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Mpepamer: Monb6a 3a noKpeTare NOCTynKa 3a CTUlake 3Batba UCTPaXKMBay-CapagHUK

Ha ocHoBy ucnyweHoCcTH ycnosa npegsuheHux MNpaBUAHMKOM O CTULAY UCTPAXKUBAYKUX U

Hay4YHUX 3Bakba, MPOMNUCAHOr 04, CTpaHe pecopHor MwuHucTapctea, monum HayyHo Behe

MHcTuTyTa 3a ¢M3MKy y beorpagy Aa nNokpeHe NocTynak 3a moj M36op y 3Barbe UCTparkuBay
CapagHuK.

Y npunory gocras/bam:

1,

MoTnucaHu 3axTeB KaHAMAATA 32 NOKPeTakbe NOCTYMKa;

Muwsere pykosoauoua nabopaTtopumje ca npeanorom komucuje Koja he nucatu
nssewTaj. Komucnja Tpeba aa ce cacToju oA HajMmakse TPU YnaHa y HayYyHOM Unun
HacTaBHOM 3Batby, Npu Yemy 6ap jeaaH Huje, a 6ap NONOBUHA jecTe 3anocneHa y
UHCTUTYTY;

KpaTtka cTpyyHa 6uorpadumja kaHgmaata (oo 1 ctpane);

KpaTak npernea Hay4yHe akTMUBHOCTM KaHauaaTa (4o 1 ctpaHe);

Cnucak objaB/beHUx pagosa v gpyrux nybaukaumja, passpcraH no saxehum
Kateropujama nponucaHum MpaBunHUKOM;

MoTBpAa 0 ynucaHMM LOKTOPCKUM CTYAMjaMa;

MoTepAa 0 NPOCEKY Ha OCHOBHUM M MacTep CTyaujama (aunaoma unum ysepere o
Aunaomupamby), Koju mopa 6uTn Behu og 8;

MNoTBpAa 0 NpujaB/LEHOj TEMU [OKTOPCKE AucepTaumje. 3a KaHaMOATe KOju Cy Ha
OOKTOPCKUM cTyanjama Ha Pusnykom dakyntety YHusepsuterta y beorpagy mosxe
ce NPUNOXKMTU NOTBPAA Aa je Tema AucepTaumje ogbparbeHa Ha Konernjymy
AOKTOPCKMUX CTyauja. 3a KaHauaaTe ynucaHe Ha aApyrum ¢akyntetuma Tpeba
NPUNOXKUTK NOTBPAY oaroBapajyher Tena pakyntera, notspay dakynterta nnm
noTBpAy YyHUBEpP3UTET];

Konuje obja/beHnx pasosa u apyrux nybaunkaumja (sep3suje us yaconuca, 360opHuka
ancTpakara, uTa.).

C nowToBakeM,
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JeneHa Mutuh

MUcTpaxnsay NpuUnpaBHUK
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Hayunom Behy MHcTuTyTa 32 PH3uKy y beorpany

beorpan, 23. maj 2025. ronune

Mpeamer: Mumuseme pykosoauona Jnaboparopuje o usbopy Jenene Muruh y
3Balb€ UCTPAXUBAY CapaJHUK

Jenena Mutiih je 3anocsiena y JlaGoparopuju 3a pusuKy KuBOTHE cpeuHe HCTUTyTa 32 QU3HKY
y Beorpaxy ox nmemem6pa 2022. roamue. JlokTopcka aucepramuja Konerunune Mutuh mox
Ha3MBOM . MICIIMTHBame pa3IMuUTUX CLIEHApHja 3a MPOLEHY PU3UKA IO 31paBJbe JbYH YCIEN
u3jlaramba IOTEHIMjaJJHO TOKCHYHMM €JeMEHTHMa M  IOJHIMKIHYHUM  apoMaTHYHUM
YIJbOBOJIOHMIIMMA M3 3eMJbHINTA ca JernoHuja y Cpouju™ je mpuxsahena 3a uspaly O CTpaHe
HacraBHo-HayuyHor Beha Xemujckor (akyirera YHuBep3uteTa y beorpaay moa MEHTOPCTBOM
np Jly6paske Penuh, Banpeane npodecopke Xemujckor paxyirera Yuusepsurera y beorpany u
ap Tujame Munuhesuh, Bume nayune capaguune HHcTHTYTa 3a Qu3uky y beorpany. Y
Joca/ialbeM anraxosaty Jenena Mutuh je o6jaBria jesian HayqHH Pajly 4acomUCy KaTeropuje
M21, 1 ydecTBOBaIa Ha JIBE HAIMOHAJIHE U jeIHOj MehyHapOIHO] KOH(DEPEHIHU]H.

C 0063upom j1a ucnymana cBe yciose npeasuhene IIpaBUIIHUKOM O CTHIAbY UCTPAKHUBAYKUX U
HAy9HHX 3Balba, CArjlacaH caM ca TOKpeTameM IOCTynmKa 3a u3bop Jenene Mutuh y 3Bame
MCTpaXUBAY CapaJHHK.

3a u36op Jemene Mutnh y 3Bambe HCTpaXuBad CapaJHHK IPETAXeM KOMHCH]Y Y cienehem
cacTaBy:

1) np Tujana Munuhesuh, Buina Hayuna capaguuua, MHcTuTyT 32 Qusuxy y beorpaay
2) 1p Mupa Annunh Ypouesuh, Hay4sa caBeTHuIa, MHCTHTYT 3a pusuky y beorpay
3) np Jly6paka Penmh, Banpemna npodecopka, Xemujcku axynareT YHHBEp3UTETa Yy

beorpany
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Jip 30paH MHJHh BHIIIH Hay'{ U capaHUK

Pykosouiar Jlaboparopuje 3a QH3HKY )KMBOTHE CPEIHHE




Buorpaduja

JeneHa Mutuh (poheHa hophesuh) je poheHa y MNupoTy, rae je 3aBpluMIa OCHOBHY LUKOAY U
TMMHa3ujy - BUANHIBANHM CMep (MaTeMaTUYKM CMep Ha CPNCKOM U (pPaHLYyCKOM je3uKy).
OcHOBHe aKagemcKke ctyguje Ha Xemujckom dakyntety YHuBepsuTeTta y beorpagy ynucana je
wKoncke 2017/2018. roamHe, Ha CTyAMjCKOM nporpamy Xemuja >KMBOTHE cpeauHe, a
annnommpana je 2021. rognHe ca npocedyHom oueHom 8,09. 3aBpLlHM pag nog HAC/OBOM
,RBanuteT ambujeHTanHor sasgyxa Cpbuje y ogHOCY Ha caZip)kaj MakKpo M MUKpoesemeHaTa
NnpouereH NaCMBHUM BMOMOHUTOPUHIOM, cTyanja 2020“ ogbpaHuna je ca oueHom 10. MacTep
akaZemcke cTyauje ynucana je wkoncke 2021/2022. rogmHe Ha Xemujckom dakyntety
YHuBep3uTeta y beorpagy, Ha cTyamjckom nporpamy Xemuja KMBOTHe cpeamHe. Mactep
aKagemcKe ctyamje je 3aspwuna 2022. rognHe ca npoceyHom oueHom 9,25. 3aBpiHK macrtep
pag nog HacnoBoMm ,In vitro eKCTpaKkLMja enemeHaTa M3 y3opaka MajumHor mieka” oabpaHuna
je ca oueHom 10. [JoKTOpCKe aKkagemcKe cTyauvje ynucana je wkoncke 2022/2023. roauHe Ha
Xemmnjckom dakyntety YHuBep3uteTa y beorpagy, Ha cTygmjckom nporpamy Xemuja. MNonoxumna
je cBe wucnute npeasuheHe nNAaHOM WM NPOrPaMOM [LOKTOPCKMX aKaAeMCKUX CcTyauja ca
npocekom oueHa 10,00. O aeuembpa 2022. roanHe 3anocseHa je y JlTabopatopuju 3a GU3nKy
MBOTHE cpeanHe Ha UHCTUTyTy 3a Pu3mky y beorpaay, MHCTUTYTY 04, HaLMOHANHOr 3Havaja 33
Penbybauky Cpbujy, Kao uctpaxkmsay npunpaBHUK. Oa Taga, noxahana je pasnmuute cTygujcke
KypceBe W paguoHuue u3 obnactm xemuje »usotHe cpeaunHe: ,Water Workshop 2023“,
,Organic soil amendments impact on soil organic matter and nutrient characteristics and
dynamics” pagnonuua, ,IMPTOKS paauonuua: Navigating the Invisible Currents — Micro and
Nanoplastics' Water Odysseyand”, n “TpeHUHr 3a nucatbe uaeja npojekata, PoHaa 3a HayKy
PC”, paguoHuua ,, PFAS y Cpbuju: TpeHYTHO CTarbe, HayYHM M perynaTtopHu 1M3asosu u byayhu
Kopaumn®“. YuyectBoBana je Ha ABe HaUWMOHaNHe KoHoepeHuuje ,EnviroChem 2023” wn 9.
KoHdepeHumja mnagmx xemuyapa Cpbuje”, u jegHoj mehyHapoaHoj koHdepeHumju ,,Advances
in Solid State Physics and New Materials®“. Kao unaH Tuma, yyectBoBana je Ha 6unaTepasHOM
npojeKkty ca ®akynteTom 3a arpoHOMMUjy U npexpambeny nHayctpujy (Animal and Functionality
of Animal Products Unit Research — UR AFPA, National Superior School of Agronomy and
Alimentary Industries — ENSAIA, INRAE), YHuBep3uTeT y JlopeHu, HaHcu, PpaHuycka (337-00-
93/2023-05/10), y okBupy nporpama ,Masne Casuh“, y oKBUPY KOT je noceTuna YHUBepP3nuTeT y
JNopeHun. YnaH je opraHmnsaumoHor ogbopa , The International Association for Biomonitoring of
Environmental Pollution— IABEP 2025“ mehyHapogHe KoHdepeHuuje Koja he ce ogpatu y
beorpaay, okTobpa 2025. roanHe.



IIpersiea HayyHe AKTUBHOCTH

UcrpaxxuBauku pan Jenene Mwutuh, mpBEHCTBEHO j€é YCMEpPEH Ha HMCTpakuBamy y o0JacTu
XeMHje J)KMBOTHE CpEIMHE M TPOICHY PU3MKa IO 37paBJbe JbyIU HAa OCHOBY KOHIICHTpaIlWja
OpraHCKMX W HEOPraHCKWX 3araliBada y y3opiuMa )KHBOTHE CpeinHe. Y OKBHPY HCTPaXKHBamba
3a BeH 3aBPIIHM Paj, MCIUTHBaNA je 3araheme Ba3ayxa y3 momoh MaxoBHHA, a HA3UB 3aBPIIHOT
pana rmacuo je: ,Kpamurer amOujeHTanmHor Basgyxa CpOuje y OJHOCY Ha cajpikaj Makpo U
MHUKpOEJeMeHaTa MPOIECHhEeH MaCHBHUM OMOMOHUTOpUHTOM, cryauja 2020, 3a macrep Tesy,
UCIHTUBAJNA je OMONPHCTYITayHe KOHIICHTPAIIKje eieMeHaTa U3 y30paka XyMaHOT MJIeKa, a Ha3uB
Tese je ouo: ,,In Vitro ekcrpakiyja eeMeHaTa U3 y3opaka XxymaHor mieka“. Jlo cama ce 6aBuia
IPUMEHOM MacHBHOI OMOMOHUTOPUHTA Ca MaxOBHHAMa 3a MPOIeHY 3aral)eHOoCTH Ba3ayxa, Kao u
IPUMEHOM IN VItro mMeroja 3a MpOIEHY PEecOpIIUje TOKCUYHUX M KaHIIEPOI'CHUX eJIeMeHaTa y
racTpO-WHTECTUHAIHOM TpPAKTy YOBEKAa M NPOIEHY pPU3WKa 0 JbYACKO 37paBjb€ Ha OCHOBY
KOHIIEHTpaLHje 3araljyjylux cyncTaHny u3 ;usotHe cpenune. [loxahana je pasmmuute Kypcese
U paAMoOHMIE W3 OOJACTH XEMHje JKMBOTHE CpeIuHe. YYecTBOBaJla je Ha J(BE HAIMOHAJHE
koH(pepenuuje ,,EnviroChem 2023” u ,9. Kondepenunja miuagux xemuuapa Cpbuje”, u Ha
jennoj melhyyHapoaHoj kondepennuju ,,Advances in Solid State Physics and New Materials”.

dokyc BeHE TPEHYTHE HayYHE aKTUBHOCTH j€ Ha MCIUTHBAaBY yTHIlaja 3aralyyjyhux cyncranuu
U3 3eMJBMINTA Ca pa3jMYUTUX THUIIOBA JEMOHHWja Ha 3/ApaBibe JbyaAu. IbeHo ucTpakuBame
oOyxBata onpehuBame caapkaja moreHuujasHo TokcuyHUxX — enemenata (IITE) wu
MOMUIMKINYHUX apoMaTH4YHUX YriboBoHUKa (ITAY) y y3opumma 3emspuimiTa ca JAeNoHHja, U
MPOIeHY PH3UKa MO 3ApaBJbe JbYAU KOJU MOTY OUTH XPOHHYHO M3JI0)KEHH OBHUM CYyIICTAaHIIaMa.
Taxole, 6aBu ce u in Vitr0 cUMyJIaIliijoM racTO-MHTECTUHAIHOT TpaTka, y3 moMoh koje mona3u
710 OMoMpHUCTyNayHUX KOHIIEHTpalja, Koje omoryhaBajy mpoleHy peasHor pu3uKa 1Mo 37paBibe
Jbynu. BbeHo ucrpaxkuBame 0 OMOMPUCTYMAUYHOCTH U PU3UKY MO 37paBibe paHHKa y MOJbY ca
3eMJBHINTA JUBJBUX JICMOHUja Yy TOJHONPUBPEIHUM IMOAPYYjUMa, IMOA Ha3uBoMm ,,The oral
bioaccessibility of potentially toxic elements of illegal landfills’ soil and health risk assessment
for field workers”, o6jaBibeHo je y yaconucy Chemosphere.



Cnucak nybaunkauuja
JeneHa Mutuh (poheHa hophesuh)
M21 - PapoBsu ny6ankoBaHu y BpXyHCKom mehyHapoaHOM yaconucy:

1. Miti¢, J., Reli¢, D., Pucarevi¢, M., Stoji¢, N., Strbac, S., Ninkov, J., Miliéevi¢, T. 2025. The
oral bioaccessibility of potentially toxic elements of illegal landfills” soil and health risk
assessment for field workers. Chemosphere, 373, 144173.
https://doi.org/10.1016/j.chemosphere.2025.144173

CaonuwTera ca mehyHapogHor ckyna wrtamnasa y ussogy (M34)

1. Milicevi¢, T., Anici¢ UroSevi¢, M., Miti¢, J., Popovi¢, M., Aéimovi¢, J., Popovié, A.,
Samson, R. Saturation Isothermal Remanent Magnetization of Grapevine Leaves as a
Proxy for Environmental Pollution. Advances in Solid State Physics and New Materials,
Book of Abstracts, 19-23th May, 2025, Belgrade, Serbia, p. 178.

CaonwTera ca CKyna HaLlMOHANHOr 3Ha4aja WTamnaHo y ussoay (M64)

1. Milicevi¢, T, Pordevié J., Herceg Romanic, S., Dojcinovi¢, B., Matek Sari¢, M., Popovi¢, A.,
Reli¢, D. The element concentrations in human milk samples from Croatia and in vitro
bioaccessibility assay. 9™ Symposium Chemistry and Environmental Protection
,EnviroChem?2023” with international participation, Book of Abstracts, 4-7t" June, 2023,
Kladovo, Serbia, p. 149-150.

2. DPordevic, J., Pucarevi¢, M., Stoji¢, N., Mili¢evi¢, T. Human health risk assessment based
on the element concentrations in landfills' soil. 9" Conference of Young Chemists of
Serbia, Book of Abstracts, 4™ November 2023, Novi Sad, Serbia, p. 88.
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Y Beorpaay, 22. 5. 2025. roguHe

Ha ocHoBy unaHa 29. 3akoHa o onwTeM ynpaBHOM MOCTYNKY U cryx6eHe eBuaeHUmje nsgaje ce

YBEPEWE

Jenena (OejaH) Muruh, poheHa 10. 9. 1998. rogmHe y mecty Mupor, onwtuHa Mupot, Peny6nuka Cpbuja, 6poj uHaekca
[0X17/2022, ynucaHa je wkorncke 2024/2025. rognHe Ha CTyAMW|CKU MporpaMm AOKTOPCKUX akagemckvix ctyauja Xemwuja, ykynHor obvma 180
ECIB, kao cTyAeHT Koju ce omHaHcupa n3 byyera.

CTyQeHT je npBu MyT ynucaH Ha HaBedeHu CTyaujcku nporpam wkoncke 2022/2023. roguHe. Mo cTaTyTy BUCOKOLLKOSICKE yCTaHOBE
cTyauje Tpajy 6 cemecrapa, ogHOCHO 3 roamHe. Pok 3a 3aBpLueTak CTyauja jecTe ABOCTPYKO Tpajarse cTyauja.

YBepere ce n3aaje Ha NUYHU 3axXTeB CTyAeHTa.

e BYCOKOLLKOICKe ycTaHoBe

Ple Fampud—

Bophe Mempuh




Penydnuxa Cpduja

Yuusepsuiiiei y beoipagy
Ochupay: Peidydnuxa Cpduja
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YB Hosvony sa pag dpoj 612-00-02666/2010-04 og 12. oxidodpa 2011, ﬁ -'."-i’% % (:é
fogune je usgano Muruciapciino fipocoetiie u nayxe Pefydnuxe Cpduje ﬁ,}w ////
: ik ke 5 LD L
Xemujcku paxyniieii, beoipag .

Ocnusay: Peiyonuxa Cpduja
Hossony sa pag dpoj 612-00-00725/2010-04 og 27. geyemdpa 2010.
ingune je usgano Munuciiapceiso apocseiie Peiiydnuxe Cpduje

Jenena, [lejan, Hophesuh

polera 10. ceniiemopa 1998. iogune, [Tupoi, PeitySnuka Cpduja, yiucana wikoncke
2017/2018. iogune, a gana 28, cediiemdpa 2021. iogune 3ABPULUTIA je OCHOBHE aKagemcke
cltyguje, UpBoi ciieiiena, Ha Cilygujckom apoipamy Xemuja wusotire cpegumre, oduma

240 (gsecimia yetmipgecei) dogosa ECIIE ca apoceutom oyerom 8,09 (ocam u 9/100).

Ha ocrnosy iioia usgaje joj ce 0Ba guiinoma o cilie4eHoOM BUCOKOM oépaaosmby U CUAPYHHOM HA3UBY

GUUNOMUPAHU XeMUuH4ap

Bpoj: 13159100
Y Beoipagy, 28. geyemdpa 2021, iogune
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Peitydnuika Cpouja
Vuusepsuiiem y beoipagy

Ocnusay; PeaySnura Cpduja
Jlossony sa pag dpoj 612-00-02666/2010-04 og 12 oxiiodpa 2011,
YB foguwe e usgano Munuctiapetiiso dpocsedite u Hayke Pedydnune Cpduje
Xemujcku paxyniiei, beoipag
Ocnunay: Peiiydnuxa Cpouja
Jlossony sa pag dpoj 61 92.00-00725/2010-04 og 27. geuemdpa 2010.
iogune je usgano Mupucidapemino dpocsedie Peitybnuke Cpouje

Jenena, Jejan, Bophesuh

pohena 10. ceamemdpa 1998. iogune, [Tupoili, Peilydnuxa Cpduja, yiucana wkocke
2021/2022. fogure, a gana 15. ceamiemopa 2022. ioguHe 353pu4’ma je macitiep akagemcke
ciliyguje, gpyioi clieitena, Ha CULygujckom upoipamy Xemuja MUBOTTHE CpeguHe,
oduma 60 (wesgeceir) dogosa ECIIB ca ipoceHom oyeHom 9,25 (gese;ﬁ u 25/100).
Ha ocrosy itioia u3gaje joj ce 08a guiinoma 0 CiieHeHoM BUCOKOM o5pa308a;by U aKAGeMCKOM HASUBY

maciiep xemu4ap

Bpoj; 14513600 _
Y Beoipagy, 29. geyemdpa 2022, ioguse

Hexan
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00145471
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Ha ocnoBy unana 46, Craryra Xemujckor dakymrera u uianosa 20-22. IlpaBunnuka o

TRV .o, 1 e

HayuHo Behe Xemujckor axyirera je nana 9. 5. 2025. roxune noneso cnenehy

OdJJVYVKY
Ynan 1.

lIpuxBara ce npujasa Teme 3a U3pany NOKTopcke aucepranuje Jesene (Mejan) Murtuh, macrep
XeMHUYapa, noji HacJOBOM:

»AcnuruBame pasanaurux CUEHApHja 32 NPOUEHY PH3HKA 110 3ApaBJbe JbyIH yCJIe] U3Jarama
MIOTEHIHjAJTHO TOKCHYHUM eJIeMeHTHMA 1 HOIMIMK/IHYHUM APOMATHYHHM YI/bOBOAOHUIIMMA U3
3eM/bHUITA ca Jenonuja 'y Cpouju“

Ynan 2.

Mmenyje ce Komucuija 3a OLICHY Hay4HE 3aCHOBaHOCTH Teme: Ap JyGpaska Pennh, Banpeuu
npoecop Yuusepsurera y beorpany — Xemujckor akynrera, ap Tujana MuauheBuh, Bumm nayunu
CpalHUK YHuBep3uTera y beorpany — Mucruryra 3a ¢usuky, ap Aaexcangap Ilonosuh, pEeIOBHU
npodecop YHusepsurera y Beorpany — Xemujckor dakyrera.

Unan 3.
[pencenuux KOMHCH]j€, Ha OCHOBY MHUIILJbEHA WIAHOBA KOMHCH]je, Y poKy ox 30 naHa O/ JaHa
MMCHOBaka IMOJHOCH H3BEWITAj O HAy4YHO] 3aCHOBAHOCTH TeMe AOKTOpCKe auceprauuje Hacrasho-
Hay4yHoM Behy Ha pasmarparme.

Ynan 4.
WsBewTaj komucuje ce craspa Ha YBUJl jaBHOCTH 06jaB/bUBabEM Ha MHTEPHET CTpaHULU
®akynrera HajMamwe 10 naHa lipe cennuue Beha na kojoj ce pasmarpa.

Ynan 5.
Onnyxa cryna Ha CHary JaHoM JIOHOIIIEIbA.

UitaH 6.
Onnyky nocraBuTi unanouma Komucuje, AOKTOpaHTy u ApxuBu Dakynrera.

JNEKAH XEMHICKOT (DAKSQTETA

npo%?ﬁp Topan Pornuh
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The oral bioaccessibility of potentially toxic elements of illegal landfills’
soil and health risk assessment for field workers

Jelena Miti¢ “®, Dubravka Reli¢ ", Mira Pucarevi¢©, Natasa Stoji¢ “®, Snezana Strbac ‘@,
Jordana Ninkov “®, Tijana Milicevi¢

& University of Belgrade, Institute of Physics Belgrade (Environmental Physics Laboratory), National Institute of the Republic of Serbia, Pregrevica 118, 11080, Belgrade,
Serbia

Y University of Belgrade, Faculty of Chemistry, Studentski trg 12—16, Belgrade, Serbia

¢ EDUCONS University, Faculty for Environmental Protection, Vojvode Putnika 87, 21208, Sremska Kamenica, Serbia

d University of Belgrade, Institute of Chemistry, Technology and Metallurgy, Njegoseva 12, 11000, Belgrade, Serbia

€ Institute of Field and Vegetable Crops, National Institute of the Republic of Serbia, Maksima Gorkog 30, 21101, Novi Sad, Serbia

HIGHLIGHTS GRAPHICAL ABSTRACT

e Potentially toxic elements (PTEs) were
investigated in illegal landfills’ soil.

e Bioaccessibility of the PTEs was assessed . fpe
by using in vitro UBM test. et ) : :

e The highest bioaccessibility —was ﬁ
observed for Cu at 40.54%, in the gastric

phase.

HQualues of the analyzed PTEs  CR values of the analyzed PTEs
3

cu
Ni Zn

A p.

Ni

@

o Increased carcinogenic risk for field MBS ehietalues st (ChBaacEasinle s of e
workers near illegal landfills was oo M fomn -
observed. dormal contact “ \ »
e Based on the oral bioaccessible PTE
concentrations, there is an increased
risk for field workers.
ARTICLE INFO ABSTRACT
Handling editor: Patryk Oleszczuk Based on their adverse impact on the environment and human health, landfills represent one of the biggest
environmental issues. In this study, the soil samples (two depths, 0-30 and 30-60 cm) from 6 illegal landfills
Keywords: located in the agricultural areas in the Autonomous Vojvodina (AP) Province in Serbia were investigated to assess
gf{)‘léuted soil the bioaccessibility of potentially toxic elements (PTEs: As, Cd, Co, Cr, Cu, Ni, Pb, and Zn) and health risk for
s

field workers. All PTEs, except Pb, in some of the studied soils exceeded the threshold value (TV) prescribed by
Human health risk the national regulation. To assess their bioaccessibility, in vitro gastrointestinal test, the Unified BARGE Method
Oral exposure (UBM), was used. The UBM test simulates the three phases of the gastrointestinal tract: saliva (S), gastric (GE),
Agricultural environment and intestinal (IE) by the appropriate fluids. For most of the analyzed PTEs, higher concentrations were extracted
in the gastric (GE) phase due to the acidity of the fluid. The bioaccessibility of the investigated PTEs does not
exceed 50%, and the highest bioaccessibility from the soil was observed for Cu (40.54%). The workers’ health
risk assessment (WHRA) indicated no high risk (HI < 1) for developing non-carcinogenic illness for workers in
agricultural fields, while there was moderate carcinogenic risk based on both pseudo-total (R = 2.60 x 10~°) and
bioaccessible (R = 1.58 x 10~°) concentrations. The highest influence on the workers’ health has oral exposure
to the soil (HI,: 8.82 x 1072 > HIg: 9.24 x 1073 > HI;: 1.09 x 1073 Ry: 1.89 x 107° > Rg: 6.97 x 107 > R;:
3.86 x 10’8). Utilizing Both scenarios, the worst-case scenario and the “more realistic” based on bioaccessible

UBM test

* Corresponding author. University of Belgrade, Institute of Physics Belgrade, Environmental Physics Laboratory, Serbia.
E-mail address: tijana.milicevic@ipb.ac.rs (T. Milicevic).

https://doi.org/10.1016/j.chemosphere.2025.144173
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concentrations, showed that exposure of the field workers to these soil samples has adverse effects on their

health.

Abbreviations

PTE - potentially toxic element
PTEs -  potentially toxic elements
TV - threshold value

S- saliva

GE - gastric extraction

IE - intestinal extraction

WHRA - workers’ health risk assessment
BARGE - BioAccessibility Research Group of Europe

UBM -  Unified BARGE Method

AP - Autonomous Province

ICP-OES - Inductively Coupled Plasma-Optical emission
spectrometry

C- concentration

EF - exposure frequency

ED - exposure duration

IRing -  ingestion rate

IRinh - inhalation rate

RBA - risk-benefit assessment

CF - conversion factor

BW - body weight

AT - average exposure time

PEF - particulate emission factor

SA - exposed skin area

AF - soil adherence factor

ABS - fraction of the applied dose absorbed across the skin
CDI - Chronic daily intake rate

RID - Reference dose

CSF - carcinogenic slope factor

GIABS - gastrointestinal absorption factor
HQ - hazard quotient

HI - hazard index

CR - carcinogenic risk

R- total carcinogenic risks

1. Introduction

Comunal landfills are the easiest and most economical way to
manage waste, thus they represent the most common places worldwide
for waste disposal (Karimian et al., 2021; Wang et al., 2022). Anyhow,
the open waste disposal poses adverse effects to the environment and
human health. The emerging environmental problem is generating
illegal (wild) landfills that are not controlled and that usually are located
near houses, playgrounds, agricultural areas, and rivers. Municipal solid
waste in landfills (both communal and illegal) includes household,
agricultural, medical, and industrial waste that contains various toxic
and dangerous substances.

Potentially toxic elements (PTEs), such as As, Cd, Co, Cr, Cu, Ni, Pb,
and Zn, due to their persistence, represent one of the most significant
problems in landfills (Karimian et al., 2021). Humans can be exposed to
PTEs through inhalation, ingestion, or dermally (Thongyuan et al.,
2021; Vongdala et al., 2019). Their bioaccumulation in human tissues
can adversely affect the functions of the nervous, cardiovascular,
endocrine, and immune systems (Karimian et al., 2021).

PTE influences on human health are frequently studied in the past,
and the health effects of most of them are known (Kabata-Pendias and
Mukherjee, 2007). Arsenic may cause cardiovascular and respiratory
diseases. Cadmium can cause renal damage and hypertension. Chro-
mium, especially Cr®*, leads to liver and kidney failure and anaemia.
Copper toxicity disrupts cellular functions, contributing to oxidative
stress and Wilson’s disease. Nickel exposure can result in developmental
and neurological effects. Lead is associated with neurological damage,
anaemia, and impaired mental development, especially in children. In-
crease of Zn concentrations can cause gastrointestinal issues, such as
diarrhoea and fever. Long-term exposure to the increased concentrations
of As, Cd, Cr, and Ni may cause the development of the cancer
(Kabata-Pendias and Mukherjee, 2007). Thus, continuous monitoring of
PTE concentrations and human health risk assessments are necessary to
obtain safe living and working environments and to protect human
health (Vongdala et al., 2019). Human health risk assessment is a
method for determining the probability of adverse effects (carcinogenic
and non-carcinogenic) on human health that may affect the wider
population in case of exposure to harmful chemicals (RAIS, 2013).

The ingested amount of a certain PTE from soil is not equal to the
amount that reaches the human bloodstream. Calculating the risk based
on the pseudo-total concentrations may represent the overestimation of
the risk (Intawongse and Dean, 2006; Guan et al., 2023), while assess-
ment of health risk based on the bioaccessible PTE fractions may
represent the “more real” risk assessment. The most important factors
influencing bioaccessibility include the source of contamination, phys-
ical and chemical properties of the soil, chemical form, and solid phase
distribution of the analyzed element (Billmann et al., 2023). Bio-
accessibility refers to the fraction of the pollutant, soluble in digestive
fluids, that represents the maximum amount of pollutant available for
intestinal absorption (Wragg et al., 2011). In vivo bioaccessibility assays
are long-term, expensive, and require ethical permissions, while in vitro
are cost-benefit, less time-consuming, strictly controlled, and have a
significant correlation with the results obtained in vivo (Qian et al.,
2024; Denys et al., 2012). Currently, various in vitro bioaccessibility
assays that simulate oral bioaccessibility are in use (Wragg et al., 2011;
Xiao et al., 2024). The bioaccessibility test developed by the Bio-
Accessibility Research Group of Europe (BARGE), known as the Unified
BARGE Method (UBM), simulates three phases of the gastrointestinal
tract and it was validated by the in vivo tests (Billmann et al., 2023;
Wragg et al., 2011; Denys et al., 2012), thus this method was chosen in
our study as appropriate for the PTE oral bioaccessibility assessment.

Until now, various studies investigating PTEs at landfills have been
published (Adelopo et al., 2018; Barbieri et al., 2014; Bartkowiak et al.,
2016; Critto et al., 2003; Hiller et al., 2024; Karimian et al., 2021;
Obiri-Nyarko et al., 2021; Osibote and Oputu, 2020). Most of the studies
investigated the human health risk caused by the municipal solid waste
landfills (Adelopo et al., 2018; Hiller et al., 2024; Karimian et al., 2021;
Obiri-Nyarko et al., 2021; Osibote and Oputu, 2020). Finally, only a few
tests have been conducted on illegal landfills to assess the potential
human health risks associated with humans’ exposure to the soil of
illegal landfills (Besta-Gajevi¢ et al., 2022; Strbac et al., 2024; Wang
et al., 2022). The only research on the bioaccessibility of PTE from
municipal solid waste landfill soil was conducted by Hiller et al. (2024).
However, according to the available literature, no study has yet inves-
tigated in parallel the health risk assessment for field workers near
illegal landfills, oral bioaccessibility and bioaccessibility-corrected
health risk of PTEs. Thus, the aims of this study are to assess the



J. Miti¢ et al.

health risk for field workers (agricultural producers working at the field
during the vegetation season of fruits, vegetables, and crops) near illegal
landfills. By using the UBM assay, the bioaccessibility of the PTEs from
the illegal landfill soils in AP Vojvodina was studied. The worst-case
scenario and the more-real risk (bioaccessibility-corrected) for field
workers were assessed.

2. Material and method
2.1. Study area

Soil samples from six locations in Autonomous Province (AP) Voj-
vodina, the northern part of the Republic of Serbia, were investigated.
Vojvodina is very rich in fertile land that covers 1.6 million ha, which
constitutes 90% of its territory (Agribussines, 2024). Out of a total of 1.6
million ha of the agricultural area in Vojvodina, 91.13% is used as arable
land, 7.13% for meadows and pastures, 1.05% for fruit plantations,
0.36% for kitchen gardens, 0.31% for vineyards, and 0.03% for nurs-
eries. On arable land, the most represented are cereals 66.58% (of which
wheat is 33.83% and grain maize is 62.52%), industrial crops 23.66%
(of which sunflower is 48.47% and soya is 47.92%), and sugar beets
4.48%. On fruit plantations, the most represented continuous fruits are
77.97% (Republican Bureau of Statistics, 2024).

The soils of the Autonomous Province (AP) Vojvodina are extremely
susceptible to wind erosion due to the region’s physical and geograph-
ical characteristics, including its flat topography, lack of forest cover,
intensive agriculture, and wind patterns. Vojvodina is the least forested
region in Europe, with only 6.37% forest cover, rendering its landscape
an agrarian desert (Baumgertel et al., 2019). Agriculture is the largest
global employer, particularly in developing countries. In Serbia, with a
total population of 6,623,183, the agricultural sector involves 1,157,319
people in the workforce (Republican Bureau of Statistics, 2024).

2.2. Sampling sites and sample collection

Soil samples were collected from 6 illegal landfills (L1, L2, L3, L4, L5,
and L6) located in the vicinity of agricultural areas in the Vojvodina
Province (Fig. 1). The locations were identified using the Register of
Illegal Landfills of the AP Vojvodina, managed by the Provincial
Secretariat for Environmental Protection of AP Vojvodina. At each

investigated landfill, five subsamples were collected from two depths
(topsoil 0-30 cm and subsoil 30-60 cm layers). Given the relatively
small surface areas of the observed illegal landfills, subsamples were
systematically collected as follows: one from the centre of the landfill
(with surface waste removed, if present, before sampling) and four from
the landfill periphery, aligned with the cardinal directions (north, east,
south, and west), in the nearest areas not covered by waste material. The
investigated soils surrounding the illegal landfills are predominantly
calcareous, exhibiting an alkaline reaction. The coordinates of sampling
sites were determined by GPS and are given in Table S1.

Landfill L1 is located near Beocin (Fig. 1). In its surroundings, there
are several manufacturers (producing mechanical equipment, concrete,
and animal food). It is located along a dirt road, surrounded by arable
land. The distance from the road and some manufacturers is about 200
m. Landfill L2 is located near Bukovac (Fig. 1). It is located next to a dirt
road, surrounded by arable land. The nearest object of unknown purpose
is located about 100 m from it, while it is about 250 m from the company
that produces carpentry. Landfill L3, with waste scattered over a larger
area, is located next to the Lali¢ (Fig. 1). It is located next to a dirt road,
surrounded by arable land. Landfill L4 is located near Mandelos (Fig. 1),
close to the road, surrounded by arable land, about 100 m from the
stream. The distance from the village is about 500 m. Landfill L5 is
located near Radenkovi¢ (~1 km) (Fig. 1). It is surrounded by dirt roads
and arable land. The nearest house is about 200 m away. Landfill L6 is
located near Jamena (Fig. 1). It is scattered over a larger area, located
along the road, surrounded by arable land. The nearest houses are
located at a distance of about 200 m, while the Sava River is about 800 m
away.

2.3. Sample preparation and chemical analysis of PTEs

2.3.1. Pseudo-total PTE concentrations

Soil samples were dried at room temperature. Each soil sample was
gently sieved through a 2 mm sieve (in accordance with ISO 11464,
2006) and placed in paper bags. From each sample of sieved soil, 0.4 g
was measured for further analysis for pseudo-total PTE concentrations.
The pH value was determined in 1 M KCl soil suspension by the
potentiometric method (ISO 10390, 2021). The free CaCO3 content was
determined by the volumetric method (ISO 10693, 1995). Organic
matter content was measured using the Tyurin method (Shamrikova
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Fig. 1. Sampling sites of analyzed soil of illegal landfills in AP Vojvodina. L1 — Beocin, L2 — Bukovac, L3 — Lali¢, L4 — Mandelos, L5 — Radenkovi¢, L6 — Jamena.
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et al., 2022). Total organic carbon (TOC) was determined by elementary
analysis (CHNSO VarioEL III) after dry combustion (ISO 10694, 1995).
Cation exchange capacity (CEC) was determined by ammonium acetate
(Chapman, 1965). The sieved soil samples (0.4 g) were then digested by
7 mL of 65% HNO3 and 2 mL of 30% H305 using a microwave digestion
system (ETHOS 1, Advanced Microwave Digestion System, MILESTONE,
Italy). Samples were diluted to a volume of 50 mL with deionized water.
The PTEs (As, Cd, Cr, Co, Cu, Ni, Pb, and Zn) concentrations were
determined by Inductively Coupled Plasma — Optical Emission Spec-
trometry (ICP-OES system Thermo iCAP 6500 Duo). The instrument was
calibrated before each set of measurements. Samples were analyzed in
triplicates. The blanks and certified soil reference materials (BCR-141R)
were used for method validation. The procedure used to detect soil PTE
concentrations was relatively accurate; the relative standard deviation
was less than 5%, and the recovery percentages were within 90-110%.
More details for the analytical technique of analysis of the pseudo-total
PTE concentrations are given in a previously published paper by Strbac
et al. (2024).

2.3.2. In vitro bioaccessibility assay

For bioaccessibility assessment, each soil sample was gently sieved
through a 250 pm sieve. From each sample, 0.6 g was measured to
simulate gastrointestinal extraction using the Unified Barge Method
(UBM) (Roussel et al., 2010). The simulation consisted of three steps: the
mouth, stomach, and small intestinal cavities. The mouth phase repre-
sents the saliva solution (S). The ‘stomach’ phase (GE) begins after the
removal of the supernatant released by extraction with a saliva solution,
adding the stomach fluid consisting of gastric juice. The “intestine” (IE)
phase begins after removing the supernatant released in the GE phase
and adding an extraction solution consisting of duodenal juice and bile
(Wragg et al., 2011). After simulating all three phases, the samples were
diluted with distilled water, acidified with concentrated HNO3 and then
analyzed on an inductively coupled plasma optical emission spectrom-
eter (ICP-OES system Thermo iCAP 6500 Duo). All the samples were
analyzed in triplicates, the blanks were measured, and the calibrations
of ICP-OES for the analyses of saliva, gastric, and intestinal soil extracts
were done by the matrix matching method with annulling the effects of
the matrix to the element determination. As there are not any available
certified reference materials for the UBM bioaccessibility method, we
used certified reference materials (ERM CC135a Sample 102, Soil
ground SARM 42 SAVM, BCR 143R, 2711a Montana II) that have
certified values for pseudo-total or total PTE fractions, and % of bio-
accessible concentrations are shown in the supplementary material
(Table S2).

2.4. Data analysis and human health risk assessment

Statistical analyses were performed using SPSS software version 21
for Windows and Statistic 8 (Stat Soft Inc., Tulsa, OK, USA). The data
normality (p < 0.05) was tested by applying the Kolmogorov-Smirnov
test. The Mann-Whitney U test was applied to determine differences in
the PTE concentrations between two soil layers. Advanced Principal
Component Analysis (PCA biplot) was used to indicate associations be-
tween the PTEs and physico-chemical parameters of the investigated
soil. The Friedman test (p < 0.05) was used to compare the concen-
trations between saliva, gastric (GE), and intestinal (IE) phases. The
descriptive statistics were given in tables and shown with boxplots. The
outliers and extremes were identified on the boxplot. The bio-
accessibility of PTEs was assessed by the following Equation:

. o Chi i
Bioaccessibility (%) — bioaccessible 10 D)

'pseudo—total
The PTEs with Reference doses (RfD) and Cancer slope factors (CSF)
were used to assess health risk for field workers. Chronic daily intake
rate (CDI), non-carcinogenic (HQ - hazard quotient; HI — hazard index)
and carcinogenic (CR) and total carcinogenic risks (R) were calculated

using the exposure scenario models (RAIS, 2013). To assess the health
risk for field workers, the models developed by the US Environmental
Protection Agency (RAIS, 2013) were used, but they were adapted to the
conditions of work in the field, specifically for agricultural producers
(working in the field during the vegetation season of fruits, vegetables,
and crops). This model of workers’ health risk assessment was adapted
previously for the workers in the agricultural areas (Milicevic et al.,
2018a). Pseudo-total concentrations were used to calculate the total risk
(oral + inhalation + dermal) of PTEs for the health of field workers,
while bioaccessible concentrations were used to calculate a more real-
istic oral risk.

Humans could be exposed to PTEs through the following routes: (1)
ingestion, (2) inhalation, and (3) dermal contact. Equations (2)-(4) were
used to determine the chronic daily intake (CDI) of PTEs via these
exposure routes in order to enable an assessment of the health risk for
field workers (Reli¢ et al., 2019; Obiri-Nyarko et al., 2021).

_ C/Cy x EF x ED x IR, x RBA x CF

CDIo = AT < BW 2)

. CXIRinhXEFXED
CDIinh — =X Ninh X 28 X 20 3
M= "BW x AT x PEF 3

C x EF x ED x SA x AF x ABS x CF
DI =
CDIderm AT < BW ()]

CDI,, CDIjpp, and CDIgery are the chronic daily intake of PTEs via
ingestion, inhalation and dermal contact (mg kg™ day™1); C is pseudo-
total concentration of PTEs in landfills soil (mg kg ™1); Gy is bioaccessible
concentration of PTEs in landfills soil (mg kg 1); IR, is the ingestion rate
(mg dayfl); RBA is relative bioavailable fraction; EF is the exposure
frequency (day yr~1); ED is the exposure duration (yr); BW is the body
weight of the exposed individual (kg); AT is the average exposure time
(day); CF is the conversion factor; IRj,, is inhalation rate (m® day_l);
PEF is the particulate emission factor (m® kg™1); SA is exposed skin area
(em?); AF is soil adherence factor (mg cm 2 day~1); ABS is the fraction of
the applied dose absorbed across the skin. Table S3 shows the parame-
ters and the corresponding values used to calculate the CDI of the PTEs
via the different exposure pathways.

Based on CDI values, carcinogenic and non-carcinogenic health risks
for field workers were calculated. The non-carcinogenic HQ for each
PTE and all routes of exposure was first determined using the appro-
priate Equations (5)-(7). To estimate the overall potential non-
carcinogenic health hazard, all HQs were summed and expressed as a
HI (Equation (8)). For PTEs capable of causing carcinogenesis, the CR
was calculated by multiplying the CDI with the corresponding values to
produce the carcinogenic risk for that PTE and for that route of exposure
(Equations (9)-(11)). The total carcinogenic risk (R) was determined as
the sum of all CR values (Equation (12)).

CDIo

HQo =

Qo RfDo (5)

. CDIinh
HQinh =g ink ©)
CDIderm
HQderm = o o~ GIABS 2
HI=XHQ = HQo + HQinh + HQderm (8)
CRo = CDIo x CSFo (C)]
CRinh = CDIinh x CSFinh 10)
CSFo

CRderm = CDIderm x GIABS 11
R=ZXCR = CRo + CRinh + CRderm 12)
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The RfD (mg kg~! day™!) refers to the reference dose; CSF (kg day
mg™1) to the carcinogenic slope factor; GIABS — to the gastrointestinal
absorption factor. These values are shown in Table S4. According to
USEPA (2001), there are no non-carcinogenic health hazards if HI < 1,
but if HI > 1, there may be a concern for potential human health haz-
ards. The range of acceptable total carcinogenic risk for regulatory
purposes is 1.0 x 107%t0 1.0 x 107*. In regulatory terms, R < 1.0 x
107 represents virtual safety, and R > 1.0 x 10~* indicates a potentially
great risk (Huang et al., 2019). In the absence of CSF values for the other
analyzed PTEs, the carcinogenic risk was calculated only for As, Cd, Cr,
Ni, and Pb. For the purposes of this study, for health risk assessment, the
values for Cr®t were used (1/6 of pseudo-total and bioaccessible
concentration).

Also, the ratio between HQo and HQo-bioaccessible was calculated
(Equation (13)).

Hi Qo—bioaccessible

HQ(%) = x 100 13)

3. Results and discussion
3.1. Potentially toxic elements in soils of the illegal landfills

3.1.1. Pseudo-total concentrations of PTEs in illegal landfills soil

Across all locations, the chemical properties vary slightly between
the topsoil (0-30 cm) and subsoil (30-60 cm) layers, but the overall
trends remain consistent. pH values range from 6.88 to 7.78, indicating
neutral to slightly alkaline soil conditions. The highest pH values were
observed at landfill L3, while the lowest were measured at landfill L5.
Calcium carbonate (CaCO3) content also varies significantly, from as low
as 0.92 at L5 (0-30 cm) to 24.26% at L1 (30-60 cm). The sites with
higher CaCOj3 levels suggest a calcareous nature of the soils in these
areas. Organic matter content ranges from 1.47 to 3.83%. The highest
values were measured in the topsoil at L4, while the subsoil layers
generally exhibited lower organic matter content across all sites. Total
organic carbon (TOC) closely follows the trend of organic matter,
ranging from 0.85 to 2.22%. Cation exchange capacity (CEC) shows
wide variation across the sites, ranging from 27.25 to 74.28 meq 100g
~1. The highest CEC was observed at L3 (0-30 cm), likely linked to
higher organic matter content and soil texture. Observing the descrip-
tive statistics (Fig. 2; Table S5), it can be seen that the median concen-
trations of PTEs (mg kg ™!) decrease in the following order: Cr > Ni > Zn
> Cu > Pb > Co > As > Cd (Fig. 2). Two soil samples from landfill L3
have extreme concentrations of As (Fig. 2). Concentrations of As
(Fig. S2; Table S5) in other samples do not exceed the threshold value for
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Fig. 2. Pseudo-total PTE concentrations (mg kg™ ') in the soil from illegal
landfills. Box plots represent the range of these concentrations, asterisks
represent extreme values, while circles represent outliers.

soil (TV) (Official Gazette of the RS, 30/2018 and 64/2019). The highest
concentrations of As are present at landfill L2 (Fig. S1). In our study, As
concentrations were higher compared to the concentrations measured in
most landfills from Table S6. In the literature, besides the geogenic
origin of As in the soil of the Balkan Peninsula (Dangi¢ and Dangic,
2007), an additional increase in the total concentrations may be a
consequence of the fuel combustion and agricultural activities, such as
treatment with pesticides, fertilizers, sludge, and manure
(Kabata-Pendias and Mukherjee, 2007; Poznanovi¢ Spahic et al., 2019).
Cadmium concentrations exceed the TV in all analyzed samples from
landfills (Fig. S2; Table S5), and some outliers and extremes originate
from landfills L3, L4, and L6 (Fig. 2). The highest concentrations of Cd
are present at landfill L6 (Fig. S1). The concentrations of Cd in our study
are higher compared to Cd concentrations measured in half of the
studies in Table S6, while they are lower compared to the other half of
the studies. The main sources of Cd in soil are atmospheric deposition
and P-fertilizers, but it can also originate from batteries, pigments,
coatings, and plastics (Kabata-Pendias and Mukherjee, 2007). Most of
the samples have Co concentrations higher than the TV (Fig. S2;
Table S5). The outliers (Fig. 2) originate from landfill L3, while the
highest concentrations come from landfill L1 (Fig. S1). Cobalt concen-
trations from our study are higher compared to concentrations measured
in landfills from Table S6. The results indicate that these concentrations
may originate from anthropogenic sources such as the fossil fuel com-
bustion in machines used on agricultural land, the use of P-fertilizers,
and the disposal of various waste (spent batteries) in the landfills (Jiang
et al., 2022). The outliers of Cr concentrations were determined in
samples from landfill L1, while in the samples from landfills L1, L3, L5,
and L6 were found concentrations (Fig. 2) that exceeded the TV (Fig. S2;
Table S5). The highest Cr concentrations originate from landfill L1,
which is close to manufacturers of mechanical equipment and animal
food (Fig. S1). Wang et al. (2022) reported that 90% of landfill soil
samples worldwide exceed urban soil standard Cr values. In our study,
Cr concentrations (mg kg™ ') were several times higher compared to Cr
concentrations measured in most landfills from Table S6. It can be found
in different forms depending on whether it is used for electronic prod-
ucts, plastics, food additives, wood preservatives, batteries, and P-fer-
tilizers (Wang et al., 2022; Wu et al., 2024; Poznanovi¢ Spahi¢ et al.,
2018). It can also be found in sewage sludge used in agricultural envi-
ronments (Kabata-Pendias and Mukherjee, 2007). It is estimated that
about 30% of Cr originates from plastic packaging (Jung et al., 2006).
Therefore, it can be assumed that the mentioned sources are the reason
for such elevated concentrations of Cr at these landfills in the investi-
gated agricultural areas of the Province of Vojvodina. The outliers and
extreme concentrations of Cu originate from landfills L2, L4, and L3
(Fig. 2). Some soil samples (including outliers and extremes) from
landfills L1, L2, L3, and L4 have concentrations higher than TV (Fig. S2;
Table S5). The highest Cu concentrations originate from landfill L2
(Fig. S1). Compared to the Cu concentrations presented in Table S6, in
our research, most of the Cu concentrations were lower. Among a wide
range of uses, Cu is also used in agriculture in fertilizers and pesticides,
but it can also be found in manure, sewage sludge, and batteries
(Kabata-Pendias and Mukherjee, 2007; Oorts, 2013). It can be assumed
that these residues of fertilizers, pesticides, and other Cu-containing
products used in agricultural environments end up in such landfills
and thereby contribute to an additional increase in Cu concentrations
(Kabata-Pendias and Mukherjee, 2007). The outliers for Ni concentra-
tion (Fig. 2) are the soil samples from landfill L1, while concentrations
higher than the TV are also present in other samples from landfill L1, in
all samples from landfill L2 (except one sample), in samples from landfill
L3, and in all analyzed samples from landfills L5 and L6 (Fig. S2;
Table S5). Much higher concentrations of Ni compared to other landfills
are found at landfill L1, which is near several manufacturers (Fig. S1). In
contrast to Cu concentrations, Ni concentrations determined in this
study are higher than the amounts of this metal in most of soil samples
shown in Table S6. Nickel is used in various industries, magnetic
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components, electrical equipment, stainless steel, various tools and
vessels, batteries, P-fertilizers, and sewage sludge (Kabata-Pendias and
Mukherjee, 2007). Elevated concentrations of Ni may be a consequence
of the use of P-fertilizers as well as other Ni-containing products used in
agricultural environments (Kabata-Pendias and Mukherjee, 2007). The
Pb concentrations marked as extremes represent the samples from L1
and L2 landfills, which were sampled near the dirt roads (Fig. 2). Higher
concentrations of Pb originate from landfill L5 (Fig. S1). However, in the
investigated soil samples, concentrations of Pb are not higher than the
TV (Fig. S2; Table S5). In our study, Pb concentrations were lower than
those in most of the soil samples presented in Table S6. This could be a
consequence of the reduced use of Pb in the last decade in the Republic
of Serbia. Lead can be found in batteries, leaded gasoline residues, cable
covers, pesticides, fertilizers, and pigments (Obiri-Nyarko et al., 2021).
For Zn, the outliers originate from landfills L1 and L6, while samples
from landfills L3, L4, and L6 represent extreme values (Fig. 2), and only
these concentrations exceeded TV (Fig. S2; Table S5). The highest Zn
concentrations originate from landfill L5 (Fig. S1). The main source of
the waste in this area could be agricultural production, and the main
sources of Zn as a pollutant in the agricultural environment could be
fertilizers, pesticides, batteries, cable covers, and other waste
(Kabata-Pendias and Mukherjee, 2007; Panero et al., 1995; Obir-
i-Nyarko et al., 2021). Certain Zn concentrations are higher in half of the
studies from Table S6, while in half of the studies, they are lower
compared to the concentrations from our study. In this study, it can be
observed that all analyzed PTEs in the soil, except Pb, exceed the TV
prescribed by the national regulation (Fig. S2; Table S5). Such results
indicate the anthropogenic influence of waste on the soil in the agri-
cultural areas in Vojvodina Province. The concentrations of analyzed
PTEs differ between landfills, and no trend is observed (Fig. S1), which
may be a consequence of differences in their composition and environ-
ment. As the landfills are illegal, the composition of the landfills cannot
be known, thus the potential reasons for such results can be quite
diverse.

A comparison of the studied landfills in our study with other landfills
from different countries shows great variability in all analyzed PTEs
(Table S6). The concentration ranges mostly have partial overlap, with
the maximum/minimum values contributing to a greater difference in
values, especially for illegal landfills. The PTEs whose concentrations
are higher in our study compared to most of the mentioned studies
(Table S6) are As, Cr, Cu, and Ni (from all the mentioned studies). This
may be due to the agricultural environment of the landfills in our study,
because these PTEs are abundant in the agricultural environment (sec-
tion 3.1.1). The concentrations of Pb in our study are significantly lower
compared to most of the mentioned studies, while for Cd, Co, and Zn,
there are the variations in concentrations in the published studies, both
higher and lower than we measured in landfills’ soil (Table S6). These
differences in the concentrations of PTEs between landfills are due to the
type of waste, the type, size, surroundings, age of the landfill, and local
geology (Hiller et al., 2024).

Finally, the pseudo-total concentrations of As, Cd, Co, Cr, Cu, Ni, and
Zn in our study are in most of the investigated samples higher than TV,
thus harmful effects to the environment and human health can be
expected.

3.1.2. Bioaccessibility of PTEs from landfill soils

Bioaccessible concentrations from all phases of UBM gastrointestinal
extraction are presented in Fig. 3 and Table S7. Medians (mg kg™ ') of
bioaccessible PTE concentrations decrease in the following order: Zn
(11 mgkg™) > Cu (7 mgkg™") > Ni (1.7 mgkg ™) > As (0.5 mgkg™!) >
Co (0.4mgkg™1) > Cr (0.34 mgkg™!) > Pb (0.3mgkg 1) > Cd (0.10 mg
kg™1). This descending order of bioaccessible PTE concentrations differs
from their pseudo-total concentrations (Figs. 2 and 3). This difference
indicates that a higher pseudo-total concentration of ingested PTEs does
not necessarily mean that its bioaccessible concentration will be higher.
It depends on several factors, such as the physical and chemical
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Fig. 3. The total bioaccessible PTE concentrations (mg kg™ ') from all phases
(sum of saliva, gastric, and intestinal PTEs phases) from the landfill soil. Box
plots represent the range of these concentrations, asterisks represent extreme
values, while circles represent outliers.

properties of the landfill soil, the chemical form and solid phase distri-
bution of the analyzed PTEs (Billmann et al., 2023), as well as the
composition of extraction agents that simulate the gastrointestinal tract.

The Friedman test was used to compare the concentrations between
saliva, gastric (GE), and intestinal (IE) phases, and based on it, it showed
(p < 0.05) differences between the phases for all analyzed PTEs. The
PTE that has the highest percentage of bioaccessibility (S + GE + IE) is
Cu (Fig. 4e). In the Cao et al. (2020) study, the bioaccessible values for
Curange from 1.3% to 57.7% in the GE phase, while in the IE phase from
7% to 100%; this range is comparable with our results. In almost half of
the published studies, As bioaccessibility was below 30% in both the GE
and IE phases (Billmann et al., 2023, and references therein). The value
for bioaccessibility (%) for As in the GE phase obtained in this study does
not exceed 30%, while it is slightly higher in the IE phase (Fig. 4a). More
than half of the published studies found bioaccessible values for Pb
lower than 50% in the GE and lower than 30% in the IE phase, while for
Cd, lower than 60% in the GE phase and lower than 40% in the IE. The
bioaccessibility (%) for Pb and Cd in both phases (GE and IE) obtained in
our study (Fig. 4g-b) is significantly lower compared to other studies
that were described in the study published by Billmann et al. (2023). For
Ni and Cr, it was published that the bioaccessibility is lower than 20%
and 30% in the GE phase, while in the IE phase, it is 30% and 20%,
respectively (Billmann et al., 2023 and references therein). In this study,
the same bioaccessibility (%) was also obtained in the case of Ni and Cr
(Fig. 4f-d). The bioaccessibility varied significantly among the analyzed
PTEs and showed variance between GE and IE phases (Fig. 4). The
bioaccessibility tended to be higher in the GE phase than in the IE phase
for Ni, As, Co, Cr, Pb, and Cd. The reason for the better extraction of most
PTEs in the GE phase is the acidic stomach environment. Besides, bile
salts and pancreatin in the IE phase can lead to reabsorption and pre-
cipitation of dissolved PTEs (Guan et al., 2023). The increased bio-
accessibility of Cu and Zn in the IE compared to the GE can be attributed
to the presence of pepsin in the GE, which forms stable complexes with
Cu and Zn ions, thus reducing their bioavailability (Wu et al., 2024). The
lowest percentage of bioaccessible concentrations is released in the
saliva phase, as in this phase soil retention is the shortest. In order to
optimize soil sample preparation, this extraction step, if it is not spe-
cifically important to analyze for some specific samples, may be
excluded or combined with the gastric phase.

3.1.3. Principal component analysis (PCA) of PTE concentrations

The Mann-Whitney U test showed that there is no statistically sig-
nificant difference in PTE concentrations between topsoil and subsoil
layers, thus results from both soil layers were statistically analyzed and
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were used for human health risk assessment. This phenomenon may be
caused by the mixing of the soil layers in the surrounding area of the
landfills during agricultural activities or by the leaching of some PTE
quantities from topsoil to subsoil. Also, the soil samples investigated in
this study have been collected from 6 different locations, and the
Kolmogorov-Smirnov test indicates that the data is not normally
distributed. The PCA biplot (Fig. 5) was used to determine interaction
within the PTE concentrations in the illegal landfill soils. The pseudo-
total concentrations of the Co, Cd, Cr, Pb, and Ni grouped in one
quadrant with both positive PC loadings (PC1: 21.4 and PC2: 16.3%).
Between these PTE concentrations, significant relations were observed
(Fig. 5). The positive PC1 and high positive PC2 loadings have pseudo-
total concentrations of Cr, Co, Cd, Pb, and Ni concentrations, and their
concentrations higher than TV probably indicate the occurrence of
anthropogenic pollution at investigated locations, by both the leather
industry and cement plant (Poznanovi¢ Spahi¢ et al., 2019). Common
sources for Ni and Cr may be electrical components and sewage sludge,
while pesticides may be additional sources of As, Zn, and Cu (Wang
et al., 2022; Wu et al., 2024; Poznanovic¢ Spahic et al., 2018; Kabata--
Pendias and Mukherjee, 2007; Obiri-Nyarko et al., 2021). The use of
P-fertilizers on surrounding arable land and their disposal in landfills
(Kabata-Pendias and Mukherjee, 2007; Jiang et al., 2022; Poznanovi¢
Spahic¢ et al., 2018; Obiri-Nyarko et al., 2021) and different types of

batteries can be the source of all the above-mentioned elements on the
landfill (Kabata-Pendias and Mukherjee, 2007; Jiang et al., 2022;
Poznanovi¢ Spahi¢ et al., 2018; Obiri-Nyarko et al., 2021). In parallel,
As, Cu, and Zn pseudo-total concentrations are grouped in another
quadrant on PCA (with negative PC1 loadings), and in the same quad-
rant are grouped OM, pH, and CaCOs and TOC of soil (Fig. 5). This
implies that the mentioned physico-chemical soil parameters highly
influenced these pseudo-total concentrations in the soil. It should be
noted that at the Balkan Peninsula, the geological formations and ore
deposits may be one of the most important natural sources of As (Dangic
and Dangi¢, 2007; Milicevic et al., 2018b), especially in AP Vojvodina,
Additionally, at some sites in AP Vojvodina located near the cement
factory, the increased total As concentrations may originate from both
geogenic and anthropogenic sources (Poznanovic¢ Spahic et al., 2019),
and at the sites we investigated these elements (Cu, Zn, and As) may
have additional sources originating from agricultural practice.
Observing the PCA biplot (Fig. 5), PTEs extracted with gastric fluid
associated in the upper part of PCA with positive loadings on both PC1
and PC2. In this upper part of PCA, with positive PC2 loadings the soil
samples from L5 and L6 are grouped (Fig. 5). The largest number of
significant correlations was in the GE phase; this could be due to the
effect of better extraction of PTEs in acidic, gastric medium. In this
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quadrant, with most of the pseudo-total and gastric PTEs, is grouped
cation exchange capacity (CEC) which probably has the major influence
on the release of the PTEs in acid solutions such as HNO3 with H,O5 and
gastric fluid. As it was previously mentioned, the variation of soil CEC
probably has a major influence on the gastric and pseudo-total PTE
concentrations in the investigated soil. Significant associations were
noticed between all three gastrointestinal phases (S, GE, and IE) and
pseudo-total As concentrations (Fig. 5). These concentrations have high
positive PC1 loadings and are grouped with samples from landfill L3
(Lali¢ landfill, which is the most northern sample site in this study),
implying the higher As concentrations in this landfill soil (Fig. S2). In
this quadrant are grouped Cu, Zn, Cd, and As from the intestinal phase
and Cr, Cu, and As from the saliva phase; also in this quadrant are
grouped gastric-extracted As and pseudo-total As, Cu, and Zn (Fig. 5). As
previously stated, TOC, OM, pH, and CaCOs can affect pseudo-total
concentrations of As, Cu, and Zn. Since these physicochemical param-
eters are within this quadrant, it is possible that they also affect the
amounts of these elements that are extracted by the intestinal and saliva
extractants that are applied. Observing the PCA biplot (Fig. 5), may be
seen that only Pb extracted with saliva and intestinal fluid grouped
separately in a quadrant with negative PC1 and PC2 plots, which may
indicate that these are not aggressive enough extractants to isolate low
quantities of Pb from soil and that their isolation mechanism was
similar.

3.2. Human health risk assessment for field workers exposed to illegal
landfills soil

3.2.1. Human health risk assessment based on PTE pseudo-total
concentrations

To assess the health risk for field workers, non-carcinogenic (HQ, HI)
and carcinogenic (CR, R) risks were calculated for each of the analyzed
PTE concentrations. Three routes of exposure (oral ingestion, inhalation,
and dermal) to PTEs in the soil were assessed. The HQ and HI (Fig. 6a
and b) results represent the non-carcinogenic effects of PTEs on human
health, and the CR and R (Fig. 6¢ and d) results represent the carcino-
genic effects on human health (Tables S8 and S9). Observing the results
(Fig. 6), it can be noticed that the risk of each PTE (HQ) as well as the
total risk (HI) are notably lower than the limit value of 1 (RAIS, 2013).
Thus, the results indicate that there is no high risk to the development of
the non-carcinogenic illnesses of field workers in the surroundings of
illegal landfills. Anyhow, for most of the investigated landfills (L1, L3,
L5, and L6), HI is higher than 0.1, which indicates these locations as a
priority for detail and frequent PTEs monitoring for human health risk
and environmental implication assessments. Based on the HQ values
(Fig. 6a), the highest risk originates from Co, followed by Cr and Cd
concentrations. The highest total non-carcinogenic risk (HI) was
observed for workers near landfill L1 (near Beocin), with the exception of
two samples from landfill L3 (Fig. 6b), where the concentrations of Co
contribute the most to the increase of the field workers’ health risk. The
reason for this may be the proximity of various manufacturers in the
surroundings of their location (Fig. 1) which was in detail described in
section 2.2. For Cd, the largest contribution to the total risk comes from
oral intake (Fig. S3). The oral route of intake contributes the most to the
total non-carcinogenic risk of Co, while inhalation and dermal contact
contribute significantly less to the non-carcinogenic risk of Co (Fig. S3).
For Cr, the results also indicate that oral ingestion contributes the most
to the increase of the non-carcinogenic health hazards to field workers,
while inhalation and ingestion of Cr contribute less to the non-
carcinogenic risk (Fig. S3).

In the investigated soil, pseudo-total concentration of Ni contributed
the most to the cancer risk (Fig. 6¢). The median CR value for Ni is 1.27 x
107> which is higher than the acceptable limit of 1.0 x 10°° (RAIS,
2013). The existence of a carcinogenic risk to field workers (outdoor
workers in the agricultural fields) due to Ni exposure to the soil is
worrying. Carcinogenic risk values for As, Cd, and Cr slightly exceed the

threshold values (RAIS, 2013). The total carcinogenic risk (R), repre-
senting the sum of the carcinogenic risks, exceeds the acceptable limit,
and its median is 2.6 x 10> (Table S9). If we exclude two extreme values
from landfill L3 (Fig. 6d), the highest carcinogenic risk was observed for
landfill L1 (near Beocin; Fig. 1). The reason for this can be the proximity
of various manufacturers that can additionally increase the concentra-
tions of the carcinogenic PTEs in soils but also on the type of the waste in
the illegal landfills.

3.2.2. Human health risk assessment based on the oral exposure to PTEs
from illegal landfill soil — in vitro bioaccessibility assay

As it was shown, in the case of the worst-case scenario of human
health risk assessment, oral exposure to the PTE concentrations mostly
contributed to the increase of workers’ health risk. Thus, the oral
exposure was investigated by using an in vitro UBM bioaccessibility
assay to assess the more real oral exposure and human health risk. The
ingested content of certain PTEs is not equal to the amount that reaches
the bloodstream; by calculating the risk based on the pseudo-total
ingested PTE concentrations, the human health risk may be over-
estimated. For a more realistic assessment of the health risk, the bio-
accessible concentrations were used in risk assessment (Tables S10 and
S11).

It is observed that the HQ-bioaccessible (Fig. 7a) of the analyzed
PTEs and the total non-carcinogenic bioaccessible risk (HI-bio-
accessible) (Fig. 7b) are lower than the threshold value of 1 (RAIS,
2013). Observing HQ-bioaccessible, Co has slightly higher values than
the other investigated PTEs, followed by As, Cd, and Cu. Anyhow, some
of the investigated soil samples have As and Co HQ-bioaccessible values
(extremes in Fig. 7b) higher than 0.1 which may suggest their higher
bioaccessibility and risk than other PTEs. Similar to the HQ calculated
based on the pseudo-total concentrations, there are outliers for As
originating from landfill L3 (soil samples from the central part of the
landfill). The impact of Co on human health has already been discussed
in the previous section (3.2.1).

Although only the median of Ni CR-bioaccessible value (Fig. 7c)
exceeds the limit value of 1.0 x 10~ (RAIS, 20113) proposed for pseudo-
total and total concentrations, in some samples field workers’ health risk
exposed to the bioaccessible As and Cd from landfills soil exceeds the
limit value (Fig. 7c). CR-bioaccessible values for Ni contributed the most
to R-bioaccessible (Fig. 7d), whose median is 1.6 x 107, This value
indicates the existence of a carcinogenic risk for field workers from
bioaccessible concentrations that represent the amount of PTEs that
enter the bloodstream and can accumulate in organs and directly affect
human health.

Comparing HQ values calculated for oral intake using pseudo-total
and bioaccessible concentrations (Table S12), HQ-bioaccessible repre-
sents 8.12% of the HQ-pseudo-total for As, 1.76% for Cd, 3.34% for Co,
0.44% for Cr, 20.86% for Cu, 2.25% for Ni, 2.14% for Pb, and 16.23%
for Zn. The total oral bioaccessible non-carcinogenic risk represents
3.75% of the total oral non-carcinogenic risk (worst-case scenario). It
should be noted that the risk calculated based on the bioaccessible PTEs
fractions can be more accurate in identifying the more hazardous ele-
ments that are bioaccessible to humans and to which human exposure
should be more carefully considered. CR-bioaccessible represents 8.12%
of the CR-pseudo-total for As, for Cd 1.76%, for Cr 0.44%, for Ni 13.52%,
and for Pb 2.14%, while the total oral bioaccessible carcinogenic risk
represents 8.34% of the total oral carcinogenic risk. As the assessment of
bioaccessible risk is based only on the risk from the oral intake of PTEs, a
more sensitive scale should be developed compared to the one used for
pseudo-total concentrations.

4. Conclusion
In this study, the bioaccessible and worst-case scenario health risk for

workers in the field who are exposed to the As, Cd, Co, Cr, Cu, Ni, Pb,
and Zn concentrations in illegal landfills’ soils in AP Vojvodina were
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studied. In some of the investigated samples, all analyzed PTEs, except
Pb, exceed the TV prescribed by the national regulation. However, the
findings of the pseudo-total concentration-based health risk assessment
for field workers suggest that there isn’t presently a high risk for
developing the non-carcinogenic illnesses by exposure to PTEs, while
with long-term exposure there is a carcinogenic risk for field workers.
The results show that the highest non-carcinogenic and carcinogenic risk
for field workers mostly originates from landfill L1 (in the vicinity of
Beocin) and landfill L3 (in the vicinity of Lali¢). Bioaccessibility has large
variations between phases and analyzed PTEs. The bioaccessibility
values (medians) of the analyzed PTEs do not exceed 50%, and Cu has
the highest bioaccessibility. Higher values for bioaccessibility were
determined in the GE phase than in the IE phase for all PTEs, except Cu
and Zn. As the bioaccessibility in the salivary solution (S) is very low,
this phase may not be separate from the GE phase in further research to
optimize the analysis and sample preparation. The health risk assess-
ment for field workers based on bioaccessible PTE concentrations shows
that there is currently no high risk for developing non-carcinogenic ill-
nesses, while there is an acceptable risk of developing carcinogenic ill-
nesses. The risk from pseudo-total concentrations represents the worst-
case scenario, while the risk from bioaccessible concentrations repre-
sents a more realistic scenario. The bioaccessible concentrations of PTEs
are more realistically representative of the concentrations that enter the
bloodstream and remain in the human body; therefore, our study sug-
gests the use of bioaccessible concentrations for calculating the risk to

human health in order to avoid overestimation of health risk. The scale
for ranging the risk was developed for models using total and pseudo-
total concentrations. Therefore, a specific scale should be developed
for further research on risk assessment based on bioaccessible concen-
trations. The long-term exposure to PTEs from the landfill soils may
cause carcinogenic adverse effects to the health of field workers. Finally,
the studies like this may be the first step in making the priorities to
sanitise the illegal landfills that were developed by the local commu-
nities and that may adversely affect their health. The awareness of the
health risks associated with pollution exposure should be increased to
prevent the creation of harmful illegal landfills near areas where people
live, work, or grow food.
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Landfills represent the simplest and cheapest way of waste management, however, this
way of waste disposing significantly contributes to environmental pollution [1]. Among
landfills, special attention should be paid to illegal landfills located in agricultural areas.
In addition to polluting the surrounding soil, groundwater, and even the air, such landfills
lead to the pollution of the surrounding crops and thus contribute to a greater negative
impact on human health.

For our study, 6 illegal landfills from northern Serbia were analyzed and 5 samples were
taken from each landfill. The aim of our study was to assess the risk to human health due
to inhalation, oral or dermal intake of contaminated soil from landfills. Both
carcinogenic (R) and non-carcinogenic risk (HQ) were investigated. The following
potentially toxic elements (PTES) were analyzed: As, Cd, Co, Cr, Cu, Ni, Pb, Zn and Hg.
Samples were prepared by microwave digestion and the PTE concentrations were
measured by inductively coupled plasma optical emission spectroscopy (ICP-OES).

The results showed the following order of HQ levels (median) of PTEs in landfills' soil:
Pb (5.49E+02) > Cr (3.21) > Ni (2.93E-01) > Co (1.61E-01) > Hg (9.37E-02) > As
(1.10E-02) > Cu (2.97E-03) > Cd (2.28E-03) > Zn (8.62E-04). These values show that
there is a high risk of damage to the brain and central nervous system due to chronic
exposure to high concentration of Pb, in addition to other diseases that can occur due to
the synergistic toxic effect of other PTEs. For carcinogenic risk values (median), the
order is as follows: Cr (8.01E-04) > As (2.90E-06) > Pb (4.22E-07). The results show
that there is a medium to high risk to human health because of the chronic exposure to
soil from landfills in agricultural areas. The potential non-carcinogenic risks followed
the order of inhalation > ingestion > dermal absorption, but the order of exposure routes
for carcinogenic risk was ingestion > dermal absorption > inhalation.
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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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Abstract. Magnetic particulate matter (PM) monitoring can be realized by magnetic parameters’
determination. The magnetic parameters’ measurements can represent the alternative method for
identification of PM and potentially toxic elements (PTE) pollution in the environmental studies.
Determination of magnetic parameters such as saturation isothermal remanent magnetization (SIRM)
has been described as cost-effective, sensitive and non-destructive method for PTE pollution assessment
which allows fast screening of magnetic PM pollution over large areas [1, 2]. Content of SIRM on leaf
surface (an indicator of current pollution) was assessed in agricultural areas (conventional and organic
vineyards). Main aim of our study [3] was to explore whether SIRM can be a proxy for magnetic PM
pollution and associated potentially toxic elements (PTES) in agricultural areas. Saturation isothermal
remanent magnetization may represent a reliable proxy for assessing the ambient PTE pollution in the
agricultural environment, and there were some differences between the distributions of SIRM
throughout the grapevine season [3]. The leaf SIRM could pinpoint site-specific pollution in the
vineyard ambient, suggesting that grapevine leaves can be used as biomonitors of PTE ambient
pollution and leaf SIRM as a reliable representation for magnetic PM and some PTES. The advanced
principal component analysis showed that leaf SIRM was associated with PTEs of those sampling sites
where higher concentrations were observed (near a metal foundry in a conventional vineyard and
parcels not surrounded by the natural barriers and near the river in an organic one). Measurements of
SIRM parameter can be recommended as user-friendly, fast and eco-sustainable techniques for
determining magnetic PM and PTE pollution hotspots in agricultural ambient as pre-screening before
more detail PTE pollution research.
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