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Na osnovu &lana 64 Statuta Univerziteta Crne Gore, a u vezi sa Clanom 34 stav 1 Pravila doktorskih studija,
Vijece Prirodno-matematiékog fakulteta je na Xcv sjednici od 21.02.2023.godine utvrdilo

PREDLOG ODLUKE
0 imenovanju komisije za ocjenu prijave doktorske disertacije
|

Imenuje se komisija za ocjenu prijave doktorske disertacile pod nazivom “Procjena zdravstvenog rizika

unosa teskih metala voéem i povréem u industrijskom podrugju ~ studija slucaja- Plievlja, Crna Gora”
kandidatkinje Nevene Cupara u sliede¢em sastavu:

1. Prof. dr Slobodanka Pajevi¢, redovni profesor Prirodno-matematiékog fakulteta
Univerziteta u Novom Sady (nauéna oblast: Biologija, Ekologija, Fiziologija biljaka,
Ekofiziologija biliaka), predsjednik:

2. Prof. dr Miljan Bigovi¢, vanredni profesor na Prirodno-matematickom fakultetu
Univerziteta Crne Gore (nauéna oblast: Organska hemija, Organska sinteza, Hemija
Zivotne sredine), &lan;

3. Prof. dr Dijana Burovi¢, docent na Univerzitety Donja Gorica (nauéna oblast: Analititka
hemija, Bezbjednost hrane) &lan;

aspekti ) i

5. Prof. dr Sladana Krivokapi¢, redovni profesor Prirodno-matematic‘&kog fakulteta

Univerziteta Crne Gore, mentor (nau¢éna oblast: Bilogija, Botanika, Fizioloska
ekologija).
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ISPUNJENOST USLOVA DOKTORANDA

OPSTI PODACI O DOKTORANDU

Titula, ime, ime
roditelja, prezime
Fakultet Prirodno - matematicki fakultet

Mr Nevena, Miroljub, Cupara

Studijski program Biologija
Broj indeksa 1/19

NAZIV DOKTORSKE DISERTACIJE

Procjena zdravstvenog rizika unosa teskih metala vocem i povréem u
industrijskom podrugju — studija slucaja: Plievlja, Crna Gora
Health risk assessment of heavy metal intake by fruits and vegetables in

Na sluzbenom jeziku

Na engleskom jeziku the industrial area - case study: Pljevlja, Montenegro

Nauéna oblast Fizioloska ekologija/7astita Zivotne sredine

MENTOR/MENTORI
Pﬁano-matematﬁéld
fakultet, Univerzitet Biologija/Botanika/
Crne Gore, Crna Fizioloska ekologija
Gora
Metalursko- Faltita Siv
tehnoloskifakultet, ASIA Zh ()tlf.l.ﬁ‘ »
. i sredme/hemuskl i

Univerzitet Crne Y - :

° i i tehnoloski aspekti
Gore, Crna Gora
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biljaka/EkoﬁzioIogija
biljaka

Dr Sladana
Krivokapi¢, redovni
profesor

Prvi mentor

Dr Irena Nikoli¢,
redovni profesor

Drugi mentor

Prirodno-matematicki
fakultet, Univerzitet u
Novom Sadu, Srbija

Dr Slobodanka Pajevi¢, redoynj profesor,
predsjednik

Iakulter za
prehrambenu
tehnologiju,
bezbjednost hrane i
ckologiju, Univerzitet
Donja Gorica, Crna
Gora
Pritodno-matematicki
fakultet, Univerzitet
Crne Gore, Crna
Gora
Metalursko-
tehnoloskifakultet,
Univerzitet Crne
Gore, Crna Gora
Prirodno-matematicki
fakultet, Univerzitet

Analiti¢ka
hemija/bezbijednost
hrane

Dr Dijana Durovig, docent, ¢lan

Organska
hemija/organska

sinteza/hemija  Zivotne
sredine

Dr Miljan Bigovi¢, vanredni profesor, ¢lan

Zasdtita Zivotne
sredine/hcmi}ski i
tehnoloski aspekd

Biologija/Botanika/
Fiziologka ckologija

Dr Irena Nikoli¢, redovni profesor, ¢lan,
komentor

Dr Sladana Krivokapié, redovni profesor,
¢lan, mentor
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Crne Gore, Crna
Gors

:';S_'jcd:r.j:i:(:a'-senata na kojoj je data saglasnost na ocjenu téme i
kandidata

‘Dostavljanja doktorske disertacije or_ganjzacionaj jedinici __?ij 10.02.2023,

16.02.2021.

saglasanost thentora S
Sjednica: Vijeca: organizacione jedifiice. na kojoj - je. dat .
‘prijediog #a imenovanje komisija: za: pregled i ocjeny | 21.02.2023.

torske disertacije

U skiadu sa ¢anom 38 pravila doktorskih studija kandidat je cjelokupna i -dio sopstvenih
istm%_i_vanja vezanih za doktorsku disertaciju publikovao u Casopisu sa SCI/SCIE liste ko prvi
antor.

Spisak radova doktoranda iz, oblasti doktorskih studija koje je publikovao o &aso

1. Nevena Cupara, Ircna Nikolié, Dijana Durovic, Ivana Milasevic, Datko Medin, Sladana
Krivokapi¢, (2022). Heavy merals assessment in agricultural soils and vegetables in the vicinity of
industrial pollutants in the Plievlja municipality {Montenegro): ccological and health rigk
approach, Exvirommental M pittoring and Assessmenthetps:/ / dot:org/10.1007 /510661-022-10445-6. ,
(Q2 https:// www:scimagoiricom/ loutnalsearch.php?q=21482&tin=sid&dclean=0 ¥

2. Nevena Cupara, Dijana Durovic, Irena Nikoli¢, Ivand Milasevié, Botko Bajic.
Assesment of ecological and heilth risk in agricultural soil near the mine of lead and zine in
Plievlja municipality (Montenegro), Fresenins Environmental Bulletin, Volume 31— No. 08B/2022
pages 9036-9044. https:/ /www.prt-parlar.de/download feb 2022/

3. Dijana Durovié, Irena Nikolic, Nevena Cupara, Ivana Milasevic, Contamination and
ecological tisk- assessmient . of heavy metals in agricultural soils in Plievlja murnicipality (North
Montenegro), Fresenine  Favirammental Bulletin,  Volume 31— No. 04/ 2022, pp. 4536-4545,
htips:/ /www.prt-parlar.de/download feb 2022/

Obrazlo¥enje mentora o koris¢enju doktarske disertacijeu publikovanim'radovima .

Kandidatkinja je u radu Heavy metals assessment in agricultural soils and vegetables
in the vicinity of industrial pollutants in the Pljevlja municipality (Montenegro):
ecological and health risk approach koristila veliki dio rezultata svoje doktorske teze, koj'_i_ma
je obubwvatila sadrzaj teskih metala upoljoprivrednom zemljisty i u odabranim biljnim vrstama,
kao i procjeniu rizika unosa tegkih metala putem kontakta sa zemljiStem, ali { unosa ispitivanih
biljnih vrsta.

U drugom autorskom radu Assesment of ecological and health risk in agricultural soil

near the mine of lead and zinc in Plievlja municipality (Montenegto), kandidatkinja je
stavila -akcenat na analizg zagadenosti teskim metalima Jokaliteta sa najvisim sadriajem tedkih
metala (lokalitet u ﬂcp_()sr_.edﬁdj blizini udnika olova i cinka) kroz poredenic sadrzaja metala sa
kontrolnim lokalitetony.

Koautorski tad kandidatkinje, Contamination and ccological fisk assessment of heavy
metals in agricultural soils in Pljevlja municipality (North Montenegro), bazita s¢ na
procjeni ekoloskog rizika poljoprivrednog zemljiéta u opstini Pheva, o
 Napominjem da su svi fozultat objavlieni u prethodno navedenim radovima dig.doktorske
teze kandidatkinje i da su podijeljeni segmente zbog obimnost eksperimentainog rada i

dobijenih podataka.
Datum i ovjera (p
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Prilog dokumenta sadrZi:

Potvrdu o predaji doktorske discrtacije organizacionoj jedinici

Odluku o imenovanju komisije za pregled i ocjenu doktorske disertacije

Kopiju rada publikovanog u ¢asopisu sa odgovarajuce liste

Biografiju i bibliografiju kandidata

Biografiju i bibliografiju ¢lanova komisije za pregled i ocjenu doktorske discrtacije sa
potvrdom o izboru u odgovarajuée akademsko zvanje 1 potvrdom da barem jedan &an
komisije nije u radnom odnosu na Univerzitetu Crne Gore
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Univerzitet Crne Gore

Prirodno-matemati¢ki fakultet

tel: +382 (0)20 245204
DZordza Vasingtona b.b, fax: +382 (0)20 245 204
1000 Podgorica, Crna Gora www.pmf.ac.me

Broj: 02 QZ_:M
Datum: M_{Q_——-_____hOZ Za. 9“’/

Na osnovu ¢lana 33 Zakona o upravnom postupku, nakon uvida u sluzbeny evidenciju, Prirodno-
matematicki fakultet izdaje

POTVRDU

MSc Nevena Cupara, student doktorskih studija na Prirodno—matematiékom fakultetu uy Podgorici,
dana 10.02.2023 godine dostavila je ovom fakultetu doktorsky disertaciju pod nazivom “Procjena

zdravstvenog rizika unosa teskih metala vogemi povréem u industrijskom podrucju - studija
sluéaja: Plievija, Crna Gora” na dalje postupanje.
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02 2023 UNIVERZITET CRNE GORE

PRIRODNO-MATEMATICKI FAKULTET

Na osnovu ¢lana 37 Pravila doktorskih studija Univerziteta Crne Gore dajemo sljedeéu

SAGLASNOST

Doktorska disertacija pod nazivom »Procjena zdravstvenog rizika unosa teskih metala
vocem i povréem u industrijskom podrucju — studjja slucaja: Pljevlja, Crna Gora* kandidatkinje
MSc Nevene Cupare zadovoljava kriterijume propisane Statutom Univerziteta Crne Gore i
Pravilima doktorskih studija, te smatramo da kandidatkinja istu moze predati na ocjenu.

Podgorica, 10.02.2023.
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Prof. dr Sladana Krivokapié¢

Prvi mentor
Lt Mncoec
Prof. dr Irena Nikoli¢

Drugi mentor



Curriculum vitae Nevena Cupara
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Europass
Biografija

Li¢ni podaci
Prezime; Ime(na) | Cupara Nevena
Adresa (e) : Stovatkabb, Podgorica

Telefonski broj(evi} | / Broj mobilnog i +38268613196
telefona |

E-mail | ncupar ail.com.
DrZavijanstvo Crnogorsko
Datum rodenja | '12/04/1993
Pol | Zenski
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Radno iskustvo |
Datumi
Zanimanje ili radno mjesto’

Glavni postovi i odgovornosti

Ime i adresa poslodavea

atumi

Zanimanje ili radno mjesto

Glavni poslovii odgovornasti

Ime.i-adresa posiodavea

Zanimanje ili radno mjesto
Glavni poslovi i odgovornosti

Curriculum vitae Nevena Cupara

April 2022-Trenutno

Analiti¢ar u laboratoriji Zza gasnu hromatografiju

Analize vode, mzemljista i voga i povréa na.sadrZaj teskih metala, pesticida, PCB, PAH
Razvijanje métoda za analize navedenih parametara téhnikama GC-MS, GCMSMS, [CP-
OES, FAAS, DMA

Obrada i analiza rezultata

Institut za javno-zdravije Crne Gore, D¥ona Dieksona bb 81000 Podgorica

' Jun 2019-Mart 2022

Zapasleni na nautnom projektu ,Procjena zdravstvenog rizika u opétini Pljevlja na
osnovu. podataka dobijenih;i'z'humanog biomonitoringa” kao doktorand Biologije na.
PMF UCG

Analize zemljista i voéa i povréa na sadrZaj te3kih metala, pesticida, PCB, PAH
Priprema uzoraka

Razvijanje metoda za analize navedenih
OES, FAAS, DMA

Obrada i analiza rezultata:

parametara tehnikama GG-MS, GEMSMS, 1CP-

‘Institut za javnozdravlje Crne Gore; DZona D¥eksona bb 81000 Podgorica,

| Mai 201831 2019
- Analiti¢ar na inovativnom projektu
* -Priprema uzoraka za standardne testove izluZenja

. -izvodenje standardnih testova izlizenja (EPA metode: 1313, 1314, 1315, 1316)
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Ime i adresa poslodavea |
i

i
|
i

Datumi

Zanimanje ili radnao mjesto
Glavni poslovii ¢
ocdgovornaosti |

; -hemijska analiza dobijenih eluata primjenom tehnika ICP-0ES, AAS, GFAAS a po

potrebi i GCT GC/MS

Iistitut za javno zdravlje Crne Gore, DZona DZeksona bb 81000 Pod gorica

Analititar pripravaik

- Analiza vode, hrane, zemljita, predmeta opite upotrebe:

. - Analiza pesticida, THM, PAH-ova, PCB-a.

i - Analiza teskih metala

Ime i adresa poslodavea
Vrsta djelatnosti ili :
sektor |

-Bfranica 276 — Radna biografia I

- Institut za javno zdravlje, Diona DZeksona bb 81000 Pod’gorica

Medicina i zdravije



Curriculum vitae Nevena Cupara

Ob razovanje i ,
osposobljavanje

Datumi Ef'201"9;l:renut_r_m
Studije Student doktorskih studija Biologije

Ime i vrsia organizacije-obrazovne iPrirodno_—matematiéki'-fa_kult’et;. Univérzitet Crne Gore
institucije- .

Datumj 2018
Naziv dodijeljene kvalifikacije : Master biohemije

Glavni predmeti / stetene i Odbranjen master rad na temu Optimizacija metode za ispitivanjé antimikrobnog
profesionalne vjedtine | djelovanja fenoinih kiselina na bigluminiscentnoj E. coli./ biohemija, éksperimentalna
 bichemija, rad u biohemijskoj laboratoriji. '

Ime i vrsta organizacije abrazovne | Prirodno-matemati¢ki fakultat, Departman za hemiju, biochemiju i zagtity Zivotne
institucije | sredine, Univerzitet.u Novom Sadu

Nive'prema nacionalnoj ili _
medunarodnoj klasifikaciji | Vi[-2

Datumi 12016
Naziv_d.od_ijetjene_kvaliﬁkacijef Diplomirani biohemigar
Glavni predmeti/steene | Biohemija, hemija, analititka hemija, organska, neorganska, instrumentalne metode v

profesionalne viestine | hemiji i bichemiji

Imeii VIsta-organizacije obrazovne Prirodno-matematicki fakultet, Departman za hemiju, biohemiju I zadtitu Zivone.
institucije | sredine, Univeérzitet u Novem Sadu

Nive prema nacionainoj iii
:medunarodnoj kiasifikaciji ; VII-1

Stranica 3 / 6. Radna biografija |



Curriculum vitae Nevena Cupara

Li¢ne vjestinei | OBUCENA 24 RAD. N& RAZLICITIM ANALITICKIM TEHNIKAMA KAG §T0 SU GC, GC/MS, HPLC/MC,

kompetencije LC; ICP-OES.

Kursevi i seminari |

[2020. godine] Obuka za kori$¢enje | odrzavanje Shimadzu uredaja- Gasni hromatograf GCMS-

TQBOS0NX i softver GCMS:Solution, LabSolution Insight

[2019. godine]
softvera UVProbe

QP2020NX i softver GCMS Selution, LabSolution Insight

Obuka za koridéenje T odrZavanje Shimadzu uredaja--Spektrofotometar Uv-1500i

Obuka za kori¥éenje i odrzavanje Shimadzu uredaja- Gasni hromatograf GCMS-

[2018. podine] Obukaza koridéenje i odrzavanje-Shimadzu uredaja - Gasni hromatograf GCMS-

QP2010Plus i softver GCMSSolution

7697A Headspace Samplerom sa OpenLab-Chemstation softverom
LabSolution

ISTRAZIVACKI RAD INSTITUTA DR SIMO MILOSEVIC Igalo

[2017. godine] | Osnovni kurs 2 1CP optitko-emisione Spektrofotometrije

Prakti¢ni kurs: ICP-OES na instrumentu SPECTROARCOS

Institut za javno zdravlje, Podgorica

[2016 godine]

Maternji jezik{ci) ;' Stpski

Drugi jezik(ci} 3 Engleski, Francuski

Summer Programme Chemistry Organizator: Institute of Biochemistry,

‘Obuka za operatera na sistemu Agilent Technologies 7890'GC sa ECD detektorom |
Obuka za korii€enje Shimadzu uredaja: Gasni hromatograf GC-2030AF i softver

Znadaji u'loga_ibafne'olqg’_ije a 'reh_abiIItaCi}linﬂamat’ornih‘Stanj'aj_; CENTAR ZA NAUCNO-

Agilent Technologies 1260 HPLC system with 6120 Mass Selective detector LCMS.
system and Agylent Technologies Gas Chromatography system 7894" Organizator;

Grac, Austrija

Pisanje

Samoprocjena | | Razumijevanje Govor
Evropski nivo (%) - Govorna Govorna

interakeija |

Nezavisnii
korisnik

.Gpmr.ﬁa. Dl
interakcija. :
Potetnik A2

Govorna

Sluganje Citanje o
. . : produkciia

21 Potetnik

Poletniic

("} Zajednitki evropski referentsi okvir za. fezike

Ratunarske vjedtine i : Windows XP, Microsoft Office™ tools; Internet
kompétencije |

H

Stranica 4 / 6 — Radna biografija -

Nezavisni | BZ Nezavishi

korisniic : BZ

HNezavisni-
korisnilk .

 Pisanje

A2 Potewnik



Curriculum vitae Nevena Cupara

Vozadka .dozvola B kategorija

Dodaci : Blografskl podach

MSc Nevena Cupara,

Nevéna Cupara je rodena 12:4.1993. gadine u Pljevljima, Osnovnu $kolu ,Salko Alikovi¢" zaviila je 2008. godine.
Gimnaziju ., Tanasije Pejatovié* zavriila je 2012. godine:takode u Pljevljima, nakon ¢ega upisuje Prirodno-matematitki.
fakultet u Novom Sadu, Departman za hemiju, biohemiju i zadtitu ¥ivotne sredine, smjer-biohemija. Godine 2016. odlazi u
Grac gdje uokviru Ljetnje $kole hemije boravi dest nedelja na Departmanu za biotehnologiju Tehnitkog univerzitéta. Te iste
godine upisuje master studije na istom departmanu i odlazi na studentski razmjenu u Aveiro {Portugal), gdje- radi
ekperimentalni dio master rada; koji je odbranila-2018. godine,

Kao doktorand na projektu ,Procjena zdravstvenog rizika u opstini Pljevlja na osnovu -podataka dobijenik iz
humanog biomonitoringa® bila je anga¥ovana u periodu od 2019. - 2021. godine u okviru koga je odradila eksperimentalni
dio doktorske teze.

Trenutno je angaZovana kao analititar u la_boratoﬂji za gasnu hromatografiju na odjeljenju za Instrumentalnu

dijagnostiku Instituta za javno zdravlje Crne Gore.

Bibliografija

Radovi publikevani u medjunarodnim &asopisima ( SC1/SCIE lista}.

Nevena Cupara, Irena Nikoli¢, Dijana Purovi¢, Ivana MilaSevid, Darko Medin, Sladana Krivokapi¢, (2022). Heavy metals:
assessment in agricultural soils and vegetables in the vicinity of industrial pollutants in'the Pljevija municipality
(Montenegro): ecological.and heaith risk approach, Environmental Monitoring and
Assessment.https; //d'oi'.‘o‘rg-/iG.-IDO7_/510661-02-2-1‘0445-6

Nevena Cupara, Dijana Durovi¢, Irena Nikoli¢, Ivana Milasevi¢, Borko Baji¢ (2022). Assesment of ecological and health risk
in agr:cu[tural soil near the mine of lead and zinc in Pljevlja municipality (Montenegro), Fresenius Environmental
Bulletin, Volume 31~ No. 08B /2022 pages9036-9044.

Dijana Durovi¢, Irena Nikoli¢, Nevena Cupara, Ivana Milasevié {2022). Contamination and ecologica) risk assessment of
heavynietals in agricultural soils in Pljevlja municipality (North Montenegro), Fresenius Environmental Butletin,
Volume 31~ No. 04/2022, pp. 4536-4545: '

Radovi publikovani u zbornicima sa konferencijama

Nevena Cupara, Irena Nikolié, Dijana Durovié, lvana Milagevi¢, Sladjana Krivokapi€, Heavy metais coritent i insoil and
vegetablés in the vicinity of mine of lead and zinc [Montenegro] contamination of soil and health risk assessment, XII

International Conference Ingustrial Engineering and Environmental Protéction 2022 {1iZS 2022) October 06-07, 2022,
Zrenjanin, Serbia, pp.283-288.
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Curriculum vitae Nevena Cupara

Milena Tadié, Irenia Nikoli¢, Dijana Burevié, Nevena Cupara, Ivana Milagevié, Kinetic and thermodynamic aproach-of

strontiym adsorption onto electric arc furnace slag, X1l International Conference Industrial Engineering and
Environmental Protection 2022 {1iZ5. 2022) October 06-07, 2022, Zrenjanin, Serbia, pp.278-282

Nevena Cupara, Dijana Purovié, Ivana Miladevié, Irena Nikoli¢, Health risk assessment in agricultural soils in a city of
‘pljevlja (Mortenegro), X International Conference of Social and Technological Development, STED 2021; Trebinje, 3-6
June, 2021., Bosnia and Hercegovina. Str. 19,

Milena Tadi¢, Irena Nikoli¢, Dijana Burovié, Nevena Cupara, lvana Milagevi¢, Industrial waste as a new-adsorbent for Cu2+
Temoval from aquatic solutions, X International Conference nf Social and Technological Development, STED 2021:
Trebinje, 3-6 June, 2021, Bosnia and Hercegovina. Str. 16.

Sladana Krivokapi¢; Miljan Bigovi¢, Dijana Burovic, Nevena Cupara, Irena Nikoli¢, Assessment of Ecological Risk of Heavy
Metal Contamination in agricultural soil in Municipality Pljevlja (Montenegro), str. 6th International conference on

environmental science and 'tei:hnolqu [_ICOEST} October.21:25,.2020, Belgrade, Serbia.21-24

‘Miljan Bigovi¢, Sladana Krivokapié; Dijana Burovié; Nevena Cupara; Irena Nikoli¢, Agricultural soil pollution by heavy

metals in the municipality of Pljevlja, Montenegro, 27th International Conference Ecological Truth and Enviroarmental
Research, EcoTERA 20, 16 - 19 June 2020, Kiadovo, Serbia, str. 82-87,
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Environ Mot Assess (3022) 194; 8_19'
hutps:/fdal.org/ 10.1007/510661-022-10445-6

{Check For.
Hupdates

Heavy metal assessment in agricultural soils and vegetables
in the vicinity of industrial pollutants in the Pljevlja
municipality (Montenegro): ecological and health risk

approach

Nevena Cupara - frena Nikolié - Dijana Purovic -
Ivana MilaSevié - Dayke Medin -
Sladana Krivokapi¢

Received: 10 February 2022/ Accepted: 30 August 2022

© TheAulhor(s}, under exclusive licence to Springer Nattre Switzerlind AG 2072

Abstract This paper aims (o assess ecological and
health risks associated with heavy' metal (As, Hg,
Cd, Pb, Cu, Zn, C) contenl in ugl_"ic_ultur_ul soils-and
vegetables (potato tuber, beetraot, onion bulb, carrot
root) collected near ‘the tead and zinc mine (MLZ),
-codl-fired power station (CFPS) and coal miine (CM)
located in Pljevlja municipality (Montenegro). The
ecological risk of soil was estimated using the eco-
logical fisk index (R7) and pollution load jndex {PLD.
The health risk was evaluited through different soil
exposure pathways (ingestion, inhalation, dermal coi-
tact) and vegetable consumption. The pollation indi-
ces BRI and PLI indicated thé_..hi'ghcs[ contamination in
MLZ study area followed by CM and CEPS areas, k7
values revealed considerable ¢ontamination in MLZ
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‘and CM study. areas, while CFPS area is moderately

contaminated by heavy metals. According 1o PLL soil
it MLZ and CM arens is classified as poliuted, while
the seil in the vicinity of CFPS is classified as unpol-
luted. Non-carcinogenic and.carcinogenic healih risks
through soil exposure were identified for both ¢hil-
dren and adults, in-all vestigated areas. Dermal con-
tact was identified as. the main contributor 10 carcino-
genic rigk: Dermal ¢ontact wis also identified as the
Main- exposure pathway for non-carcinogenic risk in
MLZ area, while for CFPS and CM a_rézis, ingestion
was the main éxposure route. As for vegetables. only’
Cu and Zn were detected in all examined vegetables.
Non-cancerogenic heilth risk of edible vegetable coi-
SUmption w_aé found for children in all sudy areas,
while there was 0o health risk for adulis,

Keywords: Heavy metals - Agricultural soil -
Vegetables - Ecoiogical risk - Health risk

Introduction

Agriculniral soil contamination by heavy nsetals
(HMs) has_ attracted special atiention due to their
well-known effect én soil finction in food produc-
tion. Although heavy metal poliution ‘of agricultura)
land has atways been considered a tajor challenge
in the scieatific community, studies based ‘an abserv-
ing the state of the environment through monitoring
heavy metal concenrations in ihe soil are. consideréd
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important t© prevent additional Toads on agriculiurai

soils {Tarhan et al., 2020%. Continual loading of agri-

cultural soils with heavy metals dug lo the different
industrial activily inevitably leads to soil dysfunciion
and decline in m:é}p_ productivity but also affects haman
health through the food chain (Obiora-ec al., 2016).
However: direct exposure. of humuns to polluted soil
may also present 4 hedlth risk since toxic heavy met-
dls may be easily transferred from soil to the humar
body via ingestion, inhalation, or dermal contagl.
Moreover: agricultural -soils. polluted by HMs pre-
sent a serious-risk. due to their accumulation by crops

and transfer into the human body through foed intake

(Edelstein: & Ben-Hur, 2018). Thus, it is of areat

imporance o investigate the ecological and health.

risk assessment of HMs in agriculturai-scil,

Plants are responsible for primiry organic produc-
tion. du‘ri'ng which they -are able to transform iror
£aime into organic compournds (Pajevic et 4l., 2018),
One of the myst dominant exposure pathways to
heavy nietals is through food consumption, especially
vegetables. Locally ‘grown vegetables am:inﬁuen‘ccd
by all contamination sources, and. industrial con-
tamination strongly impacts an their salely and qual-
ity (Zhong: et-al., 2018). With nutrients, heavy met-
als could ._éa'sil)_/_ be transported to upper plant: parts,
stored in different tissuas, oraffect different metgholic

pathways (Osaili etal., 2016). Thus, health risk eval-
uation due to the vegetable cansumption. has aiso

atlracted a special attention,

The municipality of Pljevlja s located in the north
of Montenegro. The soil quality in this .municipal-
ity is greatly influenced by the industrial activities
associated with the. power production in a coal-fired
power station (CFPS), coal mine (CM) and jead and
ZING niing __(ML.Z). located in this town. ‘Coal -combus-
lion in.a.coal-fired power station at high temperatvies
(above 100 °CY leads to the transfer of HMs into.the
gay phase. Further, the decrease of temperanire leads
to HM deposition on the surface of ash particles in

the gas path of coal-fired power stations ((f_u_j‘j_é-'-et_al...

2016). Thus, HMs reach ihe atmosphere muinly in
form of acrosels and finally have heen -deposited in
the soil through wet ér dry deposition (Linunik et al
2020). Mining aétivities. also present ‘a serious risk
for surrounding soil. pollution by HMs. Spilled ore
tailings. emissions of dust containing HMs inta the
aimusphere and_-g_f:nerationiuf-_a.I"argt_: number of acidic
mine wastewaters that contain heavy metals are the

@ _Spring'e;'

main pathways for soil contamination by HMs caused
by mining activities {Zhing & Wang, 2020).

Uit the last decade, many studies have been con-
ducied to assess soil contamination by HMs due
1o the generation of electricity in the -coal-fired
power stations (George et al., 2013: Huang ét-al..
2017b; Legalley & Krekeler, 2013 Ozkul, 3616:
[rurétagoiena et al., 2015; Tang et al.. 201 3; Turhan
et al., 2020) and coal and Zi-Ph mining activities
(Cheng el al., 2018; Hua et al., 2018 Huiang el df..
2017a; Liangetal,, 2017; Lu et al., 2015: Obiora et al
2016; Dolezalova Weissmannavi el al., 2019; Ying.
et al,, 2016). These studjes indicite that the presence:
of HMs in the seil i miaihly the result of un_thmpo-
genic factors. However, to the hest of pur knowledge.
there is.no study conducted o assess agricultural soil
pollution and in the municipality of Plievlja in Mon-
tenegro and or .'in=__M0nlcnegro at all.

Thus, this study aims to. assess the paténtial of
heavy metal (As, Hg, Cd, Pb, Cu. Zi. Cry pollution
of agricultiral soils and vegelables. (potato tuber,
‘beet roet, onion bulb, carror iaot) in the vieinity of
the. poilution sonrces (MLZ, CFPS and CM) in the
mnicipality of Pljevija. Chemical analysis of the soil
and plants included the analysis of the content of mel-
als which were inmporiant willr respect 16 the source
of pollution. These kinds of vegenibles: were selecred
since thiey have. mainly beéen cullivated in this wres.
To estimate heavy metal sofl pollution. ecological
risk index (R and pollution load "index (PLD were

caleulatled, and possible sources bused on Peurson's

correlation analysis and principal conponent analysis
were. discussed. Health risks for children and adults
were assessed through differen soil BXpOSUIE routes,
ingestion, inhalation, dermal contaet and vegetable
consumption,

Materials and methods

Study area.

Plievlja is the industrially and agricalturally impor-

‘tant town'in the north ol"Mdn[c'ne.gm. located in a val-

ley surrounded by hills and mountaing upd o 2000 in
altitude: In such conditions, naturally, Pljevija is cov-
ered with thick fog for a‘large number of days a year.
but aiso with'smog as.a consequence of air pollufion,
The pollution of the Tnunicipality of Plievija comes
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from several sources that are of interest for this.study
and i the vicinity of the sampling sites. A coal-fired
power station (CFPS) (43°20°09.1"N. 19°19734.6"E)
uses lignite as, fuel from the lacal coal mine, with the
Maljevac _in_clustri_alh waste landfill, .is located abour
4 km from the ciey centre and surreunded by agri-
cultural fand i the nearby villages (Gornji and Donji
Komini, Kalugigi, Maljevac and. Ljuce). The ceal

‘mine Pljevija (CM) (43°2025.0°N, 1992212.4°E) is

another source, of pollution in this municipality: It is a
surface lignite mine located 3.5 kny from the city cen-
tre. In ifs immediate vicinity, there: are arable [ands,
in several settlements: Pdti'lic_a. Mrzovidi,. Greva,
Oulovici and Crijenice. The third, important source
of pollution is a°mine ol lead and zing (MLZ) with
a flotation tailings Gradac, located in Gradac village
(43°23'57.4"N 16°09'02,7"E),

Chemical analysis and.quality eontral

Soil samples were collected from & miaximum of
20 em of depth (Reimann-et al.. 2014) from agricul-
tural fields in the vicinity of CFPS, MLZ and CM and
were prepared  according 1o the madi fied slandard
method EPA 3050b (US EPA. 1996) by wet digestion
with agua regia '(HC_I:.H'.NO.E-:S:'I_). To remaove water,
the samples were dried at 105 °C for 24 b in an air-
blowing thefmostatic oven. The dried samples were
then sieved through a:2-mm sieve and prepared by the

aforementioned method.

Edible \?'égc:m'ble'.sglmp'}e such as potato (Sodanum
fherosuni L), beel ('_Bc.’.ré: vidgaris L.), anion (A
cepa L) and cartot (Dacus carofa L.) ¢ollected
from the agricultural fields near sources of pollution
were prepared according to the standird method MEST
EN 138052009 which involves the use of a miero-
wave system for di gestion.. Samples were washed and
homogenized by grinding. Afler l_h'aL.U;S.-g- of sample
wis transferred 1o a microwave cuvetle, anuf the diges-
HOR process wis performed wirth 5 m| of concentrated
HNO; and 2 mlof concentrated H,0,. After the diges-
tion, swnples were tanslerred m-a yolumetric fask
(25 mi) and filled with distilled water to the line.

The rotal content of metals of interest (Cu, Cd, Zn. Cr,
Pb) was determined by ihe technigue ICP-EOS (indue-
tively coupled plasn - optical emission spectroni-
elry), brand SPECTRO ARCOS FHE12, The toral arse.
HiC content was determined by FAAS (flame atomie
absorpliop spectrometry) (Perkin Elmer Analyst 3003,

while the total mercury content was determined difectiy
by direct mercury anglyser (DMA 803 The concentra-
tions 6f metals were analysed in triplicates.
Calibration - for ali three techniques. was performed
by using metal standards (CPA chem) witli five cali-
hradtion poirits. Before determi'ning the contént of ElMs,
the blank sample was dnalysed. as well as the prepared
spiked sample at #wo levels (Lo and 5 times LoQ).
Quality control was ensured by delerm_ining_ the con-
tent of HMs in the certified reference malerial (JAEA-
158) containing the following significant metal concen-
rations: As (TL5 mgkg™), Cd (0372 m_g.-kg_[),; Cr
(744 mgkg™"), Cu (483 mgke™). Pb (39.6 mg-kg™h).

Zn (140.6 mg-kg™") and His (0:132 mgke™). The overali

uncertainty of the unalytical methods was helow 1O%.

Assessment of soil contamination: by heavy meiuls

Soil contamination by HMs due 16 the anthropogenic
aclivities was assessed by the evaluation of ecological
risk index (R7) and poliution load index (PLN.

The potential ecologieal risk (RN is derermined as.
proposed by Hakanson and used @ quantify the: level
of ecological risk degree of HMs in agricultural soils-
(Hakanson, 1980). Rf is calculated s foliows -

RI=3YE, (I

o

where £, q and 7 areecological visk: factor, con-
tamination factorand toxic response faclor of Lhe efe-
mens i, lfcspci‘:_li\fcly. C; and C,; are _i]lc_c011cr_:':1t1'atit)ns
of the element { in the-soil sample and the genchemi-
cal reference or background value of the elemerit § in
thie Earth’s erost, respectively. The valuves of I for As,
Hg. Pb, Cd, Cu, Zn and Crare 40, 10.5.30.5, tand 2
and geachemical background concentrations 3. 0.4,

20, 0.3. 45, 95 and 90 mgkg™, respectively (Taylor,

19643, The-dcgr_c-:c of ecologicul risk can be.-caicg_o'~
rized as follows: RI< 150, low rigkc: S0 < RI< 300,
moderate risk: and RI= 600, high contamination,

The p'o_l__lulio'n uidéx (PLI, calenlaed using’ By. 4.

Provides the information on the overall level o Hiv

pollution;

&) Springer
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PLI= .{.C“ C{2 . Cﬂ . --'--wCﬁ;)”"’ “@) Factors nsed in the rigk assessment equations wre

W’heu‘ PLi> 1, 1l teans the soils are poliuted by

heavy nielals, and when PLI< 1, it means the soils dre
unpotiuted,

Assessment of health risk

Humans could. be exposed Lo .contagminants from soil
vid ingestion, inhalation or through dermal exposure
and contamination via 'vegetable consumptions, Non-
carcinogenic. and-carcinogenic risk for adults and chil-

dren through each of exposure pathways 1o soil way

caiculated using. the methodology. proposed by the LS
EPA (US EPA. 1989, 201 1y.

The ‘average daily doses (ADD)) (mg-kg™day™"y
ol potentially toxic mefals via sail ingestion (ADD,, ).
i) and dermal contact with soil
(ADD{;(;,,,,J. for bath adults and children were estiniited
using the following cqs:

_C-IngR-EF-ED

ADD o = == 1076 )
. C-InhR - EF - ED :

ADD. o —— {

g srdieadtion PEF. BW - AT (6)

_ €-SA SAF-ABS-EF.ED

A 'DD!.I’L’J'HM? - BIV - AT

. I.‘Onﬁ (7)

givenin Table |, Cis the concentration of the contani-
nunl in the soil: IrgR is the ingestion rate of the soil; EF
is an expasure frequency: ED is an exposure duration;
BW is-an average body weight; AT is an averaging time:
InAR s an inhalation rae: PEF js a purticle emission
factor: SA4 is a surfuce area of the skin'that coblacts the
soil; SAF is a skin adherence factor for the soil: ABSisa
dermal absorption facter {cheémical specific).

Non‘-c'urc.ihogeni'c- effects. of each- HM present in
a soil were assessed sing the hazaid quetient (HQ))
and hazard index (H1) according to Eq. 8 and 9. while
carcinegenic effects were assessed using. the carcing-
genic. 1’f5’<k.-(-CR,\__'_} and total carcinogenic risk {TCRj hy
Eqs. 10-and 11:

HQ; = i% (8}
RID, :
HI = 3" HY, ()
CR, = ADD, - SF (o).
TCR = Z CR; (o

RfD; is the relerence dose which presents the
maximum daily dose 6f cach individual metal ffom
a specific exposure puthway, “for both adults. and
children that is believed not to lead ro.an appreciable
Tisk of _d'clr:lc’l‘idus effects 10 serisitive individuals

Table 1 Factors used inthe

risk assexsment equations Factor Vatue. Reference
‘Childreén Adults -
IngR tng-day™!y 200 1d US'EPA (2002
IntiR (m¥day=" 7.6 20 US EPA (2002,
EF {day-year™") 350 350 US EPA (2009
ED (years) b 24 Hu etal. {3014y US EPA (2002,
BW.(kgy 24.5 594 Ministry of Health (Chitia) {3006}
AT (daysy (nob-carcinoging) EF-ED EF-ED LIS BPA [ 1989;
AT (days). {carci nogens) EF-70 EF-70 LS EPA {14%9)
PEF (m'ig™Yy 1.36-19" 1.36-10% Hiretal, (2014 US EPA.(2007;
SA {em™) 2800 5700 ‘Huetal. (2014 USTEPA (2002
SAF {mgem™day™"y 0.2 0.07 US EPA (3002)
ABS .00/ 3001 US-EPA (2611
ABS (As) (.03 0.03 US EPA {201 1)

2 Springer
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during a litttime; CR, is a cancer risk of each indi-
vidual HM. 5F iz a-stope factor for carcino_genic.
exposure, and 7CR is u total cincer rigk Reference.

va']_u_cs of some paramerers for health risk assesg-

Mment of heavy melais.in soils are given in Table 2. If

Hi< !, there is no _si'g'niﬁca'nr“nOn-carc;ir_mgc'nic:_1'isk-,

whilé for HI>1, there is a likehihood of adverse.

health effects. According o the US BEPA regulatory,
-the 1olérable ‘cancer risk is in the range 11078 1o
I1107* (US EPA, 2015). The cancer-risk is consid-
ered insignificant when TCR is less than |- 1078 and
harmful when TCR is higher than 1410,

To.assess the health risk-due to- the vegetable con-

Sumption; estimuted: daily intake (ED/, target hazard.

quotient (THQ), total hazard quotient (TTHQ) and
bazard index (HF) were calenlated according the: fol-
lowing equations (Shahsen et al.. 2016):

Thite - Ef ~ ED.: o

ED} = _ T (123
| BW AT 0 (2)
LDy
THO = 222 :
9= (13)

?T}{Q( wdividialpleingy =TH Q{nmm:' 11 + T¥ ;‘!qu'rmﬂlj

F ...+ THO (14y

meta in)

Hlios = 3, TTHQ = TTHQ 1 + TFHQ oy

15)
+ ..+ TTHD )

Hitn

Lugre 18 2 plant daily intake rate {223 'g'-diiy"_ for
children and 366. g-day™" for adulis) (Hu el al,, 2014:
Minisiry of Health (China), 2006): C,, is the concentra-
tion of the contaminant ira specific plant (mg-kg~lof
fresh -weight). If the THQ> 1, there is a potential
health risk. and if THQ <1, there is. no obvious risk
from the substance over a lifetinw'.of_::xposui‘c.

Statistical analysis.

The daw obtained in this sndy were expressed as
mean= standard eiroi of samples per examined loculion
{mean valies of mern) eoncentrations at thee locations
MLZ. CPFS ind CM in soil and vegetuble sumples),
Data processing and statistical anafysis wefe performed
using Microsoft Excel 2603 {Microsott, Rediond, WA,
USA). SPSS v20.0 for Windows (SPSS, Inc., USA)
was used to perform Pearson's correlation analysis and

.pr-in'cipal component analysis (PCA). Obilimin with Kai-

ser normalization rotation was applied to extract PCs
according to (he cigenvalie with the variance > 1%,

Results and discussion
HM conient in agriculiural soil

Descriptive ‘stafistics of HM concentrations in agri-
culuzal soil is given in Table 3. As can be seen. Zn is
the matal with the highest -conceritrition in all soil
samples. The meas concentration of HM varies in (he
range as lolows: Zn (1 19.89-661.72 mg-ka™'y, Ph
(33.77-660.60 mgkg™y, Cur (47.69-113.3] m wke™ '

Table 2 RID, valucs tmgkg™ day™") and slope Facioi (mg-ka™"day™") (Li et al., 2017)

Meta] RD,, RiD,, RID,,
Ag 300804 3.00E-04: [23E-04
Hg 3.00E-03 8.57E-05 TI0EASS
Ph 3.30E-03 352R-03 3.25F-04
Cd 1.00E-03 LOOELO3F 100765
Cu 4.00E-02 420502 1.208-02
Zn 300B-01 3.00E-01 600002
cr 3.00E-03 2:86B-05 6.008-015
Meta] SF,, SF,.; SE,,,
AS s L30E+00 L31E+0) 150
P s $.50E-03 4.20E-07. 8.50E-03
Lo T 380E-01 6.30E + 00 3S0E-01
e 501E-01 2013401 2000

@. Springer
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Cr (23.53-36.87 mgkg™), As (9,18-18.19 me-ka™",
Cd (I 48-2.64 me-kg™") and He (0.078-0.35 migkg ™.
The highest conceritrations of }{Ms were observed in the

$0il eollected near the: MLZ area rankeéd in descending
order a5 Zn>Pb>Cus>Cr>Ass> Cd> Hg. The mean
concentrdtions of Zn (661,72 147,11 mgkg™),: Pb

(660.60+99.60 mg- kg*‘; Cu(I13.31+17.65 mg-kg™ :;,

ASUIB 19581 mo kg™ )and Cd (2.49+0.56 mg-kg™h.
exceed their backamund values in the Earth’s crust
{Taylar. 1964 where the maximum allowable 1|rr1m'

were 95 make™ for Zn, 20 mg-kg™ for Ph, 45 mg- kg™
for Cu, 13 mg-kg”~ ' for As and 0.3 mgkg™ for Cd.
Also. Zn, -Pb and Cd exceed the maximum allowable

-concentrations (MACJ in seil according to the Monte-

negrin legislation (OG18/97, 1947) mdmdnng consid-
erzdble pollution in this study aréa. Similar studies were
performed near lead wrid zine mine in China (Li et al.,

2006), - where the concentrations of Ph, Zn. Cd and Cu
were above perrmitted. limits and this-soil was described
as unsuitable for agr icultural use. On 1he ‘other hand,

the. concenteations of € and Hg were below the. limits

for both MAC and background values. Thé lower cor-
tent of metals compared 1o backoround values indi-
cates the lithogenice souree of metdls, This i is visible foi
Cr and Hg at all investigated areas. Fur thermore, the

mean concentrations &af HMs in CFPS sumples were
below MAC., except for Pb (33.7745.74 mg-ky™ "),
These: resullg slightly differ Trom the swdy previously
pecformed by Linnik et al. (Linnik et al., 2020) on soil
nearcoal-fired power plant, peinting out the énrichment
of coil with Pb. Zn and Cu, HM concentrations in CM
sample. groups were below. MAC, extcep Pboand Cd.
The mean eoncentrations 0I Pb and Cd in CM samples
were 37.5445.67 mgke™ and 2.64+0.50 mg-kg™!,
respectively. 1t is abvious that high concentrinions of Cd
e a consequicnee of the work of the surface coal nig;
since Cd high. concentrations near this source of pollu-
tion were previously obser ved (Cao et al.. 2009). The
mein concentrations of HMs in CFPs dand CM areus are
ranked.in a descending order, as Zia>Cu>Ph> Cr > Ag
>Cd>ﬂg

Stafistical analysis
Pearson’s correlation cntlysis
One: of the mosi used methods to identify the con-
nection between heavy metals and potential sources

ol heavy melals in soil samples: is through Pearson’s
correlation coefficient. Tha: resulls of this stalistical

“Tabhle 3 Deseriptive statistics of hedm« meldl confent presented s miean f-standard érrér (mg-ke™"y in dgricwnrai soit fiom Plieviju
mumupahw (Monlenegro) (\ra!ue< that exceed MAC are balded)

Bample  Parameter  Metal

lueation - - - - "

: As Hy- P Cd Cu Zn Cr
Buckground  13.00 0.40 20:00 0.30) 45.00 95.00 $0.00
vahie
MAC' 20.00 2,00 20,00 200 200.00 300.00 560.00

MILZ Mean£SE 18119581 0352011 660.60499.60 249£0.56 H331217.65 661724 14711 2353400
Min 8.24 005 10440 0,52 4888 130,31 15.70
Max 5.7 0.93 901,00 4.36 168.70) 1150.29 2911y
Median 1291 0.27 780,70 294 128 3] 815,27 283y

CFPS  Mean+SE 10304066 0.08%0.01 3377+ 5.74 L48+0.28 47.6944.19 HO80+ 1LY 23432240
Min 3.35 0,03 8.53 017 23.13 54.65 12.26
Max [4.43 0.16. 139,59 6.29 112,68 300,01 601,59
Modian 10.96 0:06 26.64 L 39.70 10261 22,90

o™ MeansSE 9185068 0334018 37542567 2644059 5228645 120092820 36874336
Min 4.55 005 9.28 0.84 5.67 51.98- 20,56
Max 12:63 2.01 61.95 6.47 79.26 170.49 3357
Mediain 9.83 0.09 35.25 2.29 57.02 19.77 10.76

z\emeum allowdble concentritio hy ’Vlonlcncg:m legislalion (OG 18497, 19973

@ Spribger
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method are divided in three separate parts by pallu-
tion sources (Table 4).

In MLZ samples, a significant posilive correlation
at p <0.01 of Zn Wwas observed wilh Pb. » (6)=0. 908,
»=0,002 indicating:that Zn and Pb oy iginate from the
same source with high pr obability. This data shows
that lead and zine mine probably is the main source
ol soil poliution, Coppér usually follows Pb and Zn
minefields, and in this case. there is a sighificant

positive correlation ut p <0.05- between Zn and Cu r

{63=0.748 a1 p=0.033 and’ Ph and Cu.r (6)=0.685
at p=06.031,

Furthermore, in -CFPS samplés, a strong positive:

correlation.of Pb was. observed with Zn » (21)=0.748

Singh et al., 2000,

at p< 0001 and Cu r (213=0.745 at p<0.001. Zn
al¥o has a sirong ‘pesitive correlalion with Cu r
21)=0,862 atp<0.001, while Cr showed sirong pos-

itive correlation with Cd 7 (21)=0.770 al 7 <0.001,
This might indicate the same. source of these heavy
metals. In some. p:ewous studies (Li & Sun: 2016:
was proven that Cr and
Cd could originate. Imm flying ash produced by the:
therntal power plant and migrate to agricultural soil.
Same positive cotrelations at p<0.05 were observed.
between Crand Cur (21)=0.519 2t p=0.014 and Cr
and Zn r (213=0.505 a1 p=0.014. n this canLaming-
tion zone, Pb, Zn and Cu had much lower meati val-
ues-than in MLZ samples,

Table 4 Pearson’s correlation of HM cantent in soil at exumined locatlions

MLZ
As Hg Pl Cd Cu Zn Cr
Al | |
g 0.454 z
I'b 0.353 -0.204 I
Cd 0.283 0.501( 0.337 I
Cu 00198 ~{5.098 0.685" 0614 !
7n 0:334 ~{.132 0:908™ 0,249 0.748" 3
Cr. —0:145. (1,464 0,258 0.569 0143 0.048 |
CFPS
As Hg: D Cd Cu Zn Cr
A 1
Hy ~0.326 1
I ~(.031 0.384. 1
Cd 0.410 —(133] 0.106 1
Cu 0.160. 0.19% 0.745™ 0.391 !
Zn 0,087 0,275 0.748* 0.29% 0.862° !
Cr 0.327 —0.010 0.238 0:770" 0.519° 0.505" [
CAl
As Hyg Ph Cd Cu Zn Cr
As il
Hg ~0.019 g
I'b 0.153 (.358 1
Cd 0.180 0124 0.632" |
Cu ~{:135 0.287 0,001 —{(%L234 |
Zn 0,149 0.324 0.585 0462 0.555
Cr 0.373 0.107 0.806"" 0.510 0.109 0.705° I

“Corrdlation is significant at the 0.01 level- (Z-taited)
“Coiretation’ is stantlicant at the .05 level (2-1ailed;
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Finaily. in CM samples, .significant positive corre-
lation was ebserved between Crand Ph - (9)=0.806

al p=0.003. indicating thé saine source of their ori-

gin. In this case, it is an open coal mine, and there

are previous studies confirming the presence of these
clements in coul (Cui.ét ul., ”UI‘J)_.

PCA (principal tomponent analvyis)

Further, heavy metal source was identified based on
the'PCA analysis, and two principal COMpOonents were
extracted with the eigenvalues> i accounting for
72.80%.73.34% and 66.1 1'% of the total variances. for
MLZ CFPS und CM area (Table 5 and Fig. 1). For
the purposes of deterniining i inter-metal relationships,
factor of loadings £>0.75) was used. For MLZ: study
area (Fig. lu), PC1 explained 47.07% of the total var-
tance-and was characterized by the high loading of*Zn

.and Cu which suggested that Zn and Cu originated

froni the samdé source. These metals are otherwise
lypILd] markers lor Pb/Zn mmmu (Liu <t al,, 2020,
This is in an agreement with ihe resuits. of Pc:nson s
corielation of the content of heavy metals in the min-
ing area. PC2 explained 25.33% ol the 1otal varianee
and was highly loaded by Cr, Ph, Cd and Hg. The
concentration of Hg and Cr i investigated soil sam-
ples wis bélow the referent background valyes which
may indicate the lithogenic. origin of these metals,
Concentrations of heavy metals shouid ‘always be
compared to local background vaiues. However, since
local background vilues for these metals age notayait-
able, the metal concentrations were compared with
background. concentralions of metuls obtained from

'Taylm (1964). Lower concertdtion of some” metals

in comparison to their background values shouid

indicate lithogenic origiti of metals. However, in the

ahsence of daia on local backegraund values of mclals-
such approach is especially problematic regarding the
Hg and Cr content in soil, since intensive agriculture
activities in Plievlja municipaliry invoive the use of
pesticides and fertilizers which may also he imp_mj[;u'n-
sources of Hg and Cr in'soil (Yang et al., 2018). S

the ¢onrent of Hn and Criin soil might be rather Lhc
result of agricultural activities thun lithogenic chaine-
ter. This dilenima i imposes necessity 1o eslablish iocal
bd(_kﬂmund values for metals. in soil. On the other
hand, concentration of Pb arid Cd were above respec-
tive bm.lu:lound value, indicuting anthr ONOgENic
inflirence and may originate from both. dgricultural
and mining -aciivities (Liu et-al., 2018). Pb and Cd

dre shared metals in PC1 angd PC’J suggesting Lhat the

contribution of these metals is present in both compo-
nents indicating origin from both mining und agriénl-
tural acuvities, but it is much more dominant in PC2,
For CEPS study aren, PC1 and PC2 n,xphnned
44.07% and 27,27% of the otal variance, respec-
tively. The results obtairied are- presented in Table 5
and Fig. 1b. PCI component was characlerized by
high loading of Zn. Cu and Ph which are the mark-
ers for ‘soil pollution by the aperation of CFPS
(Truretagoiena er al., 20153, PC2 component. was

highly loadéd with As, Crand Cd which probably
originated from agricularal aclivities, as previously

reported (Yang el al., 2018),
The results of PCA analysis Tor CM study zirea

are given in Table 5 and Fig: te, Twa princi-

pal components extracted can explain 66.11% of

totat variance. PC1 accouited for 44.29% of toLal

Pable.s Principal Location MLZ CFPS CM
compolient .umiym fur . ——
heavy metaly in agriculiural Component PCI P2 PCI PC2 PC PC2
soils from investigated arcas y
i Plievlja municipalily, Eigel_n'alues 3.30 1.77 323 1.8 3 133
tTiems of high loadings Vaviance (%) 47.07 2333 46.07 37.37 4429 2183
(>0.73) were bolded)) Cumulative (%) 47.07 72.40 46.07 73.34 4329 6601
Zn 0.972 0.904 371 0.634
Cu 0.590 0.874 (K]
As 0:621 0.728 0509
Cr 0.878 0.427 0711 0.862
Ph 0,510 0.79% .893 0.821
Cd 0:607 0.763 0,711 0.521
Hg 0.756 0.552 0.569 $.0006
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Fig.1 PCA results.in the
twa-dimensiconal space plot
of loading of the first Lo
principal components for
Adificrent focations {a MLZ:
I CEPS. ¢ CM)

: o
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Fig. 2 Values of the poiential ecalogical risk -index: (R1j for
Hils i the agficultural -sajls collected newr MLZ, CFPS, asd
CM arcas (error burs reprexent standird deviation of results)

variarice and mainly included. Cr, Pb and C4; whilz
PC2 ueecounted f’or-?].SZ% and is chaz'aclc:"i_?;cd by
the high loading of Cu- (with loading > 0.75), Cr.
Pb anit Cd present in CM soilare 2 result of human
factor. and might originate from mining activities,
specilically derived from coal mine effluents {Reza
el al,, 20159, while Ca originates from -agricultural
aclivities,

Thérefore, anthrop(;ig_enic factor is the main reason
for agricultural soil load by heavy metals in Pljevlja
municipility,

Assessment of M soil pollution

The ccological risk index (R of HMs. in the agri-
cultiiral soils in the vicinity: of industrial pollutanis
in the: municipality of Plievlji is given in Fig. 2. The
vilues of R/ for MLZ soil varied from 118.34 to
700.55 with an average value of 482.6.4+83.08. This
result isin the range of 300 <R <600, indicating that
the integrated potential ecologicul risk of HMs s at

Fig,.3 Contribution of eath analysed metal 1o R

‘:E\J_ Sprin_gcr’

considerable risk. RI values for CFPS varied in the
range of 37.89 o 662.40, with the average R/ vilue
I79.11:£71.99 tha classifies this location us moder-
alely contaminated by HMs. CM soii results for Rf
varied from 116.39 1o, 686.92, with the average R
vaiues 321.62+45.15, suggesting the considerable.
risk of. soil contaniination by HMs. Contribution of
each metal 1o R7 is given in Fig, 3. Cd concentrations
showed the highest contribution in MLZ. CFPS and
CM soils with the values of 54:4%., $2.0% und 78.6%.
respectively. Significant contribution o R was also
observed for Pb in MLZ area {34.6%) lolidwed by
Hg (4.5%). Cu 2.7%), As (2.1%),. Zni1.3%) and Cr
(0.1%). Tn CFPS area, the highest contribuwion of Cd
was followed by Pb (5.0%) As (£5%), Hg (4.4%), €u
(3.0%), Zn {(0.7%) and Cr(0.3%). while in €M area.
Hg has the highest prevalence afier Cd with a value of
12.0%, followed by Pb (3.3%). As (3.2%). Cu (2.2%).
Zn (0.5%) and Cr (0.3%).

The mulual centumination elfects of the HMs wre
expressed by using: PLI, and the resuirs are given
tn Fig. 4. The highest value of PLI (2.59+0.21). i
obsarved for MLZ arex followed by value PL] in
CM area (1.09:+0.29) indiculing he contaminaied

‘study areas. :On the other hand, CFPS is characles
ized as unpolluted since PLI vatue wis found 1o be

0.83 £ 0.09,

Healih risk assessment of HMs throuigh s6il exposure
New=carcinogenic health risk assesvmeirt

The non-carcinogenic health risks caused by the expo-
sure-to the soil rom tidustrial. pollurants. for children

-and aduhs via ingestion, inhalation and dermal con-

tact awre given in Tuable 6. The resulis obtained jndicate

CFPS. cm
WAS 4,5% aAs 1.2%
i Hg 4,1.1\_%_ # Hg 12.6%
& Pb 5.0% % Pb 3.3%
sed BZ0% +Cd 78.6%
o Cu 3.0% 8y 2,39
sZn 0.7% s2n 1':'1'.5%.'
BCr [3%. R Cr 0.3%
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MLz CPFS cm

Fig. 4 Values of the pollution load index (PL1) for FiMs in
the .|nm|.1|turai soils coilected @ MLZ: CFPS. and CM’ areas
LT bars represent standard deviation of resylis).

thiut “children are at higher risk than aduls. The high-
est health risk for humans was observed in MLZ
study area followed by H/ values for CM and CFPS
areas. respectively. The values of non- -carcinogenic,
hazard indexes for Hg, Cu and Zn arc all lower
than 1. in all study areas indicating that there: are no

non-carcinogenic risks of these metals for both ¢liil-
dren and adults thioush the soil exposire, On the.
other hand, hazard midexes for Cr, Ph. Cd und As.are
of concernsince H7 values. of these metals were found
to be higher than one. As.shown in Table 6. the hazard
indexes for children in MLZ study arey esceed 1 for

As (2.28E4-00), Pb (L.28E+01), Cd (1 99E + 00y and

Cr (9. 60E+00J Tt is evident-that Cr dnd Pb show the.
highest health risk for children (MLZ). For adults, anly
Phiand Cr are of coneern, with A7 values 2. B5E4100

angd 1.98E 400, respectively.

As for CFPS and CM ";[udy areas, ‘the HI values
higher than 1 were observéd for Cr. As-und Cd for
ch]ldtcn while adulis-are faced with non- ~careinogenie
risks in these areas anly with respect to Cr. The cal-

eulated vahues of HI tor chiidren in CFPS area wers

L.29EA400; 1.19E+00 und 1.04E 401 lor. As Cd and
Cr, vespectively. M7 value for Cr for adult population
was found 1o be2 J4E 400, In CM area, M values for
chitdren were caleulated 1o be |, ISE+00, 2 12E+00)
and L.50E+01 for As, Cd and Cr respectively. while
for adults in this.area, H7 tor Cr was 3.1 lb-f-OO

Fabte 6 Results of*

Sampling site Metal Hi TCR
SloH B carunogcmc and i
edrizindgenic risk of Children Adults Children Adults
d;!l_c_!_cn_l pathways and :
metals (values of Hf> 1 and MLZ As 2.28E +00 4.87E-01 279E-03 SY5E
TCR> 1107 we holded) Hg 1.BSE-01 341E02
Pb. 28R +01 2.65E+ 00 LO6E-D4 6.33E-05
Cd T99E400  -412E00 L3$E-04 3 85503
Cu LI7E-0) 243602
Zn L2LE-G 230E-02
Cr 9.60E + 00 LYSE + 00 LISEL02 2.385-03
CFPS$ As L29E+00 275801 1.58E-03 337E-04
Hy 353608 2.28E-03
Ph 6.56E:01 1.35E-01 i.36E-03 I23IE-06
cd LAYE + 00 245801 R21E-03 I 70E-05
Cu 493602 I.02E-02
n 22002 4. 53E-03
Cr 104E+ 01 2.14E+ 00 1.25E-62 2 58E-013
CM. AS L15E +00 246E-01 1L41E-03 2.69E-04
Hg L34E-0! 3TE-2
Ph 7.29E-01 1:51E-01 1.73E-05 358R-06
Ca L12E+ 00 4.37E-01 LA6E=)4 JNE-05
Cu 3A42F-02 1I2E-02
Zn 2.22E.012 4.58E-03
Cr LSOE+ 01 3IIE+00 LSOE-02.

AT2E-03
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The same contribution of different pathways. to
fion-carcinogenic risk was obtained for batli popula-
ions. Among the three different palhw‘iys of expo-
sufc to the soil for hooth population in MLZ area

(Fig. 5a).-dermal contact was secngm?uj as the main

health risk (60.7%) folfowed by ingestion (31.5%) and
inhalation (7.9%3. On the gther hand, in CFPS and
CM areas, .ingestion was-(he main health risk {around
5456, tollowed by dermal eontaét (around 42%Yand
inhalation pathway (3%).

Carcinggenic health risk dssessmens

As in the previous case. children are generaily faced
with. a higher carcinogenic health ¢isk (han adults
(Tuble-6). The resulis presented in Table 6 indicate
the highest carcinogenic visk in MLZ study area,
since the highest TCR values were obtained for this
lacation. The children population in MLZ were under

(a} .- HQnt

) o e

MLz

Fig. 5 o Contributien of cach exposure’ pathway 1o non-
careinegenic health risk expressed as contribution of hazagd
guotien? 1RG0 totai Fazardous index (1) in MLZ, CEPS,
and CM study ureas. b Contribution of cach exposure path-

@'Springer

the sericus carcinogenic risk due 1o the soil ex posure
since TCR values for As, Pb. Cd und Cr were 2. T9E-
03, 3.06E-04; 1.38E-04 and 1.15E- 02, respeclively,
In CFPS area, only TCR vilues of As (1.SSE- -03) and
Cr (1.25E- 02) for children exceeded acceptable range.
while i CM area, TCR values for As. Cd and Cr were
LATEA3, 1.46E-04 and 1.80E- 02, respectively. indi-
caling that children are at risk caused by these metals,.
Adulis in al] investigated areas are {uced with carci--
nogenic risk only by. As and Cr. TCR values for these
two metals in MLZ area were 5.95E-04 and 2.38E-
03, respectively, in CFPS area 3.07E-04-and 2. 58E-03
and in CM are 2.69E-06 and 3.72E-03. respectively.
As in the previous cuse, the contribution of dif-
terent pathways to carcinogenic risk was similar for
adults and children. The resulis presented in Fig, 5h
show that the health risk posed by -carcinpgenic ele-
menis via ingestion for all mvuug_arcd arcas was
the highest with the contribution 10 the total can-
cer risk of 70.6%, 69.2 and 68.5% for MLZ, CFPS

.. HQInh

CFPS

R Inh CRinh

CFPS

way Lo cafcinogenic: lealth risk expressed as contribution of
carcinogenic risk (CRi} to totil cancer risk {FCR] in MILZ,
CFPS, and CM study arcay
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and CM area, respectively. Ingestion is followed by g e o %
dermal comagt with a contribution of 26.8%. 29:]¢; Eg"‘a T R
and 30.2% and small contribulion arrives from inha- 3 Q“ f é § % E’ -?i E ':2 § E ; -
lation pathway is with 2.6%, 1.7% and 1.3% for MLZ. ' -
CFPS.and CM area, respectively. o - -
" - -
: 15 S A
: _ : EESEL R8T B2 28 3
HM concentrations in edible parts of vegetables o R T St Sy B
The resulis of ‘descriptive statistics for meta) content 2@ = b
i edible parts of vegetables are given in Table 7. & i Y
With the exception .of Cu and Zn., cheniical analysis EES g BERE2E288 3
. . T ; = S e B S R A e B e
of vegetable samples indicated concentrations of the
majority of HMs. (As. Hg, Pb, Cd and Cr) below the ~
limits of detection. Thus, only the content of Cu and g = - %
'Z_Z_n in.vegelable samples wag 'di'scusse'd;Tht’:_n‘ta_xim_um < E ?1 f; :~+.I
allowable concentration foy Zn in vegetable has not ~le| 22355 ISEITRREIRR
‘heen’ proposed, while for Cu, this mit is 40 mg-kg™' N N b R I R R s
of fresh’ vegetable (FAQG/WHO, 2011). The 'mea_n E, _
coneentrations of Cu in all kinds of vegetables are EE- 3 § § §
far way below this limit. The highest meun value of < §§ s -
Cu concentration was ohserved in CM potate sami- = Sg g 2gonm gigsng
ples: {1292 0,15 mekeg™) followed by Cu content ;5 ' o '
in MLZ potato tuber samples (127021 mg-kg™y. § e e~ -
The mean concentrations of Cu in MLZ are ranked = s = =F =
in descending  order: porato > beet > ¢carrot > onion, E, g ? g g om %r 2 oS ; woe
in CFPS atea beet>potato > anion > carrot and. in ‘"TIs PEsced e dad
CM “one  potale > beel™ onion > carrot, Furlher- £ _
more. the highest concentrations of Zn concentra- z = s 5
uons in al kind of vegetables were observed in MLZ E %" ! _ fi e
. ) - . R . = BE M~ T — o oo ]
study aren. The h:ghesl accumulabion. of Zn wag ; E e o e 5= 053
observed in beetroot (MLZ 547+ 1.03 mg-kg™" > CM & '
406065 mgke ' >CFPS 2894031 mgke). & N
The mean concentratiein of Zn was ranked in degseend-. T E o % v
ing order. as follows: beet> poito> onion > carrol in '“3 & E ‘E‘l f] _ ?]
CFPS and CM areas and beet >onion > carfot> potato :f; 3 gf SR 8% 8 33 EE hs
in MLZ. - A e -
Although the content of some HMs (Pb. Cd) was =
high and above the maximum allowable concentras 5
tions in seil, these metals were under the limits of =1
detection i vegetable samples. As previously pub- ? & = =
lished (Yo et al.. 20159), the process of HM adoption 3 + £ ﬂ £ 1 z
by plants depends on soil and plant properties {pH of fj: S 5=2% 3 55 % 8 =%
soil, soluble content 6f heavy metals in. soil, growth E' EEEREEEZ2EEE =
stage of plant). Depending on the nature of plam =
and substance: being absorbed, plants- have different § ‘:;
mechanisms 1o prevent the uptake of harmful com- : u %‘
pounds, such-as heavy metals, 2zl E N z -
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Pige I50f I8 HIY

3%

T Health r'is'k.

No health risk

0.4 -

0.2 |

6.0 -

MLZ CFPS Chvi

& Children s Adlts

Fig. 6 Values of the hazard index (H1) for Cu and .{n in edible
vegetable roots colletted at MLY, CFPS; and CM areas. Lerror
bars represent standird deviation of resufts)

Assessmeny of heuith risk of vegetable root
consunpiion

‘To-assess health risk due to vegetable consumption,
the esiimaled duily intake (EDF), hazard quetient
(THQ). total hazard quotient (TTHQ) and hazaid
index (H.I) were ealculaled, and the resulis are given
in Table 8 and Figs. 6-and 7. Only nen-car cinogenic
health risk was considered since these metals may
promote only non-carcinogenic effect on human

hLd][h Among different vegetables (Table 8). the:

quhel EDI values were observed for Zn in com-
parison to Cu, and these valies. were generally

higher for children in comparison to adnlts, \fimeo--

ver. the highiest intake of HMs wasg observed in the

consunplion of potdtoes and beet for all investigated
stirdy areas. However, the estimated EDJ of Cu und
Zn weie below the Lolerable RfD limits (Table 2)
The THQ: values of both metals were [ower than
one for-all examined edible parts of vegetables for
both populdtions, This indicates that jnhabitants
around the thice niain pollutants in Plievlja munici--
pality were not faced with health risk-by the intake
of'si'-_ngi'ewm_erai Cu and Zn through vegetable con-

‘Sumption, There is also no health risk for inhabil-

anis by the comhined cllect of Cu .and Zn since
TTHQ values for examined vewctables were- Jess

‘than one. Furthermore, resulis of HF values (Fig. 6)

indicate’ that there. is no poteritial health risk for
adults in- all investigated areas,. while children -aie
under the potential héalth risk by the consumption
of vegelibles cultivated in these areas. The highest
risk. (H]—Z 05:+0.05) was observed for children
in MLZ samples of vegetables, followed by CM
(H{=1.09%0.04) and CFPS (HI=1.00+0. 08) tockh-
tions, The HI values in CM and CFPS areas were

slightly above-one, but if’ we take in account stand-

ard deviation. theri children are considered to be. al
potential healthrisk [rom vegetable consumplion:

Finally, the contr |th[101] ol each kind of vegelable
grown al spec;hc locations to. H/ is given in Htv 7.
The highest contribution 10 H7 was-observed. for Beet-
root with 34.6%, 30.4% and 35.3% in MLZ, CEPS
and CM study area, respectively, Then it follows the
potato tuber with centribution of 28.7%, 29.0% and
34.0%. The lowast contribution was observed for car-
rof root and onion bulb.

MLZ

e

Fig. 7 Contribution of different vegetables 1o hizdrd index.for different study areis
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Conclusions

This study revealed high heavy metal accomulation in
agriculiwral soils and Ichclablc rools i the 'vi'c"inil_.y
of three muin pollutants, in Plievlia nmnic-ip_ality, The
results obtaingd indicated lha_t"the niain concentration
ol Pb. Cd and Zn in agricultaral soil in the vicinity
MLZ exceaded the: maximuny zii!owa’bfe concentii-
tion. The maximum ailowable concentrition of Cd

in CFPS soil wus higher than the prescribed limits,.
while .in €M $0il -area, Pb and Cd were above (lie.

maximum allowable concentrations. The ecofegical
assessment performed by R showed a considerable
risk ol soi} contamination by heavy metals in MLZ
and. CM zones and moderate risk: in the CFPS Zolie,
The values of PLI indicated poliuted soil in MLZ and
CM study areas, while soils. in. CEPS-area are chardc-
lerized s unpolluled.

Generally, the results of health risk assessment
showed that children are exposed to higher health risk
than adults, n MLZ area. the contribution of differ-
ent soil exposure. pathways to non-carcinogenic risk
follows in descending order, dermal contact > inges-
tion> i'_nha_iali'mi_.- while in CFPS and CM-smd_y areas,
descending order is as lollows: ingestion > dermal
contact> inhalation, Among different exposure: path=
wiiys, ‘dermal ‘contact was recognized as the main
contribulor o capﬁcinpgenic health risk, followed by
ingestion and inhalation.

The presence. of Cu and Zn was detécted in the
collected vegeruble samples. Health risk assessed
by estimated daily intake: (EDI) of these metals
through consumption of vegelables and hazard

guotient (THQ) indicaled no health risk for inhab-.

itants in the vicinity of investigated study area.

However, the overall hazsrd index (HI} indicated.

possible udverse health effects from vegetable con-
sumption for children, while for adults, there is no
health risk. Beetroot afid potuto tuber were recog-
nized as the highest contributors to ehildren health
risk.

Thie resulis obtained in this study can he used to
monitor the state af the eivironment, as weil as the
impact of changes due to CONLNUOUS exposuie (o
pollutants -on the health 6f both Montenegring and
countries in the region, as. the industriatization in the
Western Balkans has led wo similar patierns of pallu-
tioh and potential health risks. .

@_ Springer-

‘Funding  This work was supported By the Montegegrin Min-

istry of Seience ander grint no, 01-779/2.

Availability of data and inaterial Alldata generated or any-
lysed during ifiis study are theloded i this published article
{duta set given in tables and fgures).

Declarations

Competing interests D, i< the leader of a. project sup:
poried by the Montenegrin Ministry of Science under grant no.
01-799/2. Giher anthors declare thag they Have no known coni-
peting financial fnierésts or ‘personal rclaiiunshi;}s that coufd
have appeared tg-influence the work seported in this paper,

References

Cac. H.. Lean, Z., Wang, . & Zhang, X. 20091, Potentiai
ecological risk of cadmium, lead and arsenic i’ agrici-
wral black soil in Jitin Province. China, Stochasiic Envi-
sornerial Research and Risk Asvessiment, 23(1), 5764,
Bups:/doi.ovg/ [0.1007/500477-007-0195-1

Cheng. X.. Danek: T, -Drozdova. .. Huang. Q.. Qi. W.. Zou.
Leoew al. {2018). Soil heavy metal poliution aned risk
assessment associgled with the Zn-Plh mining region
in- Yunnan, Seurhwest Chin, CEwvivommenid Mouitor-.
ing aitd Asseyvinent, 190(4). 16, dpseddoiorg 101005,
1066 1-018-6574-x

Cui. 'W.. Meng. Q.. Feng, Q.. Zhow. T., Coi. ¥, & Li. W
(2019). Occurrence and release of vadmium, chroniiim.
and leud from' stone coal combustion. . Biteraational
Joitrnal of Coal Science urid Teclology, 6(4), 386-394.
hitps:/idoi.org/ L0. H00T/40789-010-00281-4

Cuji¢. M., Dragavic, §., Dordevic, M., Dragavié. R.. & Gajic.

B. (2016), Enviconmental assessmem of heavy metals
around the largest coal fired power plint in Serbia, Cor-
énd, {39, 44-32, hupsdol org/ L 10164 cateni 201512,
4ol _ _

Dolealovd Welssmannova, FL: Milodova, S Chipvanee, P,
& Pavlovskg. I, (2019, Potential ecological risk and
human health risk assessment of heavy metat pollition
in intustrial alfected soils by coal mining and mictul-
lurgy.in Osirava. Czech Repubiic. Interaational josiraal’
of envirommenial researelt and pablic heulih, 16{22).
4495, hitps:/idoi.org/10.3390/erph 162244053

Edelstein, M., & Ben-Hur M. (20185, Heavy metals ang
metalloids: Sourges, risks and sfrategies to redugce their
aceumulation in horticuliveal erops. Seientin Horvien-
tarae, 234(Junc). 431434, hups:/fdot.org? 16,1016/,
seienta.2017,12,039

FAO/WHO. (3011). Joint FAQ/WHO Food Standards Pro-
gramme: Codex Cemmittee: on. Contaminanis in Foods.,
Food ‘CF/S INF/i. Fiith Session. The Hague, The
Netherlands,

George. J.. Masto. R. E.. Ram. L. C.. Dis. T. B.. Rour. .
K.. & Mohan, M. (2013, Fuman exposure risks for
metals in soll near a coallired” power-genersing
plant. Archifves of Environsicnial Contantinuiiont quil-



Environ Monit Agsess {2022) 194:819

Page 1705 1§ 814

Tosicology, 68(3), 451-461. hutps://doi.org/10.1007/
SO024d-074-01.) 1-x _

Makanson, L. (1980} :An ccological risk index for wquatic
nollution contrel A Sedimentological Approach. Warer
Reseureh, 1R 9751001, i'll‘[ps’f."hl(-i.ﬂl_'ga’fﬂ_Ifllé_f'
0043-1351(8090 1435

Hu. W, .Chen. Y. 'Huang. B & Niedermann, .S, {20H4d).
Health risk assessment of heavy metals in soils and vegs-
etables Trom a _l}fpi__'cal: areenhouse vegetable iirodiwli(_'m.
systehr in China. Human and Ecological Risk Asseys-
theni: An Imidrnational Journal: 2005y, 1264-1280.
hitps:fidot.org/10: 1080/10807639.2013 831267

Hua.:C.. Zhow. G.. Yin, X.. Wang, C,, Chi, B., Cao, Y., et al,

{2018). Assessment of hca\_-'y metal in coal gangue:

distributicn. leaching characterisiic and potential eco-
]rigiu;i[ risk. Em_)fmn_n_r_e.f:mf Science and Polturipn
Research, -25(323, 3233|-32331, hitpsffdei.ore/10.
FOO7/< 11356-0F8=3(18-4 _

Huang. Sq. Yiwn, €. Li. Q.. Yung. Y., Tang, C. Ouyang. .,
& Wang, B. (20174). Bisttibution and risk asLessment
of htavy metuls in soify from. a typical Ph-Zn. mining
area. Polish Jouwrnal of Environmental Staelies, 26(7),
LI05—11 12 hittps:/idoi.org/10, 13244 /pjoes/68424

Huang, X Hu; I, Qin, F.. Quan. W., Cao, R, Fan. M., &
Wa, X, (20{7h). Heavy mietal pollution and ecalogi-
cal wssessmenl around the Jinsha coal=-iired  power
plamt (China), Internatipnal Journal of Environmenial
Researeh and Public Health, 14, (2. hups:iflii org/10.
3390/ijerphid 121589 '

Irurctagoicna. A, R, Vallejuelo. §, F, O, Gredilla. A,

Ramos, C.'Gi., Oliveira, M. L, §.. Arana, G.. . & Silva,
L. F. Q. {20)3). Fate of hazardous clements in agricul-
tral soils Suwrromding a coal power plant complex from
mend, 3087 -374-382. hups:iidoi org/ L1064 seitoteny,
200412015 '

Legaliey. B, & Krekeler, M, P §, {2003). A mineralogical
and _-g_cot:hcniic_ai iil\restigatinil of swreet scdinmm_nﬁ‘.ar-u
coil-fired power plant in Hamilon, Ohio: An cxample
of complex pollution and cause for community heaith
concerus, Enviroumental Eollution, 176, 26-35. hipsy/
dotorg/ 10} D16/ envpol.2612.12.012

Li- M. 1. H. Shi. C.. Gao. Y.. Zhang. Y.. Xu. X.. et al,
(2017, Distibution of heavy metals and metalloids i
buik and partield size fractions of soils from codl-mine
browiticld and implications on Jivman health, Chemes.

hups:#fdoi.org/ 10,161 64,

Suma Caturing (Brasil). Science af the Tord Emviron-.

phere. 172(Apcl), 505515,
chemosphere, 2017.01:021

Ll 1. & Sun. €. (2016}, Evulvation of the migration of thal-
lium. cadmium, vanadium, and chiominm from.q thermal
power plant. Emvivommnental Earth Seiences, 533, 1-7,
hitps:i7dol org /10, 1007/512665-0 15-3159-z7 '

LiJ.. Xie. 2. M., Xu, J. M., & Sun, Y. ¥, {2006). Risk aysess-
mient for safely of soils wnd vegdtables aroind a lead/
zine mine. Envirommentol Greochemistey and Health, 28,
3744, hnps:ided oref 1010075 [0653-005-90019:%

Liafg. )., Feng, C., Zeng, G.. Gad, X Zhoig, M.. Li, X., etal,
{2017y, Spatidl’ distribution. and source idéitification: of
heavy niewals in surface soils i a typical coul mine ¢y,
Lianyuan, China. Emvironmernteat Pollution, 22568 1-690.
hups:iidoi.org/10.10) O/.envpol, 201 7:00.057

Linnik, V. G., Minkina. T. M.. Bauer. T, V., Sivelicy, A, A..

& Mandzhicva. 8. S. (2020}, Geochemical ASECSSIMCRL
and spafial avalysis of heavy metals poflution around
canb-fived power station, Encironmental  Geochemisting
e Health, 420033, 40871100, htips: Ao ora/ 110077
S10653-019-0036 1.2

Liv, K. L4, €. Tung, S.. Shang, G. Yu. F., & Lo Y {3020
Heéavy mietil concentration. putentizl ecolugical risk
assessment and-gnzymie activity. in soils afteeied by a léud-
zine wailting spiil in Guanpxi. Ching, Chemosphure, 351,
=12, hups:/doi.ore710. 104 6/i.chemosphera. 202451264 15

Liu, 8. Tian, S, Ui, K. Wang. L., & Liang. T, (2018). Heavy
metal bivaccessibility and héahh risks in lhe contaminated
soil of an abandoried. smail-scale tead and. zine mine,
Enviroimental Science and FPailution Reséioreh, 23113),
130413056, I1tlp.\‘:'ﬁd0i;org;’f 0, 10607/ 1 1356:0 8= T0O00-8

La. S, Wang, Y. Téag, Y. & Yu. X.£20155, RHeavy mestal pot-
lution and ecolagical risk assessment of the paddy soils
near -4 zine-lead mining areg in Hunan. Emvivonmento
Modirring and Assessment, IB7(10), 112, hrps:Adoi.
org/ [0, 1007741066 1 (¥ 5-1835-5

Ministry of Health (China), (2006). China. health: statiseics

yearbook. _
Obigra, 5. €., Chitkwu, A, Toteu, §.F., & Davies, . C. (20164,
Assessmient of heavy mefal contamination in soils around

lead (Ph Fzing {20} mining aréas im Govi ahi. southeastern
Nigeria. Journal of the Ueologivad Society uf Thdia, 8745,
433462, I'uILps':g’.’d(Ji,m'g!l 040074123010 O-0413-%

aG1 897, (1997}, Ridehook of #lowed cotceniutions ol herz-
ardous and dangerays Substences in soil and’ methods Jor
detérminotion {pp, {=I8). Gazetts of Republic of Monte
negro: Podgorici. chdb!ic of Monteneira.

Osaili, T. M., Al Jaouli, A. F.. Makhadmef, 1. M. Taba. M,,
& Jarrar 8. K. (2016). Heavy metals in vegetables sold 'in
the local market in Jovdan.. Food Adiditives and Contami-
nantss Part 8 Surveiflanee. B3, 223229, hitfis:/doi org!
[ 1080/ 939325020 6.1 FRI674 )

Ozkul, €. (2016), Heavy metal contaminavon: in soils around
the Tunghilek Thermal Power Plant ¢ Kiithyd. Turkey;
Emvivenmmental. Monitoriug and Assessient, 18863, 12,
ntps:/idoi arg/ 10,1007/ 106601 6-52G35..3

Pajevic. S, Arsenov, D.. Nikolié, N Borifew. M., Oigc
D... Zupunski, M., & Mimica-Dukié. N. t2018). Heavy
metal dceumulation in. vegetuble species “and  Diculih
Tisk assessmenl i Serbia. Emvironmental Monitdring
and Assessment.  FODiR), I-d. bupsstdui.oral 10:100%
$10661-018-6743-y

Reimann, C., Birke, M.. Démetriacles, AL Filzthoser, P &
O'Connor, P, (2014). femisier: of Eirope's aprivid-
skl soils, Pai A, Methodotosy and Beipreintion af the
CGEMAS dara ver.

‘Rezu. 8. K. Baruah, 1., Singly, §! K. & Das. T . ELTRYY

Geostatistical apd muliivariaie” analysis of soil heavy:
metal contamination near ¢oal mining ares Northeasiern
lidia. Emdirenmentid Earth Sciences, Z3Y), 5425-5433 .
hups:i/doi.ong/ 10, T007/s 1 2665-014-3797-1

Shahesn, N Trfan. N, M. Khan. 1. N.. Islam.. §.. tslany. M.
5., & Ahmed. M. K (2016, Presence of Keavy midtals iy
fruits and vegetables; licalth risk mmplications in Bang-
fadesh. Chemosphere. 152, 4312138, “hitpssiidun asrgd I,
SN 6h.chemosphere, 2 602,008

@_ Springer



819 Page 1S of 18

Environ Monit Assess: {2022} IQZ;_&IQ

Sthgh. R.. Singh. U, P Kunwr, N, Bhargava, S. K.. & Barman.
5. Co 20800, Accumuhaion and tanslacation. of heavy
metals in soil and plants from Ay ash contaminated aia,
dowrnal of Envivonmenial Bivlogy, 304y, 421430,

Tang, Q.. Liu. G, Ziwou, C., Zhang, H.. & Sun, R, 2013y, Dis-
ribution of eaviconmentadly sensitive elerients .in resi-
denial soils neur a coal-fired power planks Potential risks
io ecology and childrew's health, Chemasphere. 93(10),
2473-2479. hups:/doi.org/ 1. 10 167] wchemosphere. 2013,
0945

Taylor-8. R: (1964). Abundance of chemical élervents in the

continetilal crust; a new table. Geockinmica ¢r-cosmochim-
fcu acta. 2368), 1273-1283,
Turhan, G A, M. K. Hangerliogullan, A, Karsaz, A.. Géren.

E:. Duran: C.. et al: (2020). Ecological asscssment. of
licavy mictalx. in soil.around a coal-fired thermal power:

plunt .in Turkey, Envitoumenial Earth Seiences, 796y,
=15 Bups://doi.ong/ 10, 1D07/s 1 2665-020-8864-1

US EPA. (198Y9). Risk assessment gutdance. for- superfund
vilwme _i human héalth evaluation manual (Part. A).
Office of Emergency and  Remwilil Response. LS.
Environmyail Profection Ageniy Washingion, 20450.

CEPASAZI-So002,

US EPA. (19963, Methad 30350B:Acid digestion _(_)I"-s_{;din_u:nls._
sludges and soils, Revivion 2, Wastington DC.

US EPA. (20023, Suppieniental guidance for” déveloping soil
sereening levels forsuperfund cites, C?ﬁ‘ii:‘e-‘_;:_i,flﬁb'!j‘d' Werste
and Eniergency Responce, OSWER'9355. <+ 24,

US EPA. {2009). DOD vapor intrusiont. liindbook; The Ti-
service enviranmental risk assessment. workgroup, Expo-
sure Facior Handhook (EFF),

WS EPA. (2011, Expdsurc factors. handbook:. 2011 edition.

Naional Cener Jor Enviromuenial Assessmient Office of

Research and Development U5, Envirommenial Protec-
tion Ageney Washingioi, 20460, EPA/GO0/R-09/052F.,

US EPA, 120135, Recommended use of BW3/4 as the deluull
method.in derivation of the oral refercice dosé. Qffice. of
the Sclence Advisor Risk Assessment Farum U.S. Envirop-
e Profeenion Agency -W'c'n‘hing.'rm‘ be 20460, htepis: /f

) Springer

www.gpa. ghvisites/delan U ilest 201300 docamen s/
recommended-use-of<hiw W4 pdr

Yang. Q. Li. Z., Lu, X... Duan. Q. Huang. L., & Bi 1. (2018},
A feview of soil heavy metal pollution from industria and
agricubtural regions in China: Pollution ang risk assess-
menl. Science of the Totad Envisomment. 642, 690-700.
htips:/doi org/ 1010164 sciloteny, 201 8.06.068

Ye: X, Xiao, W,-.'ZI'Ian_g_. Y., Zhao. §.. Wang. G.. Zhang. Q.. &
Warnig, €5 (2013). Assessment of heavy metal pollution in
vegetables and relatfonships with soil heavy melal di_'s‘lri_~
buticn in Zhejiang provirice Chind, Emvirpanientdl Moni-
woriivg and Assessnient, f('\_'-?"(()_.}.. 9, hupsiifdai.ong/ 10
100751066 1-013-4604-3

Ying, L.. Shaogaig, L.. & Xiabyang, €. (20163, Assessnient
of heavy metal pallution and hiiman heslth risk in trban
soils of a-coal mining city in East China. Hubian and Fee
logical Risk Asveximein, 22(6). 1350-(374, Intps /o,
org/10. 1080/ 0807039.201 6.1 173024

Zhang, Q., & Wang, C. (20265, Nuweal dné hunian Fetoes
affect the distipition of soil heavy nwetal pollution: A
review. Wader  Afn and Soil Pollution, 2357, 1-13.
https://doi.ored} D007/ 1270-020-04728-2

Zhong, T.. Xue, D., Zhao. L. & Zhang. X (20181, Concentra-
tion of heavy metals in vizsctables aind potential health
risk -astessment in China. E{n-'f.-.‘c_m_.{ner;.'r'd Gépchienisuy
and Healith, 4D(1L). 313-322. hitps:#dan org/ 1, 10077
S10653-017-9909-6

Publishei’s Note  Springer Nature remaing neuieal with regard
to juriadictional élaims. in published maps and institutional

affilimions.

Spriagér Nature or its licensar haids exclusive righss w this

-articie under a publishing agreement witls the suther(s) or pher

rfghlslml_der_(s}: author self-aréhiving of the accepled manyscripy
version ef ihis-article is solely governed by the lermis of such

publishing d4greement anid applicable law,



1—No, 088/2022.

pages 8036-3044.

ASSESMENT OF ECOLOGICAL AND HEALTH RISK IN
AGRICULTURAL SOIL NEAR THE MINE OF LEAD AND
ZINC IN PLJEVLJA MUNICIPALITY (MONTENEGRO)

Nevena Cupara'?, Dijana Durevic'*, trena Nikolic?, Tvana Milasevic', Borko Bajic!

"In'slilz_uc of Public ealth of Montenegro, Diona Décksoiia bb, 81000 Podgorica, Maontenegro

*Faculiy ol Sciené and Mathemates University of Maritena
*University Donfa Goriew, Facuity for Food Safely and 3
*Faculty of Metalturgly and Technology, University of Monteneyy

ABSTRACT

Ecological and health risk assessments associ-
ated withr heavy metal content i agricullural soils
colleeted near thie mine of Tead and zinc Jocated in
Plievlja munjeipality { Montenegro), were performed.
Results obtained were compared with the regulls ob-
tined for controf study ares, The ccological risk of
soil was estimated using the jodex of geo-aceumula-
lion, { lyca). The:non-carcinogenic and carcinogenic
health risks were cvaluated through different soi) ox-
posure pathways (ingestion, inhalation. and’ dermat
comntact). The resulis indicated polluted agricultural
soil ' the mining area while soil from control study
aied wis characterized as unpoltuted. The poltution
indice (Juo) indicated the ecological risk with respect
to the seil poliution by Pb, Zn, Cd and.Cu in mining
area. A serious lleuith'_no'n-caréin’og-_-.'*n _i'c ang carcina-
_ gen’ie-:ri's'ks'w.'cre-"ide‘_n_:iﬁed in soil samiples near lead
and zine mine for inhja_bit_ants.'thro'ligh soil exposure,
Pb wag'identified ag the hi ghest contributor to health
non-carcinogenic risk while Crhighly contribute 1o
carciniogenic risk. Tngestion was identified #s . the
imain contributor 1o, carcinogenic risk while: denmal
contact presentéd the main exposure pathway - for
nou-carcinogenic risk,

KEYWORDS:

Heavy metals, agricultural soil; jidex oi"gcQ—:_\.ccumufé;lian,_

health risk assessment

INTRODUCTION

Heavy metals pollution has become a global is-
sue due fo the rapid industrialization and possible
contamination Of witer and soil. Thus, extensive re-
search has been focused on environmental poliution
caused by heavy nictals since they are non-biode:
gradable and persist for many years posing a great
risk to human health, Agricultural soil§ containinated
by heavy metals have attracted special attention due
lo well-knawn effect of hedvy memls ‘on the soil
functicn in fond production. Human- beings may

2036

arg, Diardza \'}'zisil_agiuna bb, 81060 Potigorica, Mansenegri
cology: Oktaib 1, 81000, Podgorica. Montenegro
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come into cantact with heavy metals through soil ex-
posire by ingestion, inhalation and dermai coiitact.
Moreover, heavy metals from polluted soill may enter
the agricultural craps and fater into: the food ¢hain
[1]. Inadequatc. disposal of waste and wastewater,
former factory sites, landfills, uncontrolied use of

agrochemitals, mining dnd various types of smelting,

ifperformed madequately, corilrary to environmental

standards, may become’ the sources of beavy metal
pollution [2]. Thus, it is.0f great imporlance to inves-

ligate the ecological and health risk assessment of
heavy metals in agricultural soil.

Mining activities represent one of the most im-
poertant anthifopogenic sources.of heavy metal polly-
tion. Spilt ore tailings; emissions ol dust containing
heavy metals in to"the atmosphere and the genérafion
of a large number of acidic mine wastewalers. that
contain heavy metals aré the main, pathways for sail
contamination by heavy inetals cansed by mining ac-
livities [3]. A nuimerous investigations indicated a

Hoil pollution by heavy metals and so on health

problems for local inhabitanis in mniing-affecred

areas. [4-101.

Piievlja is a municipality located in the north of
Montenegro known for variotis mining activities, in-
cluding the extraction of lead and zine ore, Mining’
activities began in 1953 and were abandoned in the
period between 2000 and 2006, A frer reopening in
2006, old flolation tailings were abandoned withaut
recanstruction, and present. serious-ceological risk
since the agricultural fields and houseliolds in vilfage
Gradac are near thé ald flotation tailings. To the best
of gur knowledge; there is no study coniducréd Lo as-

-sess-agrisultural soil pollution by mining activities in

the municipality of Pijevlja in Menlenegro.
Thus, the ainy of this study was to assess the |idi-

‘tential heavy metal (As, Mg, Cd, Pb, Cu, Zn and Cr)

polhutian of agriculrural soils. logated in the vicility
of mine of lead and zinc i Pljevija. The ecological
risk was assessed by the geo-accumulation index
{Igen). Non-carcinogenic and carcimiogenic healh
risks for inhabitants through different s0il exposure
routes {ingestion, inhalation :and dermal contact)
were also assessed,




- Vaolume:31-Na. 08R/2022 ;

MATERIALS AND METHODS

Hades-9N36:9044 ¢

Study area and chemical analysis. The ana-
Mysed samples were divided into two Eroups, the
mining arca samples and the control area samples,
"The soil samples in the minifig area were collected
in the vieinity of the ald Ootation lailings of an old
mine ol lead-and zinc in Grada¢, Montenégro located
in Plievlia. municipality (43° 23'57.4"N F9R09'02 . 7
E}. The control area. is approximately 30 km away
from 1he ming (43°2)46.3"N 19926:39. 1"E). Soii
sanles were collected from a maximum of 20 o
of depth from agriculiral fields and were prepared
aceording to-a modified standard method EPA 303015
(EPA, 1996 by wet digestion witl aqua regia (HCI:

HNQ3=3:1). To remove ‘water; the samples were

dried at 105 °C for 24 houts i an gir-blowing ther-

‘mostatic oven, The dried samples were sicved:

through a 3 mm sieve and prepared by the aforemen-
toned micthod, The tolal content of metals o Cinterest
(Cu, Cd. Zn, Cr, Pb) was determined by ICP-EQS
teehnique  (Inductively  coupled plasma-Optical

Emission Specirameny): brand SPECTRO ARCOS

FHE12. The 1otal arsenic ¢ontent was determined by
l"'AAS'—'F'Eamc.Al_;:gmic Absorption Specirometry (Per-
kin Elmer Analyst 300), whiie the total mereury con-
tent was determined directly by Direet Mercury An-
alyzer (DMA 80).

Tlie calibration forall three lechnigues was per-
tormed usin g l'_nel'hl':_:tan_dards_ (-.CPA_‘ chem) with five

calibration points. Before determining the content of
heavy melals, the blank sample and.the: prepared-

spiked sample at.iwo levels (LoQ and 5 times LoQ)
were analysed. Quality control was obtained by dc-
termining the conlent of heavy metals In the cerfified
reference material ( IAEA-138Y conaining the fal-
lowing metal concentrations: As(11.5 mig ke-1%, Cd
.37 mg kg-13 Cr'(74.4 mg kg-1)), Cu (48.3 ing
ke-1). Pb {39.6 mg kg-1); Zn (140.6 mg kg-1) and
Hg {0.132 mg kg-1% The overall uncertainty of the
analytical methods wiis below. 10%.

Assessment of soil f:'(mlami'na'tiﬁn_ by heavy
melals. Soil contamination by heavy nierals due (o
the antiropogenic activities was. assessed by the

C:S4:SAF ABS-EF - ED.

evaluation of index of geo-accumulsition {1y},
G
l‘JC.',Af (1)

were () 15 the concentritions of the element iin

! gep = logy

he sail sample and and C;; is the weoclicimical refer-

ence or buckground value of the element | in ihe
carth’s erisst in mg-kg (13.00 forAs, 0.4 for Hg, 20
for Ph. 0.3 for €©d, 45 for Cu, 9% for Zn und 90 for
Cr) [11]: The cvaliated criteria of Lo dre stmimu-
rized in Table 1,

Assessment-of health risk. Humans could be
exposed {o conldminants from- soil via oral intaki;
inhalation or through deimal exposure-and conlai-
nation via- vegetable consumplions. Non-ciarcino-

&enic and carcinogenic: risk for inhabitnts through
gach soil exposure pathway were calctlatéd uging
the: methodology proposed by USEPA[12,13].

Theaverage daily doses (A DDs) {mig-kg ™ day
') of poientially oxic metals vig soil ingestion
(ADDing), soil inhatation {ADDiu), and dermal con-
tact with s0il {ADDgem) Were cstimated using the
Eqs: (2, 3.4y '

CoingR  EF . ED =6
A DD}'»gy.s'r.r‘t_m = _—“m_;—l-;:—f}' -------- 070
| (2)

C IR - EF - ED
S AR EF - ED
PEF -BW AT 3,

€13 the concentration of the cantaminan in the

ADD inbedetion =

s0if; IngR i$ the ingestion rite of the soil; £EF is an

exposure frequency; £D is an sxposuré dura T B

is an.average body weight; 47 is an avernging time;

IR is an‘inhalation rate; PEF is a particle smission
facrory 54 15 a.surface area of the skil thial coniacts

the s0il; SAF is 4 skin adherence factor for the soil-

ABXisa dermal absomfion tactor {chenucal gpacific),
Factors used in the rigl asscssinent equationg are
given 'in Tabie 2.

Nou-carcinogenic: effects of cach. heavy metul
i S0 vedre assessed using the hazard quotient { O,
forsoi) and hazard index {}/) according 1o, Eg.5-7.
while earcinogenic effects ol leavy menals in soil
were.assessed using the carcinogenic risk FERY
total earcinogenic risk (TCR) by Eq. 8 and 9.

00

xiﬂ_D.dm,__,” al =

BW . AT 4

TABLE 1
Tcl"minulugies.fnr-the‘ assessiment of agricultural soil contantination hv heavy metals based O S,

CLAS 0, unpoluted
‘CLASS 1, from unpolluted to modetiiel
CLASS 3, moderately poflused

Taew S0
¥ poliuted O fo 511

2ol

;} < ;,-_-g-rl T2

CLASS 3, from moderately te strongly poiluted 2053

- CLASS 4, strongly pollinted REY <

CLASS 5, froin strongly to extretely polinied L
CLASS 6, exticniéby polluted Lo >3
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TABLE 2
Factors used in'the risk assessnient equitions,
Faetar Value Reference

fngR tmg-dayh 100 {13}

IR (ni%-day!) [7.5 [13}

EF {days year" 350 [14}

ED {years) 30 [13]

W (k) 59.4 [15].

AT (days) (Non-carcinogens)  [R-ED [16]

AT (days) (Carcinogensy BIF-70 [16]

PEF (m* kgty 6.2:10° [13]

84 (end?) 3006 113}

SAF (mg-cm? day ) 0.07 [13]

ARBS 0.001 [12]

ABS (Ag) 0.01 {1213

e A hand, mean: concentrations of heavy metals in-min-
M= }?—*BL ing drea were considerablehigher compared with re-
J 5 spective values in econtrol arca. Condeitrations ol
TH Q=% HQ; (6) heavy metals in mining areawere ran k;.d i descenl-
N i g order 4s Zn > Ph> Cup Cr> Ad- Cd> H o The
Hl =3 THY; (M mean concentrations 0FZ;1_'{(§6I;7%1'4?.-:)’?'mg‘kg_“)_._
CR= 411, . i Ph {660.60£99.65 mgkg™), Cu (11333217 65
CR{ R ADD'-; S (8) mg-kegand Od 12494036 mgkg ), éxceed their
TCR = 2 CR 9y MAC values tndicating considerabie poilution by Ph

RID, is reference dose which preseins 1he max-
imum daily doseof eack individual metal from'a spe-
cific exposure palhway (mg-kg ' day ) |, thatis be-
lieved nat to I8ad to.an appreciable visk of deleteri-
vus-effeets Lo sénsitive individuals during a lifetinie:
CR: s a’cancer sk of each individual heavy metal,
SF s a slope factor for carcinogenic exposure
fmgkatday ') {17]and 7CR is 4 total cancer rigk.

For FHI<1, it is believed that there is'no signifi-
cant risk of non-carcinogenic effects while. for Hi=1,
it répresents a greal chance of non-carcinogenic ef:
lecis. According 1o USEPA reguiatory the tolerable
cancer risk TER is inthe ratige from 1] to 1104
[ i.."}_

Statistical anulysis, The data obtained ‘in - this
study were' éxpressed as mean Estandard error of
samples per examined location. Data proceéssing and
statistical analysis were peiformed using Microspli
Exeel 2003 (Microsoft, Redmorid, WA, UISA). SPSS
v.20.0 for Windews (SPSS, Inc., USA) was used tor
perform Pearson's correlation’ analysis and PCA
(Peincipal Component Analysis):

RESUJ.:rs;ANu.mscu‘ssmw

Heavy metal concentrations in‘agricolmral soil
collected in the vicinity of nring and lead and zine
and control drea m P avla municipaiity are given in
Figure 1. 1t is evidem that in contred soif concentra-
liong of all investigated: metals were below (heir
maximum allowed concetitraiions {'_-MAC') in soil pe-
cording to Monlenegrin legislation [19]. On the other
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and Znwith the-dvgan concentrations around 13 and
2 times higer than their MAC values. The mean con-
tent of Cu and Cd slightly exceeded MAC value in
this study area while onceritrations of As; Hg and Cr
were below the presciibed limis, The resulis oh-
tained are 1o agreement with te’ previously reported
results that Pb, Zn and Cd are major seil poliutants
d¢aused by the anthropogenic activities in the mings
of Pb and Zn [20-22],

A polential souree of heavy mictals in favesti-
gated seil samples nesy the: mining ared iy Pligvlja
mumicipality was identified using Peurson's comela-
lion coefficient analysig (Table 3) and pri neipgal cor-
ponent analysis (PCA) (Fi gure 2.y Pearson's corncl-
lion caefﬁcik:nt-s-o_f‘h__ca»;_v mctals in soilsamples near
mining area are shown i Table 3. A significantly
positive correlalion of Zn wis found with Cu
{(r=(L876, p<0.01) suggesting thar these clements
originale from the same sources,

Further, beavi. merals solrce was Tdeniified
based. on'the PCA anialysis and two pringipal com P
nents were extracted with the eigenvalues. > -

counting for 72:40% of the total-variances (Table 4

‘aid Figure 2). PCI explained 47.07% o the w1a)

viriance and was characterized by the high loading

of Zn and Cu which. are typical markers. for PhiZn

mining {8]. This is in agreemient with the resuly of
Pearson's -correlation of conlenl of heavy mictals in
mining area. Mareaver, C|
loaded. with As. Pb aid.Cd which are also relaved 1o
mining activities. PC2 explained 33,339 of the tot
variance and was loaded by Cr P, i and Hg, v
amd Hg probably originated fron agricultural activi-
ties induced by the use of pesticides in thi saren [23],

compancii wils
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white Ph and Cd may originate: frgm both, agricul- from both, mining and agricultural activites. Thus,
tural and mining activities [24], Pband Cd aré shared PC2 represent the combination of mining and awri-
metals in PCT and PC2 suggesting that contribution cultural activities. Therelore, anthropogenic factor 15
of these metals is present in both components, but it the main reason for agricultural soil loaded with
is much inore dominant in PC3, ‘indicating origin héavy métals,
Ph Cu
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Heav ¥ metal content’in ag: multurul soil in mining:ang control areas
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PC 2 (25.33%)

WG O

02 ta 0.2 o 0
PC1 (47.07%)
FIGURE 2

Principal component analysis (PCA) of the heavy metal concentratiohs in soils fiom the niining aren

TABLE Y
Pearson's-correlativn of content of heavy metals in mining area
P/Zn minig area '

As Hg Cd Pb Cu Zn Cr
As i
‘Hg 0434 I
Cd H.283 0.501 1
Ph 0.393 .399 0.62% i
Cu 0198 -(.098 .61 0.433 L
Zn 0.586 D018 0.450 0.356 0.876% i
Cr: -0.145 0.464 -0.56% 0.674 0.143 -0.10)2 i
*Coirelation is signilicam al 0,0 level{ 2aailei)
TABLE 4 _ (suggesting unpolluted soil), while lgeo values lor sojt
Principal componett analysis foir PAHs in agri-- collected in the mining aren were ranged from.<2.46
cultural soils Iromn: Pljevlja miinicipality, for Cr 10 4.91 for Pb. indicating the range froim un-
Component ' polluted to category of 'strengly w: extremely poi-
PCI PC2 tuted soil The mican vahues of laeo FOr mining area
- Eigenvalues 330 177 dec_reas_f; in order _Pb:»Cd‘bZn?Cu'? As>Hg>Cr, The
Variance (%) 47.07 25.33 inean value'_lol' [zeo for Ph-(3.33). indicates sirong to
Cumulative ' o exireme soi p_(rllutiu_n by lhi_s netal, while mean
(). ' A7.07 72.40 \'fz:lqe 0{_‘ [_%L:E_. [or Cd points moderate tu strongly pal-
n : 0972 iu’tcd:_s.mi'ln the stady-ares (2.1.7), Lo Tor Zivand Cu
cu U.SQ(}. Tepresent moderalebpo_lfutcd :u?d_ unpol_lu_lud w 'i1}0‘d~
Ax 0.621 eraely: pjo_l_!utgd sm'ls. respectively. Tlu_:_s‘e abtaiied
Cr : 0.878 resulls are m-lmg \_\ixlh ptcrals.jl_‘e .dalfl,_\\’hf:'[‘c Pb__, QI.
Ph 0.510 0798 Zn and Cli_au‘e mdin soil pol_lprahlsI in PbiZn mining
ci 0.607 0.763 area [8] The mean values ol Teoa tor As. Ha and Cr

suggested thar agrieulmral soil in this stidy aren is
unpolluted, stnce the values were neative, This data
sugzests much stronger effect.of Pb/Zn mining area
to heavy meral contamination compared 1o agricul-
wral activities;

Hg 0756

The values of Lo for heavy metals are pie-
sented in Table. 8 Tt is evidént that mean values of
Ly fOr heavy metals in control seils were negative

9040
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TABLE.S
Vidues of 1., of the metals for the soil samples.

Loéation Mctal Min Max  Mecan Contamination eategory

As 246 -151 -19] Unpolluted
Hg -394 298 338 Unpolluted
Pb -1.53 <035 -110 Unpolluted

Cantrol aiea Cd 117 LO3 003 Unpolived

' Cu =245 086 -1.6 Unpolhited

Zn 2221 =070 =130 Unpotluted
Cr  -446 -267 -3.43 Unpolluted
AS -123 0 -0.08 062 Unpoihuted
Hg 364 -035 -1.69 Unpoltuted
Pb .52 491 3.53 Strongly polhited

Mining arexs Cd 068 328 217 From moderately to strongly poHuted
Cu 047 132 063 From unpolluted to moderately poltutéd
Zn 038 288 1.79 Muoderately polluted
Cr -3.03 227 246 Unpolluted

TABLE 6

Results of non-carcinogenic and ear cinogenic risk of different pathways and elements
{values of HT that exceed 1 and valuesof TCR that exceed 1.0E-04 are bolded).

Non-carcinogenic health risk

:f Mining area Control area

= _HQing.  HQinh  HOQder H1 HQing  HQinh  HQder HI
As  1.O9E-01  TOGE-G1  2.65E-01 4.82E-01 321802 32UE-02 782E-02  142B-01
Hg | 99E-04  6.95E-03 284B:02 3.55B-02 3.18F-05 1 JLIE-03  4,34E-03  3.69E-03
Pbh  ZIUSE-01 3.07E-D0  2.12E+00 2.76E400  6.75E-03 6.T2E-03  450E-02  5.85[-02
Cd  420E-03 420E-03 4.20E-0l 429E-01 826E04 826E-04 8IGE-02 8A43F-02.
Cv  4.78E-03  455E-03  1.59E-02 2.53E-02 9:73E-04 927F-04 324E-G3 S 14E-03
Zn  372E-03  3.72E-03  LRGE-02  2.60E-02. 2:92E:i04 2.92E-04  |.46L-03 203E-03
Cr _1.32E-02  1.39E+00  6.62E-01  2.06BE+00 6.10E-03 640G-01 30SE-0]  939E-0
= . Carcinogenic health risk

= Mining area Control aren

- CRing CRisk CRie TCR CRiny CRian CRuir TCR
As  493E-05  A4OTE-04 493E-05 S595E-04 | 44E05 [45E-04  LA4E-05  1.94 E-04
Pb- S.10E-06 4.50E-05 9.10E-06 6.32E-05 2.01E07 9.93E-07 2.MIE-07  1.39F-06
Cd J.53E-06  2.54B-05  LS3E-06 28505 3.04E-07 521E-06 3.14E-07  5.83E-06
Cr L9IE-05  1.60G-03.  7.63E-04  2.38E-03 9.JSE-06 7.69E-04  3.66E-04  1,14E-03

The results of rion-carcinogénic and carcing-
genic bealth risks assessment for in habiitants: caused
by the exposwre 1o the soil via ingestion, inhalation
and dermal contact are given in Table. 6. Samples
near mining area showed potential non-cancerogeric
risk-due wy Pb and Cr EXPOSUTE, while contiol area
samples demenstrated na non- cancerogenic tick for
inhabitants. As shown (Table 6}, the hazard indexes
{or inhabilants in Pb/Zn mine stidy area, exceed |
one for Pband Cr with M1 valués of 2,76 ad 2.06,
lL:.pL(.[I\’d) Contribution of these metals (o wtal HI
i PhiZn soil sampies were 0l 35.3 1
P, while Cd and As-contribute: on Slmlidl levels ol
7.33% and B.67%. |mpc:c,twdvf (Figure 3{a)}. Con-

tribiiftions of other metals (Hg, Zn and Cuj was less:

thaw one,

However, TCR values ihat exceeded tolerable.

cancer risk values were obtdgined foi As and Cr at

s {Cryand 47.21%

904.1

both investigated Jocations: Although the main con-
centralions of As and Cr in conicol soil samples were
below MAC, a certain cancer health risk with respect
topresence of these metals was ohserved in this ey
{TCR=1,74E-04 forAs and TCR=1_] I4E=03 for Cr).
These results nay by intluenced by the use of ferti-
lizers which contain high concentration of the heavy

‘metals. Further sludie's--shmlid be undertaken in-con-
‘rof study area'with more samples, However. il is ob-

vious that the. mk 15 much higher in Ph/Zn soil arca
(TCR= A: 93[ <0+ For As and TCR= 2 38E-03 0 C ',

than iin control samples (3.5 times igher risk for As,
and 2 times higher risk for Cry which indicated thi

soil in'mining area was seriously affected by the in-

feisive mining activilies. The highest cantribution 1o

TCR i Pb/Zn soil samples was observed tor Cr
(77.63%) followed by As (19.38%) while-contribu-
tion of Pb.and Cd is minor {Figure 3(b)).
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Po
2.06% Cd
0:93%

FIGURE 3,
Contribution of different metats to (a) HI tind (b) TCR in mining area mining area,

(2}

®)

LR inh
2.58%

FIGURE 4

Contrilition of each exposure pathway to (a) - total hazardous index {(HI} and (b)

- total caneer risk

{TCR) mining area

Among ‘the-three different palthways of expo-
sure 10 the soil near Pb/Zn mine area (Figure 4(a)),
devmal contact was recognized. as the main heaith
non-carcmogenic risk (60.69%) fullowed by ingex-
tion {31.46%) and inhalation (7.85%%). Further, the
carcinogenic health risk-at this lecation posed by-car-
ciogenic clements via ingestion was e highest
with: the contribution lo the totul cancer risk of
70.63%s, follewed by dermal contact with the contri-
bution of 26.79% and s | 'coml'ibmib_n_ of inhald-
ton patliway of d 2.58% {Figure 4{b)j.

CONCLUSIONS.

Heavy metals (As, Hg, Cd, .Pb, Cu, Zn and Cr)

.poliution of agricultural sail samples-collected in the:

vicinity of mine of ead and ziric.and control area.in
Plievlja municipaiily {Minteriegro) was estimated.
Furthermore, lealth risk assessment. wis evaluated.

8042

The results indicated no soil pollution b y licavy met-
als in the controd study -area. However, resulis ob-
taited indicated the considerable soil poHution hy Pb
and Zn in the mining area. Concentration of Cu.and
Cd were slightly over the MAC levels while there
was ne contamination by Ha, Cr and As. Heavy
metal contents in soil collected near the mining arca
followed desegnding order as
Zn>Pb>Cu>Cr>_As>C.‘d>Hg_._ Pb and Ziy die the most
harmful elements in the miing area and should be
givem prigrity in foeal visk managenient, The ecolog-
ical assessment performed by g values revealed
strong soil poliution by Pb. moderatcly to. heavily
polluted soil by Cd, moderately polluted by Zn and
unpoliuted 1o moderately palluted by Cu. L values:

showed na poliution in eontrol soil samples, The re-

suits of” non-carcinogenic higalth fisk assessment

have shewn that near PbiZn fivine area inldbitants

havefaced non-carcinogenic risks concerning Ciand
Pb presence in sofl. The exposure: pathway af the.
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studied heavy metals decreased in the following or-
der: dermal contactsingestion >inhalation, Incontrgl
samiples, HI values weré below |, . showing no non-
cancerogenic risk of soil exposure. The carcinogenic
risk values for As and Cd weré gbove the threshald
value (=107 mdl_(_,almg caieinogenic health risk for

infiabitants in both stady areas, Dérmal contact was.
e dreatest contributer 1o the carcinogenic tisk fol-

Towed by ingestion and inhalaiion pathway at both
sampling sites, but a much higher risk was obscwed
by exposure to soil near the mine of Jead and zing
than 1o contra! soil-sariples. The resalts. 0b1am<,d in
this study mdl-.alus that soil remediation is u15ulr|y
needed in mining.area.
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Interhational Symposium of Ecologists, ISEM8; 2-5 October 2019, Budva, Monteriegro, Abstract book, p.
110.

Bigovic, M., Pantovic, 8., Mifasevic, [, ivanovic, Lj., Djwrovic; D., Slavic, V., Popovic, M., Vivic, M.,
Roganovic, M Qrganic composition of Igaio bay peloid (Montenegro], !nd:an Jotirnal of - Trad:t:onaf
Knowledge, 2079, 18(4), 837-848.

Bigovic, M., Jovanovit; J., Majstorovic, H., Panfovié, S., Roganovic, M., fvanovi¢, Lj, Diurovic, D.,
Popovié, M.; Determmaﬂon of proteiris and carbohydrates in tgalo bay pelold (Montenegro) , o~
Conference of the Serbian Biochemica! Society: 'Diversity in. Biochemistry'14-16 November 2018,

Belgrade, Serbia.

Damnjan Nuculovic, Miljan Bigovlé, Yannick Ney, Claus Jacobs, Synthesis of schiff bases and their
antirmicrobial activities, Montenegrin intemational medical summit, 3-6. Qcfober 2019, Podgerica,
"Montenagro, Abstract Bock p.80.

Bigovié, M., Jovanovi¢, J.. Majstorovié, H., Pantovit, S.. Roganovié; M., Ivanovié, L], Djurovig, D‘
Popovié, M., Determination of proteins and carbchydrates in lgalo bay pelojd (Montéenegro) ,
Conference ofthe Serbian’ Biochemical Socisty: ‘Diversity. in Biochemistry14-16- November 2019

Belgrade, Setbia.

Damnjan Nuculovic , Mifjan Bigovic, Yannick Ney, Claus Jacobs, New Schiff Bases and Their
Anfimicrabial and Anticancer Abilities, 5" International Medical Student Congress, 20-22. Februar 2020,
Sarajevo, Bosna and Herzegovina, Abstract Book p:103,

Ostale aktivnosti i interesovanja:

-Clan Srpskog hemijskag diustvai Drudtva hemigara Crne Gore;

- Ugesdte urealizacii 1., 2. | 3. Festivala nauke Republiks Srbije {2008- -2011);

- Clan Organizacionog q_dbora 14th European Conference of Chemistry of the Environment {European
Meeting on Environmental Chemistry, EMEC), 4-7. Decembar 2013.,-Budva;

- Autor {. cc;en;wac takmicarskih testova iz hemue u organizaciji lspltnog centra Cre Gore;.

- Autor i ocjenfivaé takmiSarskih zadatska i koordinator hemijskag kolegijuma. Olimpijade zZnanja u
arganizaciji Prirodno-matematitkog fakulteta Cme Gore;

- &lan fondzaciie za promavisanie nauke , Prona* od 2014, godine — angaZovan kao. mentor radova iz
oblasti hemife na Zimsaj 3keli nauke, kao predavad. | organizator. praktikuma. iz hemi;a na Ljstnjo] Skoli

nauke;
- Koordinator za thIle -za takmitenje ,,Olimpijada znanja™ u organizacm Prirodno-matématickog

fakulteta Univerziteta Cme: Gore
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~Mentor | vodia crnogorskog timarna 51. Medunarodrioj hemijskoj olimpijadi (5" ICHOY, odrzanoj u julu
2018 godineg U _P-ar_izu, Francuska.

- Ugesnik na veéem broju bilateralnih projekata izmedu-Cme Gore sa jedne i Srbije, Hrvatske, Slovenije
i Madarske sa druge strane.
- istraZivanje zagadenja cmogorskeg primorja 1 Skadarskag. jezera sa organckalgjnim Jedinjerulma i
toksi&nim metalima {Crna Gora-Hrvatska, 2014~ -20186);
-Uticaj teskih metala na promjenu metabolizma fekovitog bilia (Cma Gora-Srbija, 2016- 2018),
- Sintéza, karakiefizacija i bicloski aspekti novih ditickarbamatnih kompleksa nekih prelaznin metala {Crna

Gora-Srbija, 2016-2018);

- Sinteza, fizitko-hemijska i sirukturna isirazwanla novih, potencijaine biolodki aktiviih Sifovih baza-derivata
ditiokarbamata (Crma Gora-Hrvaiska, 2016-2018); _

- Sinteza, fizicko-hemijska karakterizaca i potencijalna biolodka karakierizacija-aktivnost novih
kompleksnih jedinjenja prefazrih metala sa pirazolom i njegovim derivatima (Crna: Gora-Madarska, 2016-
2018); '

- Modeliranje grafovima u matematidkoj hemiji (Crna Gora- -Slovenija, 2018-2020).

Rukovodilac je bilateralneg projekta sa Srbijom pod nazivom ,, Sinteza Sifovih baza i iSpltNaFIje njihove
antimikrobne i anfioksidativne sposobnosti, za period 2019-2021.

Clan je projekta , Balneoloki efekti pelaida, mineralne vode, l}ekDVIth i aromaticnog

bilia-na inflamaterni cdgovor kod reumateidniti  kardiovaskularnih bolesti {pericd 2018-2020).

Clan je Centra {zvrénosft Centre-of Excellence for Biomedical Résearches CEBIMER, kao rukovoditac
istrazivanja u oblast hemije, i Elan naucnog odbora Centra,

Regenzent , Priruznika za laboratorijsku dijagnostiki®, autora Snezane Pantovi i lvana DoZiéa; t izdanji
Medicinskog fakulteta Univerziteta Cmeé Gore, Podgorica; 2017,

Autor poglavlja u udzbeniku ,,Osnovi bichemije” za studente visoke medicinske Skole, urednika Snezane
_Pantovié; Medicinskog fakulieta Univerziteta Crae Gore Padgorica, 2018,

Koautor udZbenika , Hemija za Setvrli razred gimnazije” u izdanju Zavoda za udZbenike i nastavna
sredstva, Podgorica, 2020, godine,

Recenzent ,,Zbirke zadataka za detvrti.razred gimnazije" autora Stanojke Vucurovit, Zeljka Jadimovica i
Viatka: Kastratowca u izdanjit Zavoda za udZbenike | nastavna sredstva, Podgorica, 2020; godine.

‘Siranica 5/ 5 — Radna blogiafiia | 2a.dodaine informiace.o Europasiu posjétite hfipfetiropass.cedélop.europa.ed
© Evropske zajednice, 2003 20060628
Obrazac prilagodila ma;abrografja con



Broj:18040
Dalum:19.06.2018.

Na osnovu Slana 72 a u vezi sa &lanom 73 | 74 Zakona o visokom obraz vanju-("SL list CG™. br, 44/14)4
Giana 103 st 7 Stahsta Univerziteta Donia Gordes br. 1848 od 02, novemura 20410, gadine, Praviinika
Senata UDG-3 o opétim uslovima zz izhor  skademsis Zvanja na Univdreitets Oonia Gorica (UDG]) br,
2811 od 23.03201%. goding, Fraviniba & biim uslowtima | postupky gbers o akademska Zvanja na
Fakultetu za prehrambeny tehnalogijy, bezniednost hrare | ekoinglu of 02.10.2013, godine, Nautno
‘nastavno viete Fakuheta za prehramseny whnoiegl, bezbjpunost hrgne | ekologiju na XN sjdniti
-odrzancj 09:06.2016.godine, donosi

QoLoKY
0 Imerovanju u 2vanis dectaa

imenuje se:

-~ dr Dijana Durovié, u zvanie docarsa o fetos obisst analiiéka hemila na Fakolety za
S Lo -~ " 2 S N . . . L J
prehrambent tehnologiju. bexbiednost hrans | exeieegy. Univerzitstd Donja Gorica:

Qian 2,

Za realizaciju ave odiuke zaduZuje a8 mir Serois Thiaj, wensdds UG,

San 2,
Odiuka 's_tupa fa snagu danom donadenia o primanpuate su od dans dbvanje saglasnost na istu od
strane:Senata UDG4a, s

DEKAN

profesor dr Vesng Maras

s F [
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Liéni poctaci
Prezime(na) / fme{na) | Purovié/ Dijana
Adresa(g) | Slobiode 59, Podgorica
Telefonski broj{evi) | +38220664844 Braj mobitnog | +38206702660459
talsfona !

E-mail | dijana.diurovie@iizog,me

DrZavijanstvo | Cmogorsko
Datum reenja | 11081970
Pol | Zenski

fee'ij'eno zaposlenje / zanimanje. | Hemigar/biohemigar

Radno iskustvo |
Datumi | Od juia 2017
Zanimanje iliradno mjesta ; Direktor Centra za zdravsivenu excloqijt:
Glavni posiovi i odgovornasti -rikovodenje | organizaiciia Centra za zdravstveny ekalogiis,
- bavljenje naucno istraZivackim radom
~ uvodenje novik meloda u analiticl hrane | Fivatne Sredine

Ime j adresa poslodavea f Inshituty za javac zdravije, Diona Dieksanz bb 81000 Puodgories
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Vrsta djelatncsﬁ ili sektor
Datumi

Zarimanje 1 radno mjesto
Glavni poslovi | odgovornosti

Ime i adresa posiodavea
Vrsta djelatnosti ii sektor:

Datumi’

Zanimanje il radno mjesto

Glavni poslovi i odgovornosti

Ime i adresa posiodavca
Vrsta djelatnostiili sekior

Ohrazovanje | osposobljavanje

Datumi

Naziv dodijeljene kvalifikacije

Glawni predmeti / stederie profesionslne
vjestine
tme | vrsta organizacije cbrazovne
instituciie .

Siranica2 /9~ Radna biografija |}

Medicina i zdravlje:
2002-2017

Sef laboratorife za ispiivanie vode, vazduhs i zemjista

- Rukovodenje faboratorijom

- Analiza teSkin meiala v hrani, Zivolng] stedini | biolodkim uzorcima
- Bavlienje naudno-istrazivadiim radom

= Uvodenje novih meionda

Inslitulu za javno zdravije, DZona Dzeksana bb 81000 Podgedca
Medicina i zdravije

1995-2002

Sanitami hemigar

-~ Analiza vode, hrane, zemijisia

- Qdretivanie teskin mefala.

- Analiza pesticidd, antibiotika

- Kontrola kvaliteta

Institutu zajavno zdravlie. Diona Dzekssna bb 81000 Podgorica
Medicina i zdravlje

2047

_Doktor nauka bichiemiis

Odbranjena dokiorska disertaciia iz obiast esencijainih mikroelemenata i antioksidativhog statusa
humanih uzoraka {miijek: | serum) '

Hemijski fakultef Urilverziteta u Beogradu

Za diodane informatie. o Evropassu posjetite ity Hetropess cedefop.surspaky



Nivo prema nacionialnoj il
medunarodnej klasifikaciji

Datumi
Naziy dodue!jene kvalifilacije
Glavni predmeti / stecene
profesicnalne v;esune
Ima { vrsta organizacije obrazovne
instifucije
Nivo prema nacionalnoj i
medunaradnoj klasifikaciji

Datumi
Naziv dadijeljene kvalifikacije
Glaviii predmeti / stecene profesionalng
viestine
Ims : vtsta organizacije: obrazovne
institociie

_ : Datumi
Maziv dodijeljene kvalifikacije
Glavai predmeti / steéene
profesionahe vigStine
[& vrsta organizacije obrazovne
‘instituciie
Nivo prema nacionainoj il
medunarodnoj klasifikaciji

Liéne vjestine i kompetencije

Maternji jezik(ci)
Drugt jezik{c])

Samoprotjena
Evropski nivo {*)
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Lyl

2010

Magistar hemijske tehnologije

‘Odbranjen magistarski rad na temu odredivanje sadrajs teskih metala u uzorcima zemijidta [ hrane u
zetskoj ravnici

Metalursko-tehnoloshi fakulist Uriverziteta u Podgorici
Vil

2002 |
Specijaiista sanitarne heriie
Qdbranjen specijafishicki rad na femy fedki metali u bunarskaj vodi Zelske ravnice

Farmaceutski fakultet Univerziteta u Beogradu

1495
Diplomirant hemizar z2 istraZivanje | razvoj
Hemija, analititka hemiia, arganska, neo roenskd, instrumentalne metode.
2010 _
oepiekF fiek b miverminieu Beogrady
Odbranjen magistarsid rad na feme odredivanie sadrZzaia tedkih metala u uzorcima zemijidta i hrarie u
zetskoj ravnici
Vil

Metalursko-tehnolodki fakultet Univerziteta u Podgericl
VIl

2002
Specijalista sanitame hemije
Odbranjen specijalishicki zad na tem e5ki mataliu bunarska] vodi Zetske ravnice

Farmaceutski fakultet Univerziteta u Baogradu

zavrsita osnovni kurs iz toksikologiie u croanizacil farmaceisskog fakuletetd u beogradu, jun 2011

¥IST

zavrSita kurs razvijanie ansitiokin sposchnasii u organizacii tehnickog komiteta opew u holandiji, jun-juy

2006

SPECIIALIZOVANA U UPTREB! RAZLIGHIH ANALITIZKIH TEHNTKA KAD-STO SU [CP-OES, ALS, GFAAS, GC, GO/MS,

: Crnogorski

Engleski

Razumqevan;e Govor Plsanje
S|USEI’1]E ' f;omr’:am[erﬂkc, Ccuoma.p:odtj}_(_cfja

CZ‘ iskusn]-korignik C.:’ skusti karisnik lai.JSﬂ:k!}l’iS!il\ C2 Yskusni korisnik

g Za dodatne informasie o Eumvassn posietite it fedmp3 t cenefap.eurbpaiey

[C2 E Iskusni korisnik |



(¥ Zalednicki evropsii «afarentnd okvir 24 fezike

Visoko mofivisana na poiju tstraZivanja ¢ oblast Zivolne sredine, plus izuzetne menadzarske
sposobriosti. 22 godine radnog Iskustva u WZ, 15 .godina kao sopecijalista sanitame hemije u obiasti
kontrole | bichemije hrane ! Zivotne sredine. Ugestvovala u nekoliko nacionalnih naugnih projekata. Kao
dic tima u€estvovala v ssnivanju prvo Centra izvisnosti u CG. Dobre kemunikacione sposobnosti stedene
kroz uceste na mnagim kenferencijama &'l kao predavad. Iskustvo u radu u muttidisciplinarom timiu.

Drustvene vigstine { Kompetentije

Organizacicne viestine | kompetencife Iskustvo -t projektima | uptaviianjem projektimaGood experience in project and team managerent.
' ' s - Koordinator | administrator u nekim nacionalnim i medubaradnim projektima.

Focal point za Protokel voda | zdravije pri Ministarstwy zdravi, _
Glan‘mnogih kemisija » Ministarstyy ekeiogije | Ministarstvy pofjopriviede, vodoprivrede | Sumarstva.

Ratunarske vieitine | kompetencie Windows XP, Microsof: Office ™ tools, irtarnet

Vozagka dozvola. | B kategorije

Dodaci | Biografskii bibliografski padach

‘dr. Difana Burovic, )

Dijzna B. Burovié.rodena je 11.08.1970. godine u Podgorici, Cma Gora. Osnovru $koli | Gimnaziu zavrila je u Podgorici. Diplomirala fe na Hertijskom
fakultgtu Univerziieta v Beogradu, smier diplomirant hemicar za istrafivanje | razvo 1995 gddine. Specijaizacijy iz Sanitame hemié- zavréia je na
Farmacautskorn fakultetu Univerziteta u Setgradu 2002. godine: Zvanie far hemiske tehnelogijle stekda je 2010. godine-na Metalursko-Tehnofoskom
fakulietu Univerziteta Crne Gore. Zvanje doktor nauka-biohemijske nauke siekla 2017, gadine na Hemijskom fakultetu, Univerziteta u Beogradu,

U-aprilu 2013. godine zawrsifa Kurs o teSkim metalima-vafidacia metoda ©: okvinz projexts ‘Bezbiednost hrane u Ernoj Gor) u Teramu, italiia. “Osnovni kurs:
iz wlsikologie” & organizacii EUROTOX, Beograd, Stbija zavrsila u juiu 2011, godine. Razvijanje analititkin. sposonosti-kurs u organizadi Tehnickog
sakretaijata OPCW {Organisation for the Prohibition of Chemical Weapons; 1 Holangii (el zavisitau julu 2006, godine.

{3d septembra 2010, godine radi kao saradnik na Farmacautskon fakultety Univerzitela Crme Gore ng predmetima Farmaceutska. analiza i
koetrola liekova i Tosikologiia sa analitikom. _ ' '

Od septembrg 2014. godine-angaZovana kao predavad na Fakultets za pralirarsheny tehnologiu, bezbjednost hrane f ekologiju na UDG-u na
predmetimia Tshnologija voda i Analitidka hemifa. - '

Publikacije:
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10.

1.

2.

Radovi publikovani u medjunarodrim éasopisima (SCI tista)

Liubica Ivanovi¢;, Ana Topalovié, Vidnja Bogdanovic, Dijana Burovié, Boban Mugosa, Mitka Jadranin, Vele
Tegevié, Viadimir Beskaski, “Antiproliferative activity and antioxidative potential of Swiss chard from
Montenegro, grown under different irrigation and fartilization regimes”, British Food Journal, 2021, DOI:
10.1108/BF J-11 -_202_{_]41.062'

Ana Topalovie, Mirko Knezevic, Bal$a Bajagic, Ljubica anovié, Ivana Milagevié, Dijana Durovic, Boban
MugoSa, Ana Podolski-Reni¢, Milica Pesic, ,Chapter 20 - Grape (Vitis vinifera L.): health benefits and
effects of growing conditions. on quality paranmeters”, Biodiversity and Biomedicine. Our Future 2020, pp
385-401

Ireria Nikoli¢, Dijana Blurevié, Smilja Markovic: Liljana Veselinovié, ivona Jan_kovié'-éastva'n,_ Vuk V Radmilovic,
Velimir R Radmilovig, “Alkali activated siag cement doped with Znrich electric arc furnace dust”, Journaj
of Materials Research and Technalogy Volume 9. Issue 6, November~December 2020, Pages 12783-12794

Danijela Joksimovi¢, Ana PeroSevic, Ana Castell, Branka Pestorié. Danijels Sukovié, Dijana Durovié,
Assessiment of heavy metal pollution in surface sediments of the Montenegrin coast: a 10-year review, Journal
of Soils and Sedirients volume 20, pages 2598-2607(2020%

Miljan Bigavic, Shezana Pantovic, fvana Milasevic, Ljubica lvanovic, Dijana Djurovic, vieroslava Slavic, Milica
Popovic, Miroslav Vivie & Milovan Roganovic, "Organic composition of igalo bey peloid (Montenegro)”,
Indian Journal of Traditional Knowledge, Vol 18(4), 2019, pp. §37-848

Marina Jaksic, Milica Martinovic, Najdana Gligorovic-Barhanovie, Alsksandar Vujacic, Dijana Djurovic and
Mirjana Nedovic-Vukovie, "Association between inflamration, oxidative. stress, vitamin D, copper and
zinc with pre-chesity and obesity in school children fram the city of Podgorica, Montenegro” J Pediatr
Endocrinol Metab; Vol 32, Issue’9, 2019, pp 951-958 '

Ljubica Ivanavié, .lvana__:Milaéevi'é, Ana Topalovi¢, Dijana Plurovié, Boban Mugosa, Mirko KneZevig, Mirosiav
Vvic, "Nutritional and phytochemical content of Swiss chard from Montenegro, under different
fertilization and irrigation treatments”, British Food Journal, Yol 121, issue 2, 2019, pp. 411-425

irena Nikoli¢, Dijana Burovié, Milena Tadi¢, Vuk V. Radmilovic & Velimir R. Radmilovi¢, Adserption kinetiés,
equilibrium, and thermodynamics of Cu2+ on pristine and alkali activated steel slag, Chemical
engineering communications, dostupan onfine 8.11.2018. na hitps:idoi.org/10.1080/00986445.2019. 1685986,

Banijeta Joksimovica, Ana Castelli, Ana Perogevi¢, Dijana Djurovic, Slavka Stankovié, Determination of trace.
metals in Mytilus galloprovincialis along the Boka Kotorsia Bay, Momtenegrin coast, Journal of Trace
Elements in Medicine and Biology, 2018 Vol 50, 601-608 '

Ana Perogeviéa, Danijela Joksimovi¢, Dijana Durovic, Ivana Milasevic, Milena Radomirovic, Slavka Stankaovié,

Huiman exposure to trace elements via consumption of mussels Mytilus galloprovincialis from. Boka
Koiorska Bay, Montenegm,_ Journal of Trace Elements in Wedicine and Biolo gy, 2018, Vol 50, 554-559

Ana Perodevi¢, Lato Pezo, Danijela Joksimovig, Dijana Burevig, lvana Milasevic, Milena Radomirovic, Slavka
Stankovic, The impacts of seawater physicochemical parameters and sediment metal contents on trace
metal concentrations in mussels—a chemometric approach, Environmental Science and Polliition
Research, 2018, https://doi.org/10.1007/s11356-2 1828555

Vlatko Kastratovié, Miljan Bigovié, Zeljko Jadimovié, Milica Kosovié, Dijana Burovi¢, Sladana Krivokapic,
Levels and distribution of cobalt and nickel in the squatic macrophytes found in Skadar Lake,
Morntenegro,  ‘Environmental Science and Paoilution Research 2018, 25:26823-26830,
hitps://doi.org/10.1007/511356-018-1388-5
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18,

19.

20.
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22,

23,

24,

25,

28.

27.

28,

29.

30.

. Dijana Djuravi¢, Branka Milisavijevié, Boban Mugosa, Nikoleta Lugonja, Srdan Miletic, Snezana Spasté,

Miroslav Vivi¢, Zine concentrations in human milk and irfant serum during the. first six months of
factation; Journal of trace elements in-medicine and biclogy, 2017 Vol41, 75-7

Viatko' Kastratovie, Zefjko Jacimovic;, Mijan Bigovié, Mitica Kosovi¢, Dijana Durovié, Sladana Krivokapié,
Seasonal patferns of Cu in a system of sediment-wafer-macrophytes, Fresenjus Environm. Bull. 2017;

26(2): 1247-1253

. Dijana  Burovié, Branka Milisavljevic. Miriana Nedovié-Vukovié, Branislav _Potkonjak, Mirosiay Vrvié,

Determination of Microelements. in Human ¥itk and infant Formula Without Digestion by ICP-OES, Acta
Chimica Slovenica, 2017; 64(2): 276-282.

Simeon Mini¢, Milo$ Jesic. Dijana Burovié, Srdjan Miletis, Nikoleta Lugonja, Vesna Marinkovié, Aleksandra
Nikolic-Kokig, Snezanpa S pasi¢, and Mirostav M. Yvi¢, Redox properties of fransitional milk from mothers of
preterm infants, Journal of pediatries and child health, 2017 del 10.1111ipc. 13676,

irerd Nikolic, Ana Dfincié, Dijana Djuro.via Liffana Karariovit, Vuk V. Radmilovié, Velimir R: Radmilovig,
Kinetics of electric arc furnace slag leaching in alkaline solutions, Corstiuction and Building Materials,
2016; 108(1)3:1-9

MUgoﬁar Baban, ‘Buravié D, Nedovié-Vukovic M. Badaktaravic-Labovie 3., Vivic M. Assessment of
ecological risk of heavy metal contarnination in coastal municipalities of Montenegro, International
journal of environmental research and public health, 2016; 13(4).1-15, -

Irena Nikofi¢, Milena. Tadi¢, Dijana Burovié, Radomir Zejak, Boban Mugo$a, Stabilization/Solidification of
spent grit-in fly ash based geopolymers, Environment Protection Engineering, Vol. 41, No. 2, p. 5-14
(2015) ISSN: 0939-8358

Boban Mugosa; Diiana-ﬂu’ro\rié, Aleksandra Pirnat, Zorica Buiat, Sneana Barjaktarovié-Labovié, Evaluation
of risk assessment to children's. health based on the centent of reavy metals. in urban soil samples of
Podgorica, Montenegro, Voinosanit Pregi 2015, 72(3): 807-812.

i.(“ia:stv_an_—Ja_nkovié, J. Krivokapié, D. Burovi¢, V.V, Radmilovic, V.R.Radmilavié Geopolymerization of low
gracle bauxite, Materiali in tehnologije, Vol.48, No. 1, p. 39-44 {2014), ISSN: 1580-2949

Kastratovic, V., Krivokapié, S., Bigovi¢, M., Burovig, D., Blagojevié, N. Bloacumulation and transiocation of
heavy metals by Ceratophyllum demersum from Skadar Lake, Montenegro. J. Serb. Chem. Sac. Vel. 79, p.
1-24 (2014) ISSN:0352.513¢%
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Univerzitet Crne Gore

Un}vezsitﬁy of Monfenegro

Na osnovu Clana 72 stav 2 Zakona o visokom obrazovanju
(»9luzbeni list Crne Gore", br. 44/14, 47/15, 40/16, 42/17, 71/17,
55/18, 3/19, 17/19, 47/19, 72/19 1 74/20 i 104/21) i &lana 32 stav
1 tacka 9 Statuta Univerziteta Crne Gore, Senat Univerziteta
Crne Gore, na sjednici odrzarnoj 20.07.2022. godine, donio je

ODLUKU
O IZBORU U ZVANJE

Dr SLADANA KRIVOKAPIC bira se u akademsko zvanje
redovni profesor Univerziteta Crne Gore Botanika na
FPrirodno-matematickom fakultetu Univerziteta Crne Gore,
na neodredeno vrijeme.

.~ SENAT UNIVERZITETA CRNE GORE
o PREDSJEDNIK

Prof. dr Vladimir BoZovi¢, rektor_

o ﬁf:“{..-"”"‘k,_, e s



Studijski program biologija, DZordZa Vasingtona bb, 81000 Podgorica
Telefon: + 382 20 243 816; fax + 382 20 243 816

e-mail: sladjanak@ucg.ac.me

SCOPUS ID: 30467845000

ORCID ID: 0000-0002-6806-2350
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biljaka i

OBRAZOVANIJE

Godina Stepen Institucija Oblast
2006. Doktorat Univerzitet u Novom Sadu Biologija/Fiziologija biljaka
1998. Magistratura Univerzitet u Novom Sadu Biologija/Genetika
1992. Diploma Univerzitet u Novom Sadu Biologija
: AKADEMSKA ZVANJA :
12017- : Vanredni profesor za predmete Anatomija i morfologila biljaka i Fizi

2012.-2016.:Vanredni profesor za predmete Anatomija i morfologija biljaka i Frﬁ&nﬂ&uj g o

2006-.2012.: Docent za predmete Anatomija biljaka i Fiziologija biljaka '

1999.-2006.: Asistent, Katedri za Botaniku, predmet Fiziologija biljaka

1994.-1999.: Prirodno-matematicki fakultetu u Podgorici {angaZovana za izvodenje vieshi na predmatxma Anatomija

biljaka, Fiziologija biljaka i Marinska biologija)
1992.-1993.: Saradnik ne predmetu Genetika, Odsjek za hiologiju, Prirodno-matematicki '}%,kul’tet, quSad

12019.-2021.: Phytopreparations-natural materials with supercritical extracts for controiled released of sctive

components- EUREKA
2019.-2021.: Uticaj nacina pripreme biljnih ekstrakata na prelazak teskih metala iz biljke u pnpravak-bilateralm

naucno-istazivacki projekat sa republikom Srbijom

NASTAVA
¢ Anatomija i morfologija biljaka Osnovne akademske
e Fiziologija biljaka Osnovne akademske
e  Kurs laboratorijskih tehnika Specijalisticke akademske
e Bioloski aktivne materije biljaka Master akademske
e Tedki metalii antioksidativna zaitita biljaka Master akademske
e Sekundarni metaboliti marinskih algi Doktorske akademske
e  Tedki metali u Zivotnoj sredini Doktorske akademske
e Biolo3ki aktivne materije biljaka Doktorske akademske
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