in beehive samples by UHPLC-MS/MS.
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[20]  Miller-Struttmann, N.E., Heise, D., Schul, J., Geib, J.C. and Galen, C. (2017). Flight of
the bumble bee: Buzzes predict pollination services. PLoS ONE, 12, ¢0179273. DOI:
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[21]  Ngo, T.N., Wu, K.C., Yang, E.C. and Lin, T.T. (2019). A real-time imaging system for
multiple honey bee tracking and activity monitoring. Computers and Electronics in Agriculture,
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GC-MS investigation of South Indian honey samples. EMAS.

[25] Wigele, J.W., Bodesheim, P., Bourlat, S.J., Denzler, J., Diepenbroek, M., Fonseca, V.,
Frommolt, K.H., Geiger, M.F., Gemeinholzer, B., Glockner, F.O. and Haucke, T. (2022).
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H360p Jutepatype je onroBapajyhu?/ Is the literature selection adequate? JIA/YES HE/NO

111.4 unspeBn HcTpakuBama/ research objectives

Huse wucTpakvBama je pa3BOoj W BalWjanyja WHOBATHBHE, e(HKacHE W EKOHOMHYHO OJP)KHBE
METOJI0JIOTH]€ 33 KBAJMTATHBHY M KBaHTUTATHBHY aHAIN3y aTMoc(epe MUeNUBbUX KOUIHUIA U OKOJIHOT
Ba3Iyxa IyTeM JIeTeKIHje MCIappuBUX opraHckux jemumerma (VOCs). [locebHa maxma mocBehena je
WOeHTH(PYUKANNjM TIOTEHIMjalTHUX CTpecopa YyHyTap NIYEIHHX 33jeHHIa, YKIbydyjyhu mnpuponmHe
OonoxeMurjcke Mapkepe kKao mrTo cy (pepomonu, kao U TokcmuHe VOCs HacTane ycien amOWjeHTaTHUX
KOHTAMHHAaHaTa WM pa3Boja Oomectn. HWcrpaxuBame he omoryhuTn onTuMm3anujy TEpeHCKHX
Y30pKOBaka M AHAIMTHYKUX TIPOTOKONA, VKIbydyjyhu wu300p HaJIOTOAHUjUX copOeHaTa, Kako
KOMEpIIHjaTHUX, TaK0 W ANTePHATUBHUX, YKJBy4dyjyhn Omodap, 3a eMKacHO CaKyIlJbame HCIIapJHHBUX
jemumema. [lomatHo, dopmupahe ce ocHOBa 3a AM3ajH W Pa3BOj HOBUX MeMOpaHa W TOTEHIIHjaJTHOT
KOMEpIIMjaTHOT OMOCeH30pa 3a Imaeape, KOju O CIyKHO Kao paHH aJapMHH CHCTEM 3a JIETeKIIH]y cTpeca
U KOHTAaMHMHAHATa, MOJp)KaBajyhu omepaTHBHE OJUIyKe Yy YIpaBJbamky ITUSIHIBAM —3ajeTHHUIaMa.
OuekMBaHM HCXOJM WCTpaXHBama o00yXBaTajy CTBapame HAydyHO BajuaupaHe Oa3e MoJaraka o
CE30HCKUM M IpOocTOpHUM Bapujanrjama VOCS y mUelInBbUM KOLIHULAMa, JOIPUHOC Pa3BOjy OAPKUBUX
OMOMOHUTOPHHI CTpaTervja M TIOJPUIKY EKOJONIKMM U 3ApPaBCTBEHUM IIpoleHaMa y ypOaHuUM W
PYpaIHUM €KOCHCTEMHUMA.

The aim of the research is to develop and validate an innovative, efficient, and economically sustainable
methodology for the qualitative and quantitative analysis of the atmosphere within beehives and the
surrounding air through the detection of volatile organic compounds (VOCs). Particular attention is
focused on identifying potential stressors within bee colonies, including natural biochemical markers such
as pheromones, as well as toxic VOCs arising from environmental contaminants or disease development.
The study will enable the optimization of field sampling and analytical protocols, including the selection
of the most suitable sorbents, both commercial and alternative, including biochar-based materials, for
efficient VOC collection. Furthermore, it will establish the basis for the design and development of new
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membranes and a potential commercial biosensor for beekeepers, serving as an early warning system for
stress and contamination and supporting operational decision-making in colony management. The
expected outcomes of the research include the creation of a scientifically validated database on seasonal
and spatial variations of VOCs in beehives, contributions to the development of sustainable
biomonitoring strategies, and support for ecological and health assessments in both urban and rural
ecosystems.

HumeBn wucrpaxkuBama cy oaroapajyhu?/Are the research objectives appropriate?
JA/YES HE/NO

111.5 ouekuBanux pesynrara (xunorese)/ expected results (hypotheses)

o KoMOuHaIMja KOHTHHYUPaHOT MOHUTOpUHTa ToMohy npeHocuBe MIMS TexHuke u
naboparopujcke GC—MS ananu3se omoryhasa noy3aaHy kapakTepu3aiujy npoduiia ucrnapbuBux
opraickux jenumbema (VOCS) y MUKPOKIIMMU KOIITHHIIA TOKOM TTUENIapCKe Ce30HeE.

o [Ipoduin ucnap/bUBUX OPTAHCKHX jeTUBbEHHA CAAPIKHU CIIeUPHIHE XEMHUjCKe MapKepe KOju
KOpenHpajy ca (pU3MOIOIIKIM CTakheM MTUEIHILE 3ajeTHHIE, HUBOOM CTpeca U IPHCYCTBOM
CTOJhAIIEbUX KOHTAMUHAHATA.

e (Cesoncka muHamuka VOCs y Ba3lylITHOM MPOCTOPY KOIIHUIIE TOKa3yje KAPaKTEPUCTHUHY
BapHjaOHITHOCT y 3aBUCHOCTH O] TEMIIEPATypHHUX YCJIOBA, HEKTAPHUX TOKOBA U aKTHBHOCTH
myena, mro oMoryhaea Je(pUHHCAHE XEMHU]JCKOT ,,0THCKA” 37paBe KOIITHHUIIE.

e  Mopdornomka KapakTepusaiyja pa3InIuTHX KOMEPIUjaTHIX copOeHaTa TEXHUKOM CKeHHpajyhe
EIEKTPOHCKE MUKPOCKOTHje oMoryhuhe onpehnBame HajImorogHujer Mareprjaia 3a ehuKkacHo
CaKyTJbalh€ UCTIAPJPUBUX JEIUHCHA y YCIOBUMA TEPEHCKOT Y30PKOBamba.

e [IpumMmeHa anTepHATHBHHX copOeHaTa  Ornovapa MOKe MPEICTABIbaTH OJJPKUBY M EKOHOMHYHY
aITepHATUBY KOMEPIIHMjJTHIM MaTepHjanmMa 3a morpede yzopkoBama VOCs.

e Pa3Boj, MozenOBamke U U3pata HOBE MeMOpaHe IpuiiaroheHe aHaau3u MYSTHBUX aTMocdepa
norpuHehe moboJkIIamy CelIeKTUBHOCTH U MU(Yy3HOHUX cBojcTaBa y MIMS ananmsm.

e VOCs npo¢uil muenumbe KOIHUIIE MOXKE CITYy>KUTH Kao NOy3/1aH WHIUPEKTaH WHIUKATOP CTamba
YKUBOTHE CpEMHE, IITO MOTBPl)yje MOTEeHIH]jall pa3Boja Op30T, HEWHBA3UBHOT U OJJPYKUBOT
cucTeMa 3a OMOMOHUTOPHHT.

e The combination of continuous monitoring using portable MIMS technology and laboratory GC—
MS analysis enables reliable characterization of volatile organic compound (VOC) profiles within
the microclimate of bee hives throughout the beekeeping season.

e The VOC profile contains specific chemical markers that correlate with the physiological state of
the bee colony, stress levels, and the presence of external contaminants.

e The seasonal dynamics of VOCs in the hive air exhibit characteristic variability depending on
temperature conditions, nectar flows, and bee activity, allowing the definition of a chemical
“fingerprint” of a healthy hive.

e Morphological characterization of various commercial sorbents using scanning electron
microscopy (SEM) will allow the determination of the most suitable material for efficient VOC

collection under field sampling conditions.

e The application of alternative sorbents and biochar may provide a sustainable and cost-effective
alternative to commercial materials for VOC sampling.

e The development, modeling, and fabrication of a novel membrane tailored for the analysis of hive
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atmospheres will contribute to improved selectivity and diffusion properties in MIMS analysis.

e The VOC profile of a beehive can serve as a reliable indirect indicator of environmental
conditions, supporting the potential development of a rapid, non-invasive, and sustainable
biomonitoring system.

OuexkuBaHU pe3yJTAaTH NpeACTaB/bajy 3HaYajaH HayyHu gonpunoc?/ Do the expected results
represent a significant scientific contribution? JA/YES HE/NO

II1.6 mnana pana (Ha OCHOBY (ha3a UCTpaKMBaba U OPUJCHTAIMOHOT cajipkaja aucepranuje u3 Oopacua 1)/
Work plan (based on the research phases and the indicative content of the dissertation from Form 1)

®daza 1: [pernen muteparype u AeuHUCcambe mpodieMa

- AHanmza noctojehinx Hay4YHUX ca3Hama U CTamka y CBETY.

- Hnenrtudukanmja npobiema u OKBUPA HETOBOT PEllIaBamba.

- @opmynHcame MUBEBA JOKTOPCKE AUCEpTAaIIje.

®aza 2: ExciepuMeHTaIHH AU3ajH U IPpUATIpEMa

- JlepuHncame ekcriepuMEHTAITHHUX MTPOIIETYPA.

- Opabup Meauyma (CoHzie, MeMOpaHe, u ap.).

- Kapakrepusaiuja copOenaTa MeToIoM CkeHupajyhe enekTpoHcke Mukpockoruje (SEM).

- IIpenumMuHapHO TEPEHCKO Y30PKOBAE.

@a3za 3: TepeHcka HCTpaKUBamba

- Y3opkoBame aTMocdepe KOIHUIA U OKOJHOT Ba3yxa KopHIIieheM KOMEPIIH]jaTHUX
copbenara (Orbo cepuja) u mymiie.

- Ymorpeba MIMS ypehaja 3a nedpuHHCakHE pacmoiene HCIapbUBUX OPTAHCKUX jeANHCHA Y
KOIITHUIIH.

- Kontunyupano yzopkoBamke MIMS TEXHHKOM TOKOM ITIEIIAPCKE CE30HE.

- UMBspama u Tectupame Moau(pUKOBaHE MEMOpaHe.

®aza 4: JJabopaTopHjcKe aHATTN3E

- GC/MS ananmuza y3opaxa.

- Ilopeheme pesynrara nodujeanx GC/MS u MIMS texHukama.

- SEM ananm3a copOeHaTa HaKOH TEPEHCKHUX EKCIIEPIMEHAaTa CKeHIPajyhoM eTKTpOHCKOM
MHUKPOCKOITHjOM.

®aza 5: Obpana u HHTEpIIpETaNHja oIaTaKa

- Crarucrnuka aHanuza pesyirara npumeHoM 'R' u Microsoft Excel mporpam u uaTEpHO
n3paljeHe armkayje.

- Kopenanuja moOujernx mojaraka ca mapamMeTpruMa KUBOTHE CPEIHE U 3[paBJba ITIesa.

- Hpentudukanyja orpaHuvea IpUMEHe U MPeIo3n 3a yHarpeheme MeToa.

®aza 6: Banunanuja u quceMyHaIyja pe3yarara

- Tlopeheme ca pesyiraTima U3 IuTeparype.

- JlepuHucame ONTUMATHUX BPETHOCTH U yHapelherhe MOHUTOPUHT TEXHUKA.

- IlybmuxoBame pesynrara y gomahumM u Mel)yHapoHIM Yacomrcuma.

OxBHUpHHM caJp:Kaj JOKTOPCKe AucepTanuje:
1. VBox
- llpencraBsbame mpodiaeMaTrke, GOpMyIHCabe HCTPAKMBAUKE XUIIOTE3€ U [INJbEBA
HUCTPAKUBAbA.
2. Teopujcke ocHOBE
- Ilpernen texauka nmpahemwa 31paBiba muena u aerekiuje VOCs.
- bonectn u nndeknmje, mel)ycoOHa MHTEpaKIIHja MYea.
- Busyenne u ceH30p MeTOZE, MaceHa CIIEKTPOMETPHja U KOMOMHOBaHE aHATNTHYKE
TEXHUKE.
3. [lpunnunu paga MIMS TexHuke
- OGjammene pyHkunonucama MIMS y neTeknuju uCapJbUBUX jeINHECHA U OIHC
nopTaduiIHOT, HHTEpHO pa3BujeHor MIMS ypehaja.
4. EkcriepMeHTaIHU I€0
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- TepeHncko y3opkoBame 1 TectTupame MIMS cucrema.

- AHanm3a u KapakTepu3saiuja copoeHara.

- [Ipuka3 nperMMUHApHUX pe3ynTaTa.

- CezoHCKa TUIIOT CTyIHja aTMOCcQepe KOIIHUIIA.

- GC/MS ananuza y3opaka ¥ TeCTHPambe MOJU(PUKOBAHUX ITOJIMMEPHUX MaTepHjaja.

5. Pesynratu u quckycuja

- Ilpuka3z u Tymaueme qOOHMjeHNX MOAaTaKa, KoMIapaluja ca mocrojehum Merogama u
JUTEPATYPOM.

6. 3axspyyax

7. Ipunosu

8. Jluteparypa

Phase 1: Literature Review and Problem Definition
- Analysis of existing scientific knowledge and the current state of research worldwide.
- Identification of the problem and framework for its resolution.
- Formulation of the doctoral dissertation objectives.
Phase 2: Experimental Design and Preparation
- Definition of experimental procedures.
- Selection of materials (probes, membranes, etc.).
- Characterization of sorbents using Scanning Electron Microscopy (SEM).
- Preliminary field sampling.
Phase 3: Field Research
- Sampling of beehive atmosphere and surrounding air using commercial sorbents (Orbo
series).
- Application of a MIMS device to determine the distribution of volatile organic
compounds within the hive.
- Continuous sampling using the MIMS technique throughout the beekeeping season
Development and testing of a modified membrane.
Phase 4: Laboratory Analyses
- GC/MS analysis of collected samples.
- Comparison of results obtained by GC/MS and MIMS techniques.
- SEM analysis of sorbents after field experiments using Scanning Electron Microscopy.
Phase 5: Data Processing and Interpretation
- Statistical analysis of results using the R software, Microsoft Excel, and an internally
developed application.
- Correlation of obtained data with environmental parameters and bee health indicators.
- Identification of method limitations and proposals for improvement.
Phase 6: Validation and Dissemination of Results
- Comparison with literature data.
- Definition of optimal values and enhancement of monitoring techniques.
- Publication of results in national and international journals.

Outline of the Doctoral Dissertation:

1. Introduction
- Presentation of the problem, formulation of the research hypothesis, and definition of
research objectives.
2. Theoretical Background
- Overview of techniques for monitoring bee health and detection of VOCs.
- Diseases and infections, as well as inter-bee interactions.
- Visual and sensor-based methods, mass spectrometry, and combined analytical
techniques.
3. Principles of MIMS Technique
- Explanation of the functioning of MIMS in the detection of volatile compounds and
description of the portable, in-house developed MIMS device.
4. Experimental Section
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- Field sampling and testing of the MIMS system.
- Analysis and characterization of sorbents.
- Presentation of preliminary results.
- Seasonal pilot study of beehive atmospheres.
- GC/MS analysis of samples and testing of modified polymeric materials.
5. Results and Discussion
- Presentation and interpretation of obtained data, comparison with existing methods and
literature.
6. Conclusion
7. Appendices
8. References

Ilnan paga je onroBapajyhu?/ Is the work plan appropriate? JA/YES HE/NO

111.7 meronie u y30pka ucrpakuBama/ method and research sample

[peanaxe ce npumena crnenehnx meroxa:

e [IpeHocHa MaceHa CIEKTpOMETpHja ca MeMOpaHCKMM HibekToBameM (MIMS) mpumemuBahe ce
3a TEPeHCKYy aHaM3y arMocdepe KOIIHWIA W OKOJHOT Ba3ayxa y ypOaHWUM W pypaHHM
cpeavHaMa, paad JETeKIMje HCIap/bUBUX OPraHCKUX jeluibera, Kao M 3a J1abopaTopHjCKO
TecTHpame MeMOpaHa.

e Tacna xpomatorpaduja/macera cnektpomerpuja (GC/MS) kopuctuhie ce 3a ycrnocraBbarbe
OpHjCHTAIIMOHE AHAIWTHYKE METOJC 3a aHAIM3y y30paka arMocdepe KOIIHUIA, TECTHpambe
KOMepIHjaTHuX copOeHara, J1abopaToOpHjCKy aHau3y HWCIapJbHBUX OPraHCKHUX jeUbEHha Yy
KOIITHUIIaMa U )KHBOTHO] CPEIMHH, Ka0 U 32 HACHTU(UKANK]y KOHTaMUHaHAaTa.

e Ckenmpajyha enektponcka wmukpockormja (SEM) mpumemuBahe ce 3a  MopQoJomKy
KapaKTepu3alfjy, IMOPO3HOCT, BEIMUYMHY YECTHUIIA M CacTaB MPHPOJHHX U CHHTETHYKUX
copOeHara.

e MeToJa aKTUBHOT Y30pKOBama KOpHCTHhE ce 3a TPHUKYIJbalke WCIAPJBUBHX OPraHCKHX
jemumeha YHYTap KOIIHAIIA U aTMOC(EpCKOT Bazmyxa moMmohy copOenara.

e CumymanuoHa aHamm3a codTBepuMa Omhe ycMepeHa Ha MOICIHPAkE KapaKTepHUCTHKA
MOM(HUKOBAHUX MEMOpaHa.

e Portable membrane inlet mass spectrometry will be applied for field analysis of hive atmosphere
and surrounding air in urban and rural regions for the detection of volatile organic compounds, as
well as for laboratory testing of membranes.

e Gas chromatography/mass spectrometry will be used to establish an orientation analytical method
for the analysis of hive atmosphere samples, testing of commercial sorbents, laboratory analysis
of volatile organic compounds in hives and the environment, as well as for contaminant
identification.

e Scanning electron microscopy will be applied for morphological characterization, porosity,
particle size, and elemental composition of natural and synthetic sorbents.

e The active sampling method will be used for the collection of volatile organic compounds inside
hives and in atmospheric air using sorbents.

e Simulation analysis with software will be directed toward modeling the characteristics of
modified membranes.

Merton u y3opak cy onrosapajyhu? / Are the method and sample appropriate? JIA/YES HE/NO

111.8 mecra, 1abopaTopuje U onpeme 3a UCTpakuBauku pay/ research sites, laboratories, and equipment

TepeHncko y3opkoBame arMocdepe MUeTUBUX KOIIHHMLA ypOaHe pervje peaqu3oBaHo je y BerepHuKky,
ornmrtuHa HoBu Cajn, Ha mpuBaTHOM IOCEAY YMjH j€ BJIACHMK HPYXKHO IyHY MOAPIIKY W oMoryhmo
kopuiiheme MUYeTHbaka y CBPXY HAayYHOI HCTPaXHBama. Y30pLUU arMocdepe KOIIHHLIA U3 pypajiHe
peruje NpUKyIUbeHHU Cy y MUeNrubaky y MecTy I'paboBo, onmruHa beounn. AntepHatuBHM agcopOeHTH U
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OMOYapOBH MPHIIPEMIbEHH CY Y Jaboparopuju JemapTMana 3a HHXEHEPCTBO 3aIlTUTE JKUBOTHE CPEIUHE
U 3amtuTe Ha paay dakynTera TEXHHUYKUX Hayka W y ucTpaxkuBaukoM HHCTUTYTY ERI (Environmental
Research Institute) y LlIkoTckoj.

Cse naboparopujcke aHaiW3e M CEKCIICPUMEHTH IUIaHHUpPaHW Cy M peaju30BaHU y Jaboparopujama
Wucruryta BuoCene, Jlaboparopuju 3a aHAIMTHYKY XeMujy, JlabopaTopuju 3a KapaKTepu3alujy
MaTepujaia U XeMHjCKoj 1abopaTopuju

Field sampling of the beehive atmosphere in the urban region was conducted in Veternik, Municipality of
Novi Sad, on private property whose owner provided full support and allowed the use of the apiary for
scientific research purposes. Samples of the beehive atmosphere from the rural region were collected at
an apiary located in Grabovo, Municipality of Beocin. Alternative adsorbents and biochar sorbents were
prepared in the laboratory of the Department of Environmental and Occupational Safety Engineering,
Faculty of Technical Sciences, and at the Environmental Research Institute (ERI) in Scotland.

All laboratory analyses and experimental procedures were planned and conducted in the laboratories of
the BioSense Institute, The Laboratory for Analytical Chemistry, the Laboratory for Material
Characterization, and the Chemical Laboratory.

Yc10BH 32 HCTPAKUBAYKHU pax cy oaroBapajyhu?/Are the conditions for the research work
appropriate? JA/YES HE/NO

I1.9 meronme cratucTuyke oOpaje MmojaTaka W OCTAlMX pelieBaHTHUX mojaraka/ method of statistical
processing of data and other relevant information

Kopucrtuhe ce cranaapaHe METO/IE 3a CTATUCTHUKY 00pay mojaraka — JeCKpUITHUBHA CTATUCTHKA, K0 U
nHTEepEpPEHITMjATHE CTAaTUCTUYKE TEXHHWKE. 3a CTAaTUCTUYKY aHAIM3y IOojaTaka W o0pady H3JIa3HUX
pe3ynaTara moOHjeHrX MaceHOM CIeKTpoMeTpHjoM Omhe kopurmiheHn R codTBepckm maker, koju omoryhasa
MIpEeIU3Hy 00paay, BU3YEIH3aIlijy U HHTEPIPETAIN]y CIIOKCHIX CKYIIOBa IOJIaTaKa.

Standard methods for statistical data processing will be used — descriptive statistics, as well as inferential
statistical techniques. The R software package will be employed for statistical analysis and processing of
the output data obtained from mass spectrometry, enabling precise data handling, visualization, and
interpretation of complex datasets.

IIpengoxene meroae cy oaropapajyhe?/ Are the proposed methods appropriate? IA/YES HE/NO

IV OHEHA ITOJOBHOCTHU KAHANUJAATA/ ASSESSMENT OF THE CANDIDATE’S
SUITABILITY

YcnoBu aedunrcanu 3a kanauaara ctyaujckuM mporpamom/ Conditions defined for the
candidate by the study program:

[Tpema IIpaBuiaHMKY O ymuUCy, CTyJHpamy Ha JOKTOPCKUM aKaJeMCKUM CTyIdjamMa U CTULAbY
3Bama JIOKTOpa HayKa, OJHOCHO JokTopa ymeTHocTd (http://stari.ftn.uns.ac.rs/1994739289/, on
16.10.2021.) ,,CtyneHT, KOjU je HOJOXHO CBE UCHHUTE onpeheHe CTyAMjCKHUM HporpaMoM MU
0JI0paHHO TEOPUJCKE OCHOBE JIOKTOPCKE IHUCEpTalllje, OJHOCHO YMETHHUYKOI MpPOjeKTa, CTHUYE
IIPaBO J1a PUjaBu TeMY JOKTOPCKE JAUCEepTalHje, OJHOCHO, JOKTOPCKOT YMETHUYKOT MPOjEeKTa. .

According to the Regulations on Enrollment, Studies in Doctoral Academic Programs, and the
Awarding of the Title of Doctor of Science or Doctor of  Arts
(http://stari.ftn.uns.ac.rs/1994739289/, dated 16.10.2021): "A student who has passed all the
exams prescribed by the study program and has defended the theoretical foundations of the
doctoral dissertation or artistic project acquires the right to submit a topic for the doctoral
dissertation or doctoral artistic project."
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Oobpasnocerve/Justification:

[Ipernenom nocraBibeHe qokyMeHTanuje, Komucuja yrphyje na je kanaunarkuma Jlapua WMmh
MOJIOKKJIA CBE UCIHTE NMpeaBHl)CHE MJIAHOM W MPOTrPaMOM JOKTOPCKUX CTyAMja, Ka0 U Ja je
o0paHWIa TEOPHUjCKE OCHOBE JOKTOPCKE aHMCepTalnuje, YuMe je (OpPMaJHO CTEKJa CBE
HEOITXOJIHE YCIIOBE 3a MPHjaBy TEME JOKTOPCKE IUCEpTaIHje.

Upon reviewing the submitted documentation, the Commission determines that the candidate,
Daria Ili¢, has passed all exams prescribed by the doctoral study plan and program, and has
defended the theoretical foundations of the doctoral dissertation, thereby formally meeting all
necessary requirements to submit a topic for the doctoral dissertation.

Ja an kanguaat ucnymwana aepunucare yciaoBe?/Does the candidate meet the defined
requirements? JA/YES HE/NO

V OIEHA NIOAOBHOCTHU NPEINJOKEHUX MEHTOPA/ASSESSMENT OF THE
SUITABILITY OF THE PROPOSED SUPERVISORS

V.1 buorpadwuja menTtopa (1) (mo 500 peun)/ Biography of Supervisor (1) (up to 500 words):

Hp Maja Typk Cekynuh je qokropupana u3 o6aactu MHKXemepcTBO 3alITUTE KUBOTHE CPEIUHE
Ha @akynrery TexHuuykux Hayka 2009. romuHe, TA€ je TPEHYTHO 3alocieHa Kao PEIOBHU
npodecop ox 2020. romuue. p Maja Typk Cekymuh je pykoBomwmam MacTep akaaeMCKHX
ctyaja UHxkemepeTBO TpeTMaHa U 3allTUTe BoJa Ha JlemapTMaHy 3a MHXKEHEPCTBO 3alITHUTE
KUBOTHE CpelMHE W 3alUTUTY Ha pany, Pakynrera TEXHUYKUX Hayka, YHuBep3uteta y HoBom
Cany, xkao u mornpenceanuna Ceknuje 3a XeMH]y KUBOTHE CpPEIUHE M 4WiIaHHUIA YTPaBHOT
onbopa Cprickor xemujckor apymTBa. KoayTop je TpW yHHBEpP3UTETCKa YIIOCHHKA W TpPH
MpaKTUKyMa 3a peaju3aliijy eKCIepUMEHTaTHHX BexkOH. TOKOM cBoje akaieMcKe Kapujepe
o0jaBuia je Bume ox 62 pama y MmehyHapomauMm daconmucuma W mpeko 300 pamoBa Ha
Mel)yHapoAHUM M HAllMOHAIHUM KOH(epeHIHjamMa, Kao U jeIHO TEXHUYKO pelIeHhe KaTeropuje
MS2. IIpema Google Scholar nperpaxuBauy, pagosu ap Maje Typk Cekynuh cy uurupanu 2648
nyta (h-uamekc 25, 16.10.2025.). dokyc HCTpaXMBAayKOI paja MEHTOPKE YCMEpeH je Ka
WHOBaTUBHUM TNPUPOJHUM pellelhUMa U 3eJIeHUM ~low-cosf’ TeXHolorujama y o0JacTu
npahema KBanuTeTa, JACKOHTAMUHAIMjE, peMeaujalldje M YyIpaBjbalkba BOJaMa U OCTAIUM
KOMIIAPTMEHTUMa KHBOTHE cpenuHe. HcrpaxuBauku tum 1p Maje Typk Cekynuh je
y4ecTBOBAO y BHIIIE MpojekaTta GuHaHcupaHux ol ctpane EBponcke komucuje u HATO, kao u
HAI[MOHAITHUX Mpojekara. TpeHyTHO je KoopAuHATOp y ciaeaehuM mpojeKTuma:

1. Producing biochar from sewage sludge to support sustainable bioresource renewal
and reduce carbon emissions, Public Call for the Improvement of Cooperation Between
Science and Economy in the Field of Circular Innovations — Circular Vouchers 2024, The
United Nations Development Programme (2024-2025)

2. Rural Environmental Monitoring via ultra wide-ARea networKs And distriButed
federated Learning — REMARKABLE, HORIZON-MSCA-2021-SE-01 — Staff
Exchanges programme, Grant Agreement project number 101086387 (2023-2026)

3. Democratia - Aqua — Technica, DAAD: Ost-West-Dialog: Hochschuldialog mit den
Landern des westlichen Balkans 2020, (2020 - 2025)

Dr. Maja Turk Sekuli¢ obtained her PhD in Environmental Protection Engineering at the Faculty
of Technical Sciences in 2009, where she has been employed as a full professor since 2020. Dr.
Maja Turk Sekuli¢ serves as the Head of the Master’s Academic Program in Water Treatment
and Protection Engineering at the Department of Environmental Protection and Occupational




18

Safety Engineering, Faculty of Technical Sciences, University of Novi Sad. She is also the Vice-
Chair of the Section for Environmental Chemistry and a member of the Governing Board of the
Serbian Chemical Society. She is a co-author of three university textbooks and three laboratory
manuals for the implementation of experimental exercises. Throughout her academic career, she
has published more than 62 papers in international journals and over 300 papers at international
and national conferences, as well as one technical solution in the M82 category. According to
Google Scholar, Dr. Maja Turk Sekuli¢’s publications have been cited 2,648 times (h-index 25,
as of 16 October 2025). Her research focuses on innovative natural solutions and green, low-cost
technologies in the field of monitoring, decontamination, remediation, and management of water
and other environmental compartments. Dr. Maja Turk Sekuli¢’s research team has participated
in several projects funded by the European Commission and NATO, as well as national projects.
She is currently the coordinator of the following projects:

1. Producing biochar from sewage sludge to support sustainable bioresource renewal
and reduce carbon emissions, Public Call for the Improvement of Cooperation Between
Science and Economy in the Field of Circular Innovations — Circular Vouchers 2024, The
United Nations Development Programme (2024-2025)

2. Rural Environmental Monitoring via ultra wide-ARea networKs And distriButed
federated Learning — REMARKABLE, HORIZON-MSCA-2021-SE-01 - Staff
Exchanges programme, Grant Agreement project number 101086387 (2023-2026)

3. Democratia - Aqua — Technica, DAAD: Ost-West-Dialog: Hochschuldialog mit den
Landern des westlichen Balkans 2020 (2020-2025)

V.2 Pedepeniie MeHTOpa U3 HaydHE 00JIACTH KOjO] TIPHUIIaJa TeMa JOKTOPCKE aucepTarmje/
References of the supervisor in the scientific field relevant to the doctoral dissertation topic:

P ayToOpH, HACIIOB, yaconiuc, BOJyMeH (romuHa) Opoj crpanunia ox-no, DOI wmm

0p./No. | ISBN/ISSN / authors, title, journal, volume (year), page numbers from—to, DOI kareropuja/
or ISBN/ISSN category
Cojbasic, S., Agarski, B., Vukelic, D., Sekulic, M.T., Pap, S., Perovic, M., &
1 Prodanovic, J. (2025). Life cycle assessment of nature-based coagulant M2 at

production: Light and dark sides of the freeze-drying process. Industrial Crops
and Products, 226, 120699.

1li¢, D., Brki¢, B., & Sekulié¢, M.T. (2024). Biomonitoring: Developing a beehive
2. air volatiles profile as an indicator of environmental contamination using a M21
sustainable in-field technique. Sustainability, 16(5), 1713.

Pap, S., Paunovic, O., Prosen, H., KraSevec, 1., Trebse, P., Niemi, L., Taggart,
3. M.A., & Sekulic, M.T. (2023). Removal of benzotriazole derivatives by biochar: M2la
potential environmental applications. Environmental Pollution, 334, 122205.

Sekulic, M.T., Boskovic, N., Milanovic, M., Letic, N.G., Gligoric, E., & Pap, S.
(2019). An insight into the adsorption of three emerging pharmaceutical
contaminants on multifunctional carbonous adsorbent: Mechanisms, modelling
and metal coadsorption. Journal of Molecular Liquids, 284, 372-382.

M21a

Radoni¢, J., Jov€i¢ Gavanski, N., Ili¢, M., Popov, S., Ocovaj, S.B., Vojinovi¢
Miloradov, M., & Turk Sekuli¢, M. (2017). Emission sources and health risk
5. assessment of polycyclic aromatic hydrocarbons in ambient air during heating M21a
and non-heating periods in the city of Novi Sad, Serbia. Stochastic
Environmental Research and Risk Assessment, 31(9), 2201-2213.

V.3 VYcnoBu pnedunucanu 3a MeHTopa y ckinaay ca [lpasunuma Ookmopckux cmyouja
Yuusepzumema y Hosom Cady 3a obnact kojoj mpumana gokropcka aucepanuja/ Conditions
defined for the supervisor in accordance with the Rules of Doctoral Studies of the University of
Novi Sad for the scientific field to which the doctoral dissertation belongs::
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[lpema unany 8, cmexu: MeHTOp Mopa MMaTu pedepeHue U3 HaydHe, OJHOCHO YMETHHYKE
o0JIacTH K0jOj MpHIaJa TeMa JOKTOPCKE AucepTalyje, OJHOCHO JOKTOPCKOT YMETHHYKOT
IpOjeKTa W WCHymaBaTH Apyre yciose u3 Crangapna. MeHTop Mopa jaa ucnmymasa cienehe
JIOTYHCKE KPUTEPUjyME Y OKBUPY 00pPa30BHO-HAYYHOT, OJJHOCHO 00pa30BHO-YMETHHUYKOT 110Jba:
- 3a II0JbE€ TCXHUYKO-TCXHOJOMIKUX HayKa MCHTOP MOpa UMaTu HajMaH)e IeT paaoBa O6jaBJBeHHX
y MPETXOAHMUX JECET roJIMHa y yaconucuma ca uMmakt ¢paxropom ca SCI mmcre, ogqaocHo SCle
JHCTe.

According to Article 8, the following applies: The supervisor must have references in the
scientific or artistic field to which the topic of the doctoral dissertation or doctoral artistic project
belongs and must meet other requirements outlined in the Standards. Additionally, the supervisor
must fulfill the following supplementary criteria within the educational-scientific or educational-
artistic field: - For the field of technical-technological sciences, the supervisor must have at least
five publications in the past ten years in journals with an impact factor listed in the SCI or SCIE
indexes.

Obpasnoxcere/Justification:
[Ipernemom nmocraBibeHe nokyMeHTanuje, Komucuja yTtBphyje nma je mpemiokeHu MEHTOpP Jp
Maja Typk Cekynuh nucnyHuo cBe npaBUIHUKOM Je(PUHICAHE YCIIOBE 32 MEHTOPCTBO.

Upon reviewing the submitted documentation, the Commission determines that the proposed
supervisor, Dr. Maja Turk Sekuli¢, has fulfilled all the requirements for supervision as defined
by the regulations.

Jla 11 meHTOp HcnywaBa yciaoBe?/ Does the supervisor meet the requirements?
JA/YES HE/NO

V.1 buorpadwuja menrtopa (2) (mo 500 peun)/ Biography of Supervisor (2) (up to 500 words):

Hp bopuc bpkuh je nayunu caBetHuk Ha MHCTHTYTY Brocenc. Umxkemep je elIeKTpoTeXHUKE ca
OCHOBHMM M JOKTOPCKUM CTyJaWjamMa 3aBpIIeHMM Ha YHuBep3utery y JluBepmyiy, Ha
JlemapTMaHy 3a €JEKTPO-UH)KEHEPUHI U eJNeKTpOHMKY. Iberoa CTpydyHOCT IOKpHBa
cUMyJanuje, Iu3ajH, pa3Boj M MMIUIEMEHTAIM]y MOPTaOMIHUX MaceHUX crhekTpomerapa. Jlp
Bbpkuh je paano xao HayuHu capaaHuk Ha YHuBep3utety y Jlusepmymny ox 2007. go 2015. u xao
rinaBHu npojektHu meHayep y Q Technologies Ltd ox 2015. o 2017. YV oBom nmepuoay je 6uo
YKJbYYEH y HUCTPaKHMBamke U Pa3B0Oj NOPTAOMJIHMX MAaCeHMX CIIEKTpoMeTapa ca MeMOpaHOM
(MIMS) 3a nmerexkToBame JaKO HCHapsbUBUX opraHcka jemumema (VOC) ca mpumMeHoMm y
o0JylacTMa 3alITUTE UBOTHE CpeluHe, jaBHe Oe30enHocTH U eHepreTtuke. Y 2017. r. nonasu y
Wuctutyr buoCeHc rne je ¢gopmupao cBOj THM 3a MCTpaKUBamba M3 O0JIACTH OAPKHUBE
MOJbONIPUBpEIE, 0€30€JTHOCTH XpaHe U 3alITUTE KUBOTHE CPEIUHE.

Tokom BuIIEroauuImbe Kapujepe, BOAUO je YKynmHO 10 HayyHO-UCTpakKMBAYKUX IpOjeKaTa Koju
Cy YKJbyUMBAJIM 2 CpIICKa HalmoHayiHa mpojekTa (/loka3 konuenta u Ilpusma), 2 HanuoHanHa
npojekra y Benukoj bputanuju (EPSRC), 4 EVY npojexra (FP7, H2020 u Horizon Europe) u 2
UHAYCTpHjcKa NpojekTa Koja cy ¢uuaHcupanu British Petroleum, British Gas, Chevron,
ConoccoPhillips, ENI u Royal DSM. Hberosu npojexktu y Uncturyty bruoCeHnc ykibyuyjy:

1. EnviLife — Sustainable environmental monitoring and prediction of pollutants
spread, Serbian Science Fund, Prisma, GA 7335, 2024 - 2026, ykynaH Oy1ier:
283.473,40 EUR, xoopanHaTOp mpojeKTa

2. iMERMALID - Innovative solutions for Mediterranean ecosystem remediation via
monitoring and decontamination from chemical pollution, HORIZON-MISS-2022-
OCEAN-01-03, GA 101112824, 2023 - 2026, ykynan 6yuer: 7.893.477,50 EUR,
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koopauHarop uctpen buoCenca
3. PROTEIN - Personalized nutrition for healthy living, H2020-SFS-2018-1,
GAS817732, 2018 - 2022, ykynan Oyner: 6.999.472,50 EUR, koopauHaTop ucnpen
buoCenca
4. Water quality monitoring in aquaculture using portable mass spectrometry, Serbian
Innovation Fund, Proof-of-concept, GA 5362, 2020 - 2022, yxyman oyuet: 20.000,00
EUR, koopauHaTop mpojexra
VY cBojoj xapujepu, [dp bpkuh je o6jaBuo ykymao 91 mybnwkanujy ykieydyjyhu 35 pamoBa y
MehyHapoOHMM dYacomucuMma, Kao H OpojHe pamoBe o00jaBjbeHe Ha MehyHapogHUM
koH(pepenuujama. Ox pagoBa y yaconucuma, oojaBuo je 3 pama M2la+ kareropuje, 11 pagosa
M21a xateropuje, 17 panoBa M21 kareropuje u 4 paga M22 xareropuje. AKTUBaH j€ yUECHUK
Ha MPECTIKHUM HayYyHUM KOH(epeHIrjama U3 00JacTh MaceHe CIEKTPOMETPHje Kao HITO Cy
ASMS u Pittcon.

Dr. Boris Brki¢ is a Scientific Advisor at the BioSense Institute. He is an electrical engineer,
having completed both his undergraduate and doctoral studies at the University of Liverpool,
Department of Electrical Engineering and Electronics. His expertise encompasses simulation,
design, development, and implementation of portable mass spectrometers. Dr. Brki¢ worked as a
research associate at the University of Liverpool from 2007 to 2015 and as a Senior Project
Manager at Q Technologies Ltd from 2015 to 2017. During this period, he was involved in
research and development of portable membrane inlet mass spectrometers (MIMS) for the
detection of volatile organic compounds (VOCs) with applications in environmental protection,
public safety, and energy sectors. In 2017, he joined the BioSense Institute, where he established
his research team focusing on sustainable agriculture, food safety, and environmental protection.
Over his career, Dr. Brki¢ has led a total of ten research projects, including two Serbian national
projects (Proof-of-Concept and Prisma), two national projects in the United Kingdom (EPSRC),
four EU projects (FP7, H2020, and Horizon Europe), and two industry-funded projects supported
by British Petroleum, British Gas, Chevron, ConocoPhillips, ENI, and Royal DSM. His BioSens
projects include:

1. EnviLife — Sustainable Environmental Monitoring and Prediction of Pollutants
Spread, Serbian Science Fund, Prisma, GA 7335, 20242026, total budget: €283,473.40,
project coordinator.

2. iMERMAID - Innovative Solutions for Mediterranean Ecosystem Remediation via
Monitoring and Decontamination from Chemical Pollution, HORIZON-MISS-2022-
OCEAN-01-03, GA 101112824, 2023-2026, total budget: €7,893,477.50, BioSens
coordinator.

3. PROTEIN - Personalized Nutrition for Healthy Living, H2020-SFS-2018-1, GA
817732, 2018-2022, total budget: €6,999,472.50, BioSens coordinator.

4. Water Quality Monitoring in Aquaculture Using Portable Mass Spectrometry,
Serbian Innovation Fund, Proof-of-Concept, GA 5362, 2020-2022, total budget:
€20,000.00, project coordinator.

In his career, Dr. Brki¢ has published a total of 91 publications, including 35 papers in
international journals, as well as numerous papers presented at international conferences. Among
the journal papers, he has published 3 papers in the M21a+ category, 11 papers in the M21a
category, 17 papers in the M21 category, and 4 papers in the M22 category. He is an active
participant in prestigious scientific conferences in the field of mass spectrometry, such as ASMS
and Pittcon.

V.2 Pedepeniie MeHTOpa U3 Hay4dHe 00J1aCTH K0jOj MpHIaga TeMa JOKTOpCKe Aucepraruje/
Supervisor’s references in the scientific field relevant to the doctoral dissertation topic:
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P. ayTopH, HAcIOB, Yaconuc, BOJyMeH (TojuHa) Opoj crpanuma oxa-io0, DOI wumu | kareropuja/
op./No | ISBN/ISSN/ Authors, title, journal, volume (year), page numbers from—to, DOl or | category
ISBN/ISSN

Brki¢, B., France, N., Giannoukos, S., & Taylor, S. An optimised quadrupole
mass spectrometer with a dual filter analyser for in-field chemical sniffing of
volatile organic compounds. Analyst, 143(15) (2018), 3722-3728.
https://doi.org/10.1039/C8ANO00742A

M21

Armakovic, S., Ili¢, D., & Brki¢, B. Design of novel membranes for the efficient
separation of bee alarm pheromones in portable membrane inlet mass
spectrometric systems. International Journal of Molecular Sciences, 25(16)
(2024), 8599. https://doi.org/10.3390/ijms25168599

M21

1li¢, D., Vuji¢, D., Buljov¢i¢, M., Zivandev, J., Sikoparija, B., & Brki¢, B.
Beekeeping breakthrough: Unveiling hive health with a portable membrane inlet
3. mass spectrometry detection method. Environmental Science and Pollution M21
Research, 31(45) (2024), 56610-56620. https://doi.org/10.1007/s11356-024-
34957-5

Jaksi¢, M., Mihajlovi¢, A., Vuji¢, D., Giannoukos, S., & Brkié¢, B. Membrane
inlet mass spectrometry method for food intake impact assessment on specific
4. volatile organic compounds in exhaled breath. Analytical and Bioanalytical M21
Chemistry, 414(20) (2022), 6077-6091. https://doi.org/10.1007/s00216-022-
04165-0

Giannoukos, S., Brki¢, B., & Taylor, S. Direct analysis and monitoring of
organosulphur compounds in the gaseous phase using portable mass spectrometry.
Analytical Methods, 11(38) (2019), 4882-4889.
https://doi.org/10.1039/C9AY01540G

M21

V.3 VcnoBu nedpuHMcCaHM 3a MEHTOpa y CKiIamy ca [lpasunuma OOKMOpPCKuUx cmyouja
Ynusepsumema y Hosom Cady 3a obimacT Kojoj mpuraga gokTopcka aucepanuja/ Conditions
defined for the supervisor in accordance with the Rules of Doctoral Studies of the University of
Novi Sad for the scientific field relevant to the doctoral dissertation:

[Ipema unany 8, cienu: MeHTop Mopa umatu pedepeHile U3 HaydHE, OJHOCHO YMETHUYKE
o0nacTi Ko0jOj Mpumaja TeMa JOKTOPCKE JucepTaluje, OJHOCHO JIOKTOPCKOT YMETHHUYKOT
MpojeKTa M UCHymaBaTu Jpyre yciose u3 Cranmapna. MeHTop mMopa na ucnymana cienehe
JOMYHCKE KPUTEPUjyMe Y OKBUPY 00pa30BHO-HAYYHOT, OJHOCHO 00pa30BHO-YMETHUYKOT M0Jba:
- 32 M0JbE TEXHUYKO-TEXHOJIOUIKUX HayKa MEHTOpP MOpa UMaTH HajMame NET pajioBa 00jaBJbeHUX
y MPETXOJHUX JIECeT TOJMHa y yaconucuma ca uMnakT ¢akropom ca SCI mucre, ognocHo SCle
JUCTE.

According to Article 8, the following applies: The supervisor must have references in the
scientific or artistic field to which the topic of the doctoral dissertation or doctoral artistic project
belongs and must meet other requirements outlined in the Standards. Additionally, the supervisor
must fulfill the following supplementary criteria within the educational-scientific or educational-
artistic field: - For the field of technical-technological sciences, the supervisor must have at least
five publications in the past ten years in journals with an impact factor listed in the SCI or SCIE
indexes.

Obpasznoocerme/Justification:

[Ipernenom nocraBibeHe NOKyMeHTanuje, Komucuja yTrBphyje na je mpemiokeHd MEHTOp Jp
Bbopuc bpkuh ucnyHmno cse npaBUIHUKOM AeUHUCAHE YCIOBE 32 MEHTOPCTBO.

Upon reviewing the submitted documentation, the Commission determines that the proposed
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supervisor, Dr. Boris Brki¢, has met all the requirements for supervision as defined by the
regulations.

Ja 1u menTop ucnymwana yciaoBe?/ Does the supervisor meet the requirements?
JA/YES HE/NO

VI 3AK/bYYAK/ CONCLUSION

Tema je mnonodona/The topic is JAA /YES HE /NO
appropriate

Kanauaar je nono6an/The candidate JAA /YES HE /NO
is suitable

MenTopu cy nonooHu/The JA /YES HE /NO
supervisors are suitable

Obpasnoxcere 0 nooooHocmu meme, kanouoama u meumopa (0o 500 peuu)/ Justification of the
appropriateness of the topic, candidate, and supervisor (up to 500 words):

Ha ocnoBy mperxomno usnoxkeHor, Komucuja 3akpydyje 1a je TpeajokeHa Tema JOKTOPCKE
TUcepTalnrje moJao0Ha 3a u3pamy, Aa je KaHauaaTkuma Jlapua Mnuh ucnyHmiia cBe mpomnucaHe
YCIIOBE 3a MpHjaBy TeMe, Kao U Jla MPEUIOKEHU MEHTOPHU Y MOTITYHOCTH UCITYHhaBajy YCIIOBE 3a
MEHTOPCTBO HaJ U3PaAJIOM IMPEIUIOKEHE JOKTOPCKE TUCEepTalHje.

Komucuja Ha OCHOBY OBOT 3aKJbydKa
MNPEIJIAXKE

Hayuno-nactaBHOM Behy dakynrera TeXHUYKUX Hayka YHuBep3utera y Hosom Cany na
MPUXBATU TEMY 3a U3pady AOKTOPCKE TUCEpTaIije MO/ HACIOBOM:

AMBUJEHTAJIHU MOHUTOPHUHI' ATMOC®EPE ITYEJIMIBUX KOIITHULIA
INPUMEHOM ITPEHOCUBE MACEHE CHHEKTPOMETPHUJE

Kanaunatkumwa Jlapuwa WMnwmh, mact. WHX. 3alIT. XHB. Cpel., 33 CTHIAHkE HAYYHOT CTereHa
ookmopa mexHuukux Hayka. Komucuja Takohe mpemiaxke Ja ce 3a MEHTOpE OBE JOKTOPCKE
nucepTanyje umMenyjy: ap Maja Typk Cekynuh, penosuu npodecop, u ap bopuc bpkuh, HayuHu
CaBETHUK, 003UPOM J1a HCITyHhaBajy CBE 3aKOHCKE U JIPYyTre YCIIOBE.

Based on the foregoing, the Commission concludes that the proposed topic of the doctoral
dissertation is appropriate for development, that the candidate, Daria Ili¢, has fulfilled all
prescribed requirements for submitting the topic, and that the proposed supervisors fully meet
the conditions for supervising the preparation of the proposed doctoral dissertation.

On this basis, the Commission
RECOMMENDS

to the Academic Council of the Faculty of Technical Sciences, University of Novi Sad, to
approve the topic for the doctoral dissertation entitled:

AMBIENT MONITORING OF BEEHIVE ATMOSPHERE USING PORTABLE MASS
SPECTROMETRY

Candidate: Daria Ili¢, M.Sc. in Environmental Engineering, for the attainment of the academic
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degree of Doctor of Technical Sciences. The Commission also recommends that the supervisors
for this doctoral dissertation be appointed as: Dr. Maja Turk Sekuli¢, Full Professor, and Dr.
Boris Brki¢, Principal Research Fellow, as they meet all legal and other required conditions.

Mecro u natym/ Place and date: Hoeu Can/Novi Sad, 17.10.2025.

[p Jenena Pagonnh, penosuu npogecop/Dr. Jelena
Radonig¢, full professor
, ipenceanuk/ chair of the

committee

JIp Musbana Ipuna, pegosau mpodecop/ Dr.
Miljana Prica, full professor
, wiad/member of the

committee

Hp Aparan Anamosuh, penosau mpodecop/Dr.
Dragan Adamovi¢
, wan/member of the

committee

Hp Ay6paska Munuh, penosau npodecop/Dr.
Dubravka Mili¢, full professor
, wian/member of the

committee

Hp Tarjana lllonesuh KayzaceH, Hay4Hn caBEeTHHUK/
Dr Tatjana Solevi¢ Knudsen, principal research
fellow,

, wian/ member of the

committee

Jlp VBana Muxajnosuhi, penosau npodecop/Dr.
Ivana Mihajlovié¢, full professor

, wian/ member of the

committee

HAIIOMEHA: Ynau xomucuje xoju He dicenu 0a nomnuwie Usgewmaj jep ce He cuajice ca Muul/berbem
sehune unanoga Komucuje, Oyicam je 0a yHece y uzgeuwimaj oopasiodxicerbe 00HOCHO pasioze 3602 Kojux He
JHcenu 0a nomnuuie U38eUmaj u 0a UCmu NOMmnuuLe.

NOTE: A commission member who does not wish to sign the report because they disagree with the
opinion of the majority of the commission members is obliged to include in the report a justification, i.e.,
the reasons for not signing the report, and must sign the report, nonetheless.




