UNIVERSITETI I PRISHTINES “HASAN PRISHTINA”
FAKULTETI I SHKENCAVE MATEMATIKE NATYRORE

Rr. Xhorxh Bush, 10000 Prishting, Republika e Kosovés

KERKESE

Pér: Departamentin e Kimisé
Késhillin e Studimeve té Doktoratés

Késhillin e Fakultetit té¢ Shkencave Matematike Natyrore

Lénda: Formimi i Komisionit pér Vlerésimin e Punimit t€ Doktoratés

Duke u bazuar né Rregulloren: Nr. 937, dt. 26.04.2023 pér studimet e doktoratés, kérkoj nga
organet e lartcekura t&€ FShMN-s€, q€ té formojné komisionin pér vlerésimin e doréshkrimit té
punimit t& doktoratés, me titull: “ANALIZE KIMIKE E MBETJEVE Ti NGURTA
INDUSTRIALE, KLASIFIKIMI DHE PERDORIMI I TYRE Ni EKONOMITE

QARKORE?”.

Kérkesés ja bashkangjes:

» Punimin shkencor
Déshmité e pjesémarrjes né konferenca shkencore
Chapterr, (kapitul libri n€ gjuhen angleze)
Monografi shkencore
Kopjen e doréshkrimit

Pélqimin nga mentori

YV V V V VYV V

Formularin F6

Prishtiné:/ﬂ/ [737 Dol &[\

Kandidati:
WMMMMMUU%k@




UNIVERSITETI I PRISHTINES “HASAN PRISHTINA”
FAKULTETI I SHKENCAVE MATEMATIKE NATYRORE

Rr. Xhorxh Bush, 10000 Prishtiné, Republika e Kosovés
Tel: +381-38-249-873 » E-mail: fshmn@uni-pr.edu

N Az g Prishting dt Allpo S (Zo2 5
Pér: Departamentin e Kimisé

Késhillin e Studimeve té€ Doktoratés
Késhillin e Fakultetit té Shkencave Matematike Natyrore

Lénda: Pélqim nga Mentori, pér dorézimin e doréshkrimit t€ punimit t& doktoratés, me titull:

“ANALIZE KIMIKE E MBETJEVE TE NGURTA INDUSTRIALE, KLASIFIKIMI
DHE PiiRDORIMI I TYRE NE EKONOMITIE QARKORE” té kandidatit, Msc.

Islam Zuzaku.

Mendim:

Kandidati Msc. Islam Zuzaku, ka ofruar t& dhéna té reja, pér ndikimin e ndotjes industriale, né
tri lokalitetet e Kosovés (Mitrovicé, Obiliq dhe Gllogoc), me metale té rénda, si: Pb, Zn, Fe, Ni,
Co, Cr, Mn, As, Cd dhe Cu, gé jané analizuar né mostra t& mbetjeve depozite, té: skorie-sterilit,
hirit, si dhe mostra t& tokés, né zonat e hulumtuara (zona. A, B dhe C), népérmjet teknikave
analitike, si: ICP-OES dhe SAA.

Né kété hulumtim shkencor, kandidati ka mbledhur gjithsej 24 mostra pér analizé kimike, né tri
lokacione t& ndara hulumtuese, pér dy periudha kohore testuese. Analizat kimike (pérpunimet
statistikore), kané treguar vlera té larta t& koncentrimit t& metaleve t€ rénda, né mostrat e

analizuara, pérkatésisht zonat e hulumtuara.

4 Prandaj, vlerésojmé se kandidati ka arritur objektivat kryesore t& kétij hulumtimi shkencor, t€

cilat kané gené:

i) Studimi i burimit té metaleve t& rénda (Pb, Zn, Fe, Ni, Co, Cr, Mn, 4s, Cd dhe Cu), n€: zonat

industriale, urbane dhe rurale (mbetjet: skorie-steril dhe hiri), né qytetet € lartcekura.

ii) Vlerésimi i shkallés sé ndotjes (me metale té rénda), né tokat rreth zonave hulumtuese, si dhe

investigimi i korrelimit gjithpérfshirés, midis deponive ekzistuese dhe tokave bujqésore.



iii) Studimi i reaksionit zinxhiroré, vlerésimi i shpérndarjes sé ndotésve potencial n€ mjediset e

analizuara, (mbetje industriale, toké bujgésore dhe ujérat e lumenjve).

iv) Klasifikimi i mbetjeve industriale, né bazé € origjinés, karakteristikave dhe t€ pérqéndrimit t&
materieve toksike né mbetjet industriale, té cilat jané t& vendosura né deponi t€ hapura tokésore,
pérkatésisht ndarjen e tyre né klasa, si, p.sh: a.) mbetje t& riciklueshme (MR), dhe b.) mbetje

industriale speciale, (MIS).

v) Mundésit (alternativa té pérshtatshme) qé kéto mbetje industriale, pas procesit t& trajtimit
adekuat, népérmjet metodave t& ndryshme, si¢ jané: metodat e riciklimit, metodat fiziko-kimike
dhe biologjike, dhe metoda me depozitim fiks, (né vend qéndrim), t€ inkorporohen si primesa
(shtesé) né 1éndé t& paré (materiali amé), dhe késisoj t& rifitohen materiale t€ ndryshme (¢

riciklueshme) ripérdoruese, né ekonominé qarkore industriale-komerciale.

4 Faktikisht, kéto objektiva pérbéiné thelbin kryesor, t& géllimit t€ kétij hulumtimi shkencor,

sepse kandidati ka vlerésuar (konstatuar), se:

*Ndotja e tokés nga aktivitetet antropogjené, &shté njé ¢éshtie e réndésishme mjedisore,
veganérisht né qytetet e industrializuara, prandaj mu pér kété, éshté vlerésuar impakti mjedisor i
industrive prodhuese, si: “Trepga”, TC “Kosova’ dhe “Ferronikeli”, pérkatésisht impakti i

mbetjeve toksike (skorie-steril dhe hiri), né mjedisin natyroré.

*Fshté pérforcuar fakti shkencor dhe éshté vé né pah, potenciali dhe ndikimet kryesore né
mjedis, qé shkaktohen nga “hot-spotet” e ngurta mjedisore (deponit industriale), né zonat e
studivara.

*Kéto deponi, kané impakt mjedisor t& madh, né: atmosferé, hidrosferé dhe litosferé, prandaj
duke marré parasysh qé deponité ekzistuese rreth zonave industriale, jané t& pa pérshtatshme pér
mbrojtje té mjedisit, dhe késisoj kontaminojné gjithé ekosistemin, andaj éshté nevojé imediate &
né lokacionet ku gjinden kéto deponi, urgjentisht té béhet studimi gjeneral i fizibilitetit, pastaj né
ményré kontinuele kéto deponi industriale, t& kontrollohen dhe menaxhohen né ményré strikte,

nga dikasteret ministrore, pérkatésisht, institucionet kompetente shtetérore.




Né kété drejtim, kandidati ka vlerésuar (konstatuar), se ndotja shumévijecare e mjedisit nga
“Industrité Prodhuese né Kosové”, sidomos nga: kompleksi “New Co Ferronikeli”, kompleksi
“Trepca” dhe TC “Kosova A & B”, kané shkaktuar ¢'rregullime né ekosistem, sepse kéto
industri prodhuese, duke filluar nga eksploatimi i materialit fillestaré, deri tek bartja dhe
prodhimi i produktit pérfundimtaré, né mas¢ t& konsiderueshme kané ndikim né ndotjen ¢

mjedisit.

Prandaj, kjo dukuri paraqget shgetésim & madh tek banorét rezident dhe mé gjer, sepse mundésia
¢ depértimit t& kétyre elementeve kimike, né forma t& ndryshme né mjediset: ajér, ujé dhe toké,
dhe pérmes tyre deri né zinxhirin ushgimor, éshté me se evidente dhe tejet shgetésuese.
Veqgnarisht (sidomos), kur kemi parasysh se koha e qéndrimit t& metaleve t¢ rénda né toké,
gshté mijaft e gjaté, atéheré edhe kontaminimi i tokés, ujérave sipérfagésore dhe néntokésore, me
metale t& rénda, paraget rrezik permanent né pérgjithési pér mjedisin natyroré dhe né veganti pér

speciet e gjalla.

Kandidat, Msc. Islam Zuzaku, gjaté késaj periudhe kohore t& hulumtimit shkencor, njé pjesé t€
rezultateve eksperimentale t& punimit & doktoratés i ka publikuar (punim shkencor) né revistén,
“Environment Protection Engineering” revisté kjo e cila &shté e indeksuar né platformat: Web
of Science (SCIE) dhe SCOPUS, po ashtu, ka publikuar njé kapitull libri né gjuhén angleze,
(Chapters), né: Research Advances in Environment, Geography and Earth Science. Vol.10.
Universiti Sains Malaysia, Malaysia. ISBN 978-93-48119-93-3, DOL: https: //doi.org/ 10.9734/
bpi/ raeges/ V10, gjithashtu ka marr pjes€ né tri Konferenca shkencore me karakter

ndérkombétar, dhe ka té publikuar edhe njé Monografi shkencore, me: ISBN 978-9951-28-469-
1.

> Punimet shkencore:

1. ZUZAKU, J. DHIMITRI, M. SADIKU, J. HALILI, B. ISMAJLL S. DEMAKU

e THE ECOLOGICAL RISK OF CONTAMINATION WITH TOXIC METALS IN THE
SOILS AROUND THE TREPCA COMPLEX, THE KOSOVO THERMAL POWER
PLANTS, AND A NEW FERRONICKEL COMPLEX. Vol. 49. 2023. No. 2 DOL
10.37190/ epe230201.




» Konferencat shkencore:

o International Ankara Multidisciplinary Studies Congress, Ankara— Turkey. https://
www.izdas. Org/ multidicsiplinaryankara.
e IRDCP (International Research and Development Center for Publication). https://

irdep.org/ conferences.
o 1%International Future Engineering Conference held on December 25-26, 2023/, Sirnak
University, Turkey, https://dergipark.org.tr/ en/download/journal-file/29617.

» Chapter:

o Chapters, publication in: “Research Advances in Environment, Geography and Earth
Science”. Vol.10. Universiti Sains Malaysia, Malaysia. ISBN 978-93-481 19-93-3 (Print),
ISBN 978-93-48119-93-4 (e Book). “The Impact of Deposit Materials on Environment
Pollution Around Industrial Areas in Kosovo”. DOI: https: //doi.org/ 10.9734/ bpi/ raeges/

v10.
» Monografi shkencore:

o “Udhézues Teorik dhe Praktik pér Marrjen dhe Pérgaditjen e Mostrave”. Prishting, 2025,
ISBN 978-9951-28-469-1.

Andaj, nga ajo qé u tha si mé larté, vlerésojmé se kandidati, Msc. Islam Zuzaku, ka

pérmbushur té gjitha kushtet/ kriteret, pér dorézimin e Temés sé Doktoratés.

Prof. Asoc. Skender DEMAKU
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F6- Paraqitja e punimit & doktoratés

PARAQITJA E PUNIMIT TE DOKTORATES '

TE DHENAT E PERGJITHSHME
Doktoranti: Msc. Islam Zuzaku
Adresa: Gjilan
Tel./ fax: +383 49 102 233
E-mail: islam.zuzaku@student.uni-pr.edu; alkoslab@gmail.com;

Emértimi i studimit:

Programi i doktoratés - Kimi

Udhéheqési i
studimit:

FSHMN- UNIVERSITETI I PRISHTINES

TE DHENAT PER PUNIMIN E DOKTORATES

Titulli né gjuhén

ANALIZE KIMIKE E MBETJEVE TE NGURTA INDUSTRIALE, KLASIFIKIMI

DHE PERDORIMI I TYRE Ni¢ EKONOMITE QARKORE

CHEMICAL ANALYSIS OF SOLID INDUSTRIAL WASTE - THEIR
CLASSIFICATION AND USE IN CIRCULAR ECONOMIES

shqipe

Titulli né gjuhén
angleze

Fusha e hulumtimit KIMI E MJEDISIT

DEKLARATA E MENTORIT/BASHKEMENTORIT

Kandidati Msc. Islam Zuzaku, ka ofruar t& dhéna té reja, pér ndikimin e ndotjes industriale, né tri
lokalitetet e Kosovés (qytetet: Mitrovicé, Obiliq dhe Gllogoc), me metale t& rénda, si: Pb, Zn, Fe,
Ni, Co, Cr, Mn, As, Cd dhe Cu, qé jané analizuar né mostra t& mbetjeve depozite té: skorie-sterilit,
hirit, si dhe mostra t& tokés, né zonat ¢ hulumtuara (zona: A, B dhe C), népérmjet teknikave
analitike, si: ICP-OES dhe SAA.

N& kété hulumtim shkencor, kandidati ka mbledhur gjithsej 24 mostra pér analizé kimike, né tri
lokacione té ndara hulumtuese, pér dy periudha kohore testuese. Analizat kimike (pérpunimet
statistikore), kané treguar vlera (€ larta t& koncentrimit t& metaleve té rénda, né mostrat € analizuara,

pérkatésisht zonat e hulumtuara.

& Prandaj, vlerésojmé se kandidati ka arritur objektivat kryesore t& kétij hulumtimi shkencor, t€

cilat kan€ gené:

i) Studimi i burimit t€ metaleve té rénda (Pb, Zn, Fe, Ni, Co, Cr, Mn, A4s, Cd dhe Cu), n€: zonat

industriale, urbane dhe rurale (nbetjet: skorie-steril dhe hiri), né qytetet e lartcekura.

1 Lutei qé ta plotésoni formularin dhe ta dérgoni t& nénshkruar me posté elektronike.

F6- Paragitja e punimit t& doktoratés
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F6- Paragitja e punimit té doktoratés
ii) Vlerésimi i shkallés sé ndotjes (me metale té rénda), né tokat rreth zonave hulumtuese, si dhe

investigimi i korrelimit gjithépérfshirés, midis deponive ekzistuese dhe tokave bujqésore.

iii) Studimi i reaksionit zinxhiroré, vlerésimi i shpérndarjes s€ ndotésve potencial né mjediset e
analizuara, (mbetje industriale, toké bujqésore dhe ujérat e lumenjve).

iv) Klasifikimi i mbetjeve industriale, né bazé té origjinés, karakteristikave dhe t€ pérqéndrimit t&
materieve toksike né mbetjet industriale, té cilat jané t& vendosura né deponi t€ hapura tokésore,
pérkatésisht ndarjen e tyre né klasa, si, p.sh: a.) mbetje t€ riciklueshme (MR), dhe b.) mbetje
industriale speciale, (MIS).

v) Mundésit (alternativa té pérshtatshme) qé kéto mbetje industriale, pas procesit t¢ trajtimit
adekuat, népérmjet metodave té ndryshme, si¢ jané: metodat e riciklimit, metodat fiziko-kimike dhe
biologjike, dhe metoda me depozitim fiks (né vend géndrim), t&€ inkorporohen si primesa (shtesé) né
1éndé té paré (materiali amé), dhe késisoj t€ rifitohen materiale t€ ndryshme (#é¢ riciklueshme)

ripérdoruese, n€ ekonominé qarkore industriale.

< Faktikisht, kéto objektiva pérbéjné thelbin kryesoré, t& géllimit t€ kétij hulumtimi shkencor,

sepse kandidati ka vlerésuar (konstatuar), se:

*Ndotja e tokés nga aktivitetet antropogjené, &shté njé ¢€shtje ¢ réndésishme mjedisore, vecanérisht
né qytetet e industrializuara, prandaj mu pér kété, éshté vlerésuar impakti mjedisor i industrive
prodhuese, si: “Trepga”, TC “Kosova’’ dhe “Ferronikeli”, pérkatésisht impakti i mbetjeve toksike
(skorie-steril dhe hiri), n€ mjedisin natyroré.

*fishté pérforcuar fakti shkencoré dhe éshté vé né pah, potenciali dhe ndikimet kryesore né mjedis,
qé vijné nga “hot-spotet” e ngurta mjedisore (deponit industriale), né zonat e studiuara.

*Kéto deponi, kané impakt mjedisor t€ madh, né: atmosferé, hidrosferé dhe litosferé, prandaj duhet
marré parasysh, qé deponité ekzistuese rreth zonave industriale, jané t€ pa pérshtatshme pér
mbrojtje t& mjedisit, dhe késisoj kontaminojné gjithé ekosistemin, andaj éshté nevojé imediate q€ né
lokacionet ku gjinden kéto deponi, urgjentisht t& béhet studimi gjeneral i fizibilitetit, pastaj né
ményré kontinuele kéto deponi industriale, t€ kontrollohen dhe menaxhohen né ményré strikte, nga

dikasteret ministrore, pérkatésisht institucionet kompetente shtetérore.

Né kété drejtim, kandidati ka vlerésuar se, ndotja shumévjecare e mjedisit nga “Industrité
Prodhuese né Kosové”, sidomos nga: kompleksi “New Co Ferronikeli”, kompleksi “Trepga” dhe
TC “Kosova A & B”, kané shkaktuar ¢'rregullime né ekosistem, sepse kéto industri prodhuese,
duke filluar nga eksploatimi i materialit fillestaré, deri t€ bartja dhe prodhimi i produktit

pérfundimtaré, né masé té konsiderueshme kané ndikim né ndotjen e mjedisit.

F6- Paragitja e punimit t doktoratés
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Prandaj, kjo dukuri paraqget shqetésim t& madh tek banorét rezident dhe mé gjer, sepse mundésia e

depértimit t& kétyre elementéve kimike, né forma t¢ ndryshme né mjediset: ajér, ujé dhe tok€, dhe
pérmes tyre deri né zinxhirin ushqimor, éshté mé se evidente dhe tejet shqetésuese. Veqénarisht, kur
kemi parasysh se koha e qéndrimit t& metaleve t& rénda né toké, &sht€ mjaft e gjaté, atéheré edhe
kontaminimi i tokés, ujérave sipérfagésore dhe néntokésore me metale t& rénda, paraget rrezik

permanent né pérgjithési pér mjedisin natyroré, dhe né veganti pér speciet e gjalla.

Kandidat, Msc. Islam Zuzaku, gjaté késaj periudhe kohore t& hulumtimit shkencoré, njé pjes€ t€
rezultateve eksperimentale t& punimit té doktoratés i ka publikuar (punim shkencor) né revistén,
“Environment Protection Engineering”, revisté kjo e cila éshté e indeksuar né platformat: Web of

Science (SCIE) dhe SCOPUS, po ashtu, ka publikuar njé Chapters, né: Research Advances in

Environment, Geography and Earth Science. Vol.10. Universiti Sains Malaysia, Malaysia. ISBN
978-93-48119-93-4 (e Book), DOIL: https: //doi.org/ 10.9734/ bpi/ raeges/ v10, gjithashtu ka marr
pjesé né tri Konferenca shkencore me karakter ndérkombétar, dhe ka t& publikuar edhe njé

Monografi shkencore, me; ISBN 978-9951-28-469-1.

4 Punimi shkencor:
1. ZUZAKU, J. DHIMITRI, M. SADIKU, J. HALILI, B. ISMAJLIL, S. DEMAKU

¢ THE ECOLOGICAL RISK OF CONTAMINATION WITH TOXIC METALS IN THE SOILS
AROUND THE TREPCA COMPLEX, THE KOSOVO THERMAL POWER PLANTS, AND
A NEW FERRONICKEL COMPLEX. Vol. 49. 2023. No. 2 DOI: 10.37190/ epe230201.

4+ Konferencat shkencore:
o International Ankara Multidisciplinary Studies Congress, Ankara-Turkiye. https://
www.izdas. Org/ multidisciplinary Ankara.
o IRDCP (International Research and Development Center for Publication). Https:
/firdep.org/ conferences.
e 1%International Future Engineering Conference held on December 25-26, 2023/, Sirnak
University, Turkey, https://dergipark.org.tr/en/download/journal-file/29617.

4+ Chapters:
o Publikuar né: Research Advances in Environment, Geography and Earth
Science. Vol.10. Universiti Sains Malaysia, Malaysia. ISBN 978-93-48119-93-3
(Print), ISBN 978-93-48119-93-4 (e Book), DOI: https: //doi.org/ 10.9734/ bpi/

raeges/ v10.
+ Monografi shkencore:
o “Udhézues teorik dhe praktik pér marrjen dhe pérgaditjen e mostrave”. Prishting, 2025,
ISBN 978-9951-28-469-1.

Andaj, nga ajo qé u tha si mé larté, vlerésojmé se kandidati, Msc. Islam Zuzaku, ka
pérmbushur té gjitha kushtet/ kriteret, pér dorézimin e Temés sé Doktoratés.

F6- Paraqitja e punimit t& doktoratés
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Vendi, data dhe nénshkrimi

=
N8 Prishting, 42 00 ( ) ?[) Z‘A Prof. Asoc. Skender DEMAKU

(Emri e mbiemri i meporit)

.

Nénshkrimi

V.V.

F6- Paraqitja e punimit té doktoratés
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REZYMEJA

Evolucioni njerézoré sé bashku me revolucionin industrialé, kané shkaktuar ndryshime té€ médha
né cilésin€ e mjediseve natyrore, né té cilat njeriu jeton dhe ushtron veprimtaring e tij. Toka luan
njé rol t€ réndésishém né kété proces, pasi shérben si “depozité” pér akumulimin e ndotésve
kimiké. Metalet e rénda, né dallim nga ndotésit organiké, nuk jané té biodegradueshém. Prania ¢
kétyre ndotésve né mjedis, lidhet me aktivitetet industriale, me emetimin gjaté proceseve té
djegies s€ léndéve fosile, me ekonomit familjare dhe me trafikun.

Po ashtu, edhe ndotésit organiké t& géndrueshém (POP-et), mbeten né gendér t€ vémendjes
shkencore, pér shkak t& shpejtésis€ s€ ulét t€ degradimit, natyrés lipofilike, toksicitetit, aftésisé
pér t’u transportuar né distanca té médha, dhe pér tu bioakumuluar né€ organizmat e gjallg.

Rreth 70 viteve mé herét, n€ Kosové jané ndértuar industri t€ ndryshme prodhuese, kryesisht si
industri t€ metalurgjisé s€ zez€ dhe nxjertjes s€ théngjillit, pér prodhim t€ energjisé elektrike, té
cilat industri prodhuese, pothuajse funksionojné edhe né ditét e sotme, anipse disa nga to, jo me

kapacitetin e ploté prodhues, si¢ kané qené para dy dekadave.

Meqé industria metalurgjike, njihet si njé burim i rénd€sishém i emetimit té substancave té
ndryshme kimike né mjedis, si dhe duke marré shkak nga denoncimet e vazhdueshme té medias
sé shkruar dhe visive, mbi nivelin e larté t€ ndotjes s€ prodhuar, nga industrité gé operojné
brenda territorit t&€ Republikés s€ Kosovés-s€, né kété punim, éshté realizuar vlerésimi i ndotjes
aktuale, nga metalet ¢ rénda, si: Pb, Zn, Fe, Ni, Co, Cr, Mn, As, Cd dhe Cu, né mostra té
materive toksike depozite (skorie-steril), si dhe mostra toke, né zonat e hulumtuara (zona: A, B
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ABSTRACT

Human evolution, together with the industrial revolution, has caused great
changes in the quality of the natural environments, in which man lives and
exercises his activity. The soil plays an important role in this process, as it serves
as a “repository” for the accumulation of chemical pollutants. Heavy metals,
unlike organic pollutants, are not biodegradable. The presence of these
pollutants in the environment is related to industrial activities, emissions during
the burning of fossil materials, family economy and traffic. Also, persistent
organic pollutants (POPs) remain at the center of scientific attention, due to their
low degradation rate, lipophilic nature, toxicity, ability to be transported over long
distances, and to bioaccumulate in living organisms. Around 70 years ago,
various manufacturing industries were established in Kosovo, primarily focusing
on ferrous metallurgy and coal extraction for electricity production. Many of these
manufacturing industries are still operational today, though some no longer
function at their full production capacity as they did two decades ago.

Keywords: Environmental impact; environmental pollution; deposit materials;

analytical methods; |CP-OES; SAA; contamination of areas;
environmental hot-spots; rivers.

1. INTRODUCTION

Human evolution, together with the industrial revolution, has caused great
changes in the quality of the natural environments, in which man lives and

a Department of Chemistry, Faculty of Mathematics and Natural Science, University of Prishtina “Hasan
Prishtina”, George Bush Street, 10000, Pristine - Kosovo.
*Corresponding author: E-mail; skender.demaku@hotmail.com;




Research Advances in Environment, Geography and Earth Science Vol. 10
The Impact of Deposit Materials on Environment Pollution Around Industrial Areas in Kosovo

Effective measures are currently in place in the majority of countries to prevent
copper poisoning and to reduce the amount of copper used in food production, as
well as in plants and animals. However, water pipes and copper vessels pose a
risk of contamination, and humans can tolerate up to 200 mg/g of Cu in food,
which is 20 times higher than the normal human concentration, [6-8]. Although
copper is a rare element in natural waters, it can enter contaminated waters
through a variety of channels. It has been demonstrated that copper is harmful to
fish and other aquatic life at quantities that do not constitute any risk to humans,
and it has also been demonstrated experimentally that the copper ion (I1) is the
primary toxic form; this is because the concentration of the Cu (Il) ion falls with
increasing pH, alkalinity, and organic matter content, which in turn reduces
copper toxicity, [6-8]. Additionally, copper chloride is employed as a disinfectant,
food additive, wood preservative (fixer) in fabric dyeing and printing, pigment for
glass and ceramics, and catalyst in a variety of organic reactions, including the
chlorination of hydrocarbons [21-24].

Lastly, we recognize that the theoretical part has been adequately and recently
covered in the literature, and we are confident that the basic literature mentioned
will help us understand, compare, and assess the practical part as well as the
various experimental and laboratory resuits.

3. CONCLUSIONS

The geoaccumulation index (Igeo) study of soil samples from three different
industrial zones in Kosovo offers a comprehensive view of the environmental
contamination by various toxic metals. Zone A (Gllogoc-New Co Ferronickel)
demonstrates extreme pollution across all measured metals, with CR and Ni
showing particularly high l.ego values of 17.61 and 16.00 respectively. This
indicates severe environmental degradation due to industrial activities in this

area.

Zone B (Mitrovica-Trepga), although also affected by industrial activities, exhibits
a broader range of contamination levels. While Cd (5.66) and AS (5.60) indicate
extreme pollution, metals like Pb (1.20), Ni (1.76), and Cr (1.43) range from
uncontaminated to moderately polluted, suggesting variable sources and
intensities of pollution within this zone.

Zone C, commonly known as the Prishtina Industrial Zone, has considerable
poliution due to as (8.71) and Cr (10.86), Pb (0.86), Ni (0.89) and Cd (2.93)
indicate lower pollution values, indicating a range from almost uncontaminated to
moderately polluted. This fluctuation indicates that the poliutant profile in this
area is influenced by a variety of industrial activities and insufficient
environmental regulations. Zone B, on the other hand, despite having high levels
of certain metals, shows a mixed pollution profile, pointing to possible differences
in industrial practices and pollution control measures.

The results highlight the necessity of more stringent regulatory measures and
focused environmental cleanup, especially in Zones A and C, to address the
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severe pollution. Given the high concentrations of hazardous metals found there,
reducing pollution in these places is essential for safeguarding the ecosystem
and the general public’s health.
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the Trepga complex, New Co Ferronickeli, and Kosovo thermal power plants. They were analyzed by the
ICP-OES method to measure the concentration of some toxic metals. The pollutant with the highest mean
concentration (in an acidic medium) was Fe (36 400.0), followed by Mn (8683.0), Cr (6575.0), As (4739.0),
Pb (3364.0), Zn (2394.0), Ni (922.6), Cu (297.6), Co (46.6), and Cd (61.8) (all concentrations in mg/kg).
Three pollution indices were used such as the geoaccumulation index (Jgeo), contamination factor (CF), and
pollution load index (PL1). The CF; values determined for Fe, Mn, Cr, As, Pb, Zn, Ni, Cu, Co, and Cd indi-
cated high contamination, In all soil samples, the PLI values showed the presence of soil pollution.

1. INTRODUCTION

Because of the toxic waste left over from mining, chemical fertilizers, and pesti-

cides, heavy metal pollution of agricultural soil is a severe ecological problem [1, 2].
Heavy metal concentrations in the soil rise because of repeated use of manure and chem-
ical fertilizers [3]. While some heavy metals are essential for plant growth, others, when
absorbed and stored by plants, can be hazardous to humans if consumed [4].
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In the region of Mitrovica, Obilig, and Gllogoc in Kosovo, soil samples from three
different land uses and traffic conditions were discovered to include heavy metals such as
Pb, Zn, Fe, Ni, Cr, Mn, and As [5, 6]. The waste in Kelmend, Cikatovo, and Obilic land-
fills contain Pb, Zn, Fe, Mn, and As [7, 8]. Fe, Zn, Ni, Pb, Mn, Cr, and As concentrations
in agricultural land in rural Mitrovica, Obilic, and Gllogoc areas were found to be higher
than 1.0 mg/kg [5, 6]. There is still a serious problem with toxic metal poisoning of the
biosphere, which started with the industrial revolution and urbanization [2-5].

With a cumulative effect and risk to the ecosystem, environmental pollution by toxic
metals has become a substantial global problem in recent decades [6, 7]. Even while
there exist harmful metals in the Earth’s crust naturally, anthropogenic activities have
increased their amounts to toxic levels in many ecosystems [6, 7]. Industrial activity is
the principal source of hazardous metals in the soil surrounding factories [6-9]. Signif-
icant sources of soil pollution include mining and thermal power facilities [1-6]. Urban
areas, mining areas, and locations close to thermal power plants are high-risk sites for
soil contamination [3]. Toxic metals such as Cd, Zn, As, and Pb are released during the
combustion of coal in thermal power plants [3-5].

Through the diffusion or leaching of dust, leftover tailings slag, and waste rock pro-
duced by mining and transportation activities, toxic metals infiltrate the soil [1-4].
A preventative method is required since remediating toxic metal-contaminated soil is
expensive and complicated [5, 6].

Studies have been done to evaluate the site’s soil quality [6-9], however, there is
little information available on soil contamination and ecological assessments in Ko-
sovo’s industrial zones. According to research, Kosovo’s urban and industrial soil has
large concentrations of harmful metals, including those found in minerals, the old metallur-
gical sector, the Fe-Ni manufacturing plant, and Zn-Pb concentrate [8—10]. Instead of haz-
ardous metals, industrial zones are typically investigated for other pollutants [9, 10]. Ther-
mal power plants and mineral ore mining in the vicinity of Mitrovica, Obiliq, and
Gllogoc have an impact on the levels of hazardous metals in the soil and represent eco-
logical problems [8—10]. Sources of pollution from the atmosphere, fertilizers, pesti-
cides, and other pollutants have been investigated to assess the level of toxic metal con-
tamination in soils and the ecological concerns close to the Trepga, New Co Ferronickeli
and Kosovo thermal power plants. This investigation aims to offer useful data for eco-
logical risk reduction and long-term planning in industrial areas [4, 5].

2. MATERIALS AND METHODS

Study area. Three significant industrial sites in Kosovo: the Kosovo power plant,
Trepga complex, and New Co Ferronickeli complex (Fig. 1) were the focus of this study.
Large volumes of trash from the New Co Ferronickeli, which contain heavy metals and
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other pollutants, are emitted into the atmosphere through a variety of technical proce-
dures [4, 5]. These activities can produce dust that can spread over great areas and con-
tain harmful materials in the air, water, and soil [8]. With its ore mining and flotation
procedure, the Trepga complex, an inactive lead and zinc mine close to Mitrovica city,
has a substantial negative environmental impact [8-10]. The community and ecosystem
in the area are at risk from the mine’s production of sterile material.

Obilig Zone

Tegenda:
Y Sample Zone A
4 Sample Zone B

Sample Zone C

Fig. 1. The sampling site of scoria-sterile, toxic waste, ash, and soil
at industrial zones of Obilig, Mitrovica and Gllogoc

The Kosovo Power Plant generates power from lignite coal in two basins in the
Kosovo and Dukagjini areas in an estimated 10-12 billion tons [4-7]. About 6 million
tons of coal, which has a calorific content of 1800-2000 keal, is produced each year, and
the process results in the release of ashes [11]. These ashes could potentially contaminate
groundwater and surface waters with harmful metals such as Pb, Ni, Cd, Al, and Cr [12].

Environmental samples for chemical analyses were gathered and prepared using mod-
ern analytical techniques. In December 2022, field sampling was carried out in the study
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regions. Samples of sterile material were collected from three sites in the New Co Ferro-
nickeli (M1, M2), and soil samples were collected from a waste area close to Old Cikatovo
Village (M3). Sterile samples were collected at the Kelmend (M4) landfill’s toxic waste
layer as well as in what is known as landfills but are known to the locals as IPM (Industrial
Park of Mitrovica) (M5). Additionally, in the proximity of these zones, soil samples were
collected in Shupkove hamlet (M6). Toxic waste and soil samples were examined for the
content of the following metals: F e, Mn, Cr, As, Pb, Zn, Ni, Cu, Co and Cd.

Lignite combustion releases hazardous gases such as sulfur oxides (SO,), nitrogen
oxides (NO,), carbon dioxide, hydrocarbons, ammonia, and hydrogen sulfide in the
form of smoke and dust. Ash samples were gathered in two places. Additionally, ash
dumps contain inorganic substances, the most significant of which are hazardous metals
like Pb, Ni, Cd, Al, and Cr [2-5]. Two locations — TC Kosovo A (M7) and TC Kosovo B
(M8) provided ash samples for analysis. 5 km from TC Kosovo, at the town of Plemetin
(M9), soil samples were collected.

Sample digestion. 1 g samples of the soil, waste toxic, ash, and scoria-sterile were
placed in Teflon containers. After the addition of 10 cm’® of aqua regia, the samples were
heated in a microwave. F ollowing digestion, the components were filtered (quantitative
filter paper) and diluted with distilled water to create a 100 cm?® solution [13-15].

Instrumentation and statistical analyses. With the aid of inductively coupled
plasma-optical emission spectrometry (Optima 2100 DV), the quantities of heavy met-
als were calculated (ICP-OES). For each group of analytical samples, two technique
blanks and two spiked blanks were simultaneously processed. Statistics charts created
using the Minitab 19 program were displayed separately for each component [16].

Pollution indices analyses. Miiller’s geoaccumulation index (Zge,) [17-19], established
to measure contamination of sedimentary bottoms, was used to assess soil contamination.
Soil pollution assessment can also be done by comparing the current toxic metal presence
with preindustrial levels of concentration [8, 24]. Ieo has been widely used to comprehend
the pollution levels of toxic metals in the soils [24], that is, for the calculation to assess the
toxic metal pollution status of soil [17]. The Zgeo was computed as follows:

C
I, =lo s 1
geo gZISB ( )

n

where C, is the metal concentration in soil, mg/kg, B, geochemical background concen-

tration of the corresponding metal, mg/kg.
The contamination factor (CF;) was established following the Tomlinson model [19] as
the ratio of the maximum metal concentration in soil, waste, or ash to the reference

value;
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CF,=— 2
e @)

where C'is the metal concentration in soil (waste, ash), mg/kg, C, — its pre-industrial
concentration (the reference value), mg/kg.

According to international regulations, the following reference values for the ana-
lyzed metals in soil were used, mg/kg: Pb 100, Cr 100, Ni 100, Zn 300, Cu 100, Co 50,
Fe 56.9, Mn 26, As 50, and Cd 5 [25, 27]. As the reference values vary from country to
country, the CF; values may be different, even if the metal concentrations are similar [8].
The CF; is an important factor that is used to monitor metal contamination in the soil [22].
It has four categories according to the degree of contamination in the soil. CF;< 1 indicates
a low degree of contamination, 1 < CF;< 3 moderate pollution, 3 < CF;< 6 considerable
pollution, and CF; > 6 very high degree of contamination [24, 25].

The pollution load index (PLI) was calculated based on contamination factors cal-
culated for each considered heavy metal. The PLI can assess the level of metal contam-
ination and the actions that must be taken. The PLI was calculated according to:

PLI =(CF, CF, x---xCF,)" 3)

The potential ecological risk index (ERI) put forward by Hakanson [17] was used
to evaluate the soil ecological risk [17, 24]:

ERI =T, CF, (4)

where 7, is the toxic response factor and CF; the contamination factor. 7, values for
metals are: Pb 5, Cr 2, Ni 5, Zn 1, Cu 5, Co 5, As 4, and Cd 7. The soil classification
concerning ecological risk values involves five classes: ERI < 40 corresponds to low
ecological risk, 40 < ERI < 80 moderate ecological risk, 80 < ERI < 160 appreciable
ecological risk, 160 < ERI < 320 high ecological risk, and ERI > 320 serious ecological
risk [17, 24].

3. RESULTS AND DISCUSSION
3.1. HEAVY METAL CONTENTS IN THE STUDY AREA
The focus of this study was to evaluate the presence of Pb, Zn, Fe, Ni, Co, Cr, Mn,
As, Cd and Cu in scoria-sterile material (M1, M2) and soil (M3) in sampling zone A

(Gllogoc, New Co Ferronickeli), in the concentrate Pb-Zn toxic waste (M4, M5) and soil
(M6) in sampling zone B (Mitrovica, Trepga), and in ash (M7, M8) and soil (M9) in
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sampling zone C (Obiliq, TC Kosovo A and B, Power plant) (Table 1) as possible pol-
lution sites.

Table 1

Heavy metal concentrations in zones A, B and C [mg/kg] .

Sample | Pb | zn | Fe | Ni | Co | Cr | Ma | As | Cd | Cu
Sampling zone A — Gllogoc, New Co Ferronickeli
M1 47.5 | 4222 136400 | 922.6 | 46.6 | 6575 | 2541 | 21.1 {399 18.3
M2 49.9 | 410.6 | 36340 | 1257 | 30.8 | 1792 13262 653 |31.4| 29
M3 43.7 | 344.5 | 21280 ] 766.4 | 39.5 | 635.5]762.9 | 13.8 | 15.1| 19.1
Sampling zone B — Mitrovica, Trepca
M4 3364 | 2394 | 4043 | 36.6 88 | 25.8 | 8683 | 4739 | 61.8 | 297.6
MS5 90.3 | 4283 | 913.6 7.4 02 1162 [ 596 | 134 | 2.1 21
M6 693 | 1847 | 2241 | 88.8 19 112521657 | 41.7 | 27.3 | 76.1
Sampling zone C, Obilig, TC (power plant)
M7 65.5 | 235.7 | 28370 | 349.4 | 10.1 | 2839 | 1302 | 278.5|20.2| 82.9
M8 50.5 | 2384 [ 25940 | 318.8 | 9.7 | 4262 | 1272 | 74.1 | 22.1| 36.9
M9 [96.26 | 460.14 | 23685 | 346.14 | 16.71 ] 971 | 1054 | 58.14 | 8.29 | 51.57

It is important to note that the metal concentrations can change over time and loca-
tion and also depend on the agency. The official documents for the soil quality guide-
lines are: Soil quality — urban technical note No. 3 (established by EPA) [24] and Dutch
target and intervention value [27). These databases contain soil quality guideline values
for a variety of contaminants, including heavy metals, as well as information on how
the values were derived (mg/kg, As — 22, Cd — 0.4, Cr — 100, Cu — 1500, Pb — 400,
Hg - 0.2, and Ni — 100 mg/kg).

The EU countries may have different soil quality guidelines for heavy metals than
the EPA and the US [26]. However, in general, for essential elements such as Zn, Fe,
Co, and Mn, guideline values are not usually set, as these elements are important for
plant and animal growth and are beneficial (effects in small amounts). However, excess
amounts of these elements can be harmful, so it is important to consider other factors
such as pH, organic matter, and the presence of other contaminants when assessing soil
quality. It is suggested to check the guidelines of each specific country, as they may
have different rules and values.

The concentration of some heavy metals (Table 1), such as Fe (36 400 mg/kg) and
Ni (922.6 mg/kg) was higher in study zone A than in sites B and C. Long-term use of
minerals (scoria-sterile), machine tools, paints, pigments, and industrial equipment in
study zone C may have caused the highest concentration of Fe and Ni in the soil samples
in this area [9, 10].

The Trepga complex’s ongoing toxic waste disposal (sampling zone B) which en-
riches the ore Pb-Zn, is to blame for the high concentration of heavy metals in toxic
waste and soil. Our findings suggest that mining operations have a significant impact
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on the presence of metal contamination in study zone B (M4). A high metal concentration
was observed for Mn (8683 mg/kg), As (4739 mg/kg), Fe (2241 mg/kg), Pb (3364 mg/kg),

and Zn (2394 mg/kg).
Study zone C is located very close to settlements, whereas ash waste contains natural

magnetic minerals, which can raise heavy metal concentrations [4-7]. At study zone C, the
contents of Fe (28 370 mg/kg) (M7), Cr (4262 mg/kg) (M8), and Mn (1302 mg/kg) (M7)
were higher than those of other elements, which are suspected to be from the wasteland ash,
agricultural fertilizers [9-11], as well as traffic waste. This is known because of the proxim-
ity of zone C to the power plant TC Kosovo factory.

3.2. CORRELATION ANALYSIS

A strong correlation between the Ni with Pb, and Cr with Pb (Table 2) indicates that
their base arises from toxic waste and ash landfill side [19-23]. These toxic metals in
the soil are a very common occurrence in the vicinity of landfill toxic waste and power
plants (coal-fired), and lignite combustion and its unburned residuals are responsible for
this situation [18-23]. Correlations between As with Pb and Cd with Ni (in zone C),
shown for the level of significance p < 0.05, are negative. The results for Ni and Pb have
a strong positive correlation, which means that high x-variable scores go with high
y-variable scores (and vice versa). Whereas, As, Cr, and Cd have a negative moderate
correlation.

Table 2

Heavy metal correlation analyses in zones A, B, and C

Sampling zone A — Gllogoc

Ix | Pb Ni Cr As >y
Ni 0.944
Cr 0309 | —0.022

As 0.867 0.983 =0.206
Cd 0.74 0.476 0.869 0.306
Sampling zone B — Mitrovica

Ni 0.012

Cr —0.267 0.96

As 0.986 —0.156 —0.425

Cd 0.966 0.269 0.01 0.91
Sampling zone C — Obilig, TC (power plant)

Ni 0.684

Cr -0.993 -0.766

As —0.258 0.528 0.142

Cd -0.98 -0.526 0.95 0.445




12 1. ZuzAKU et al.

3.3. CONTAMINATION FACTOR (CF7) AND POLLUTION LOAD INDEX (PLI)

The soil was classified as having a high contamination degree in three tested re-
gions, with middle contamination degree due to Pb, Ni, As, and especially high contam-
ination degree by Cd and As (M4) (Table 3, according to criteria given in Table 6). As
a result, the contamination factor may provide a thorough assessment of the overall en-
richment and contamination impact of various pollutant groups in the soil and toxic
waste. Significant correlations indicate that they are thought to be industrial, originating
from industrial activities such as the production of Fe-Ni and Pb-Zn ores. The three
analyzed areas are about 20 km of airlines the one from other, which is thought to con-
tribute to the accumulation of heavy metals in soil and toxic waste in these areas [3—8].

Table 3
Contamination factors (CFy) and pollution load indices (PL1)
of heavy metals in toxic waste, ash and soil in zones A,Band C
CFi
Sample Pb | Ni | Cr | As | Cd PLI
Sampling zone A — Gllogove — New Co Ferronickeli
M1 (scoria) 0.48 | 9.23 | 65.75] 042 | 7.98 1.18
M2 (scoria) 0.50 | 125711792 131 | 6.28 1.13
M3 (soil) 044 | 7.66 | 6.36 | 028 | 3.02 1.10
Sampling zone B — Mitrovica
M4 (waste) 33.64| 037 | 0.26 | 94.78 | 12.36 1.20
M5 (waste) 0.90 | 0.07 | 0.16 | 027 | 0.42 1.00
M6 (soil) 693 | 0.89 | 1.25 | 0.83 | 5.46 1.09
Sampling zone C — Obiliq TC (power plant)
M7 (ash) 0.66 | 3.49 | 28.39| 5.57 | 404 1.14
M8 (ash) 0.51 | 3.19 14262 | 148 | 442 1.16
M9 (soil) 096 | 3.46 | 9.71 | 1.16 | 1.66 1.10
Baseline 100 | 100 | 100 | 50 | 5 |PLI> 1 (contaminated)
reference value, mg/kg

The PLIwas derived from the CF; values to calculate the toxic metal pollution [18-23].
In all toxic waste, ash, and soil samples, the analyzed PLI > 1 (Table 3) indicates the

presence of sample pollution.
3.4, ECOLOGICAL RISK ASSESSMENT (ERI)

The ERI index stands for the potential ecological risk factor of toxic metals [21, 24,
26]. The estimated ERI values for chosen metals (Pb, Ni, Cr, As, and Cd) are presented
in Table 4. From the obtained results and criteria (Table 6), all toxic waste, ash, and soil
samples showed a high ecological risk [17, 18, 26]. The maximum ER/ value (379.12)
was observed for As and the lowest one (0.32) was noted for Cr. This study revealed
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that Cd in all zones posed the highest ecological threat, whereas, in zone A (M1), Cr ex-
hibited the highest ecological risk (ERI amounted to 131.50). As (M4) and Pb (M4) in
zone B posed the highest ecological threat (the ER/ values reached 379.12 and 168.20,
respectively). The study also revealed that Cr in zone C (M8) posed the highest ecolog-
ical threat (FRI amounted to 85.24).

Table 4

Ecological risk assessment (ERI) of heavy metals in scoria, waste, soil and ash samples

Sample | Pb | Ni | Cr l As ] Cd
Sampling zone A — Gllogove — New Co Ferronickeli
M1 (scoria) 2.40 46.15 131.50 1.68 55.86
M2 (scoria) 2.50 62.85 35.84 5.24 43.96
M3 (s0il) 2.20 38.30 12.72 1.12 21.14
Sampling zone B — Mitrovica
M4 (waste) 168.20 1.85 0.52 379.12 86.52
MS5 (waste) 4.50 0.35 0.32 1.08 2.94
M6 (so0il) 34.65 445 2.50 3.32 38.22
Sampling zone C — Obilig, TC (power plant)
M7 (ash) 3.30 1745 56.78 22.28 28.28
M8 (ash) 2.55 15.95 85.24 5.92 30.94
M9 (soil) 4.80 17.30 19.42 4.64 11.62

3.5. GEOACCUMULATION INDEX (Igeo) OF TOXIC METALS IN SOIL

The calculated values of the geoaccumulation indices (Jgo) for toxic metals in soils
at the industrial zones A, B, and C are presented in Table 5. Iy i8 highly variable, im-
plying that the soil surrounding the sampling area was from strongly to moderately con-
taminated with the metals tested. The average values obtained for /g, (zone A) were as
follows: Pb 9.61, Ni 16.00, Cr 17.61, As — 11.31, and Cd — 10.21. It can be seen that the
maximum value has been reached by Cr (17.61). For values of Iy, > 5 (Table 6) [22, 23]
soil is extremely contaminated. Based on the average values of all toxic metals (zone A)
it can be concluded that the soil belongs to the class extremely contaminated (Table 5).
For zone B, the average values obtained for g were as follows: Pb 1.20, Ni —1.76,
Cr-1.43, As 5.60, and Cd 5.66. It can be seen that the maximum value has been reached
for Cd (5.42). Based on the average values for all toxic metals in zone B, it can be
concluded that the soil belongs to the partially contaminated class. As for zone C, for
the same elements, their values were Pb .08, Ni 1.17, Cr 4.16, As —2.05, and Cd —4.81
(strongly to extremely contaminated). Also, this zone is practically contaminated.

The distribution of items that were compared throughout the three research topics
is shown in Fig. 2. The letters A, B, and C are included in brackets to denote the research
area. The metals are divided into three categories by the first main component [24] (at
different zones).




14

1. ZUZAKU et al.

Table 5

Geoaccumulation index (Zgeo) of heavy metals in soils

Sampling zone A — Gllogove, New Co Ferronickeli

Metal | /Joeo value Igeo class
Pb 9.61 extremely contaminated
Ni 16.00 | extremely contaminated
’Jr 17.61 | extremely contaminated
As 11.31 extremely contaminated j
Cd 10.23 | extremely contaminated
Sampling zone B — Mitrovica
Metal | Jgeo value l:& Igeo class
Pb 1.20 uncontaminated to moderately contaminated
Ni —1.76 | practically uncontaminated
Cr —1.43 | practically uncontaminated
As 5.60 extremely contaminated
Cd 5.66 extremely contaminated
Sampling zone C - Obilig, TC (power plant)
Metal | Jeeo value _ Jgeo class
Pb —3.08 | practically uncontaminated
Ni 1.17 uncontaminated to moderately contaminated
Cr 4.16 strongly contaminated
As 2.05 moderately to strongly contaminated
Cd 4.81 strongly to extremely contaminated

Table 6

Pollution/ecological indices, classification, and interpretation [17-26]

Index | Classification Interpretation
Tgeo <0 uncontaminated
lgeo <2 between uncontaminated and moderately contaminated
I 2<lgeo<3 between moderately and strongly contaminated
geo 3<lpeo<4 strongly contaminated
4> Igeo<§ between strongly and extremely contaminated
Jgeo > 5 extremely contaminated
CFi<] low contamination
CF: 1<CFi<3 moderate contamination
3<CFi<6 considerable contamination
CFi>6 very high contamination
PLI=0 perfection
PLI PLI<1 baseline level
PLI>1 contaminated
ERI < 40 low ecological risk T
40 <ERI<80 | moderate ecological risk
ERI | 80 <ERI<160 | considerable ecological risk
160 < ERI <320 | high ecological risk J
L ERI>320 very high ecological risk
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Fig. 2. Dendrogram analysis of the elements present in the locations zone (zone A, B and C)

The group consists of three component groups for metals: Cr, As, Mn, Cu, Pb, Cd, and
Co, and one element, Zn. The first basic component group for metals is Pb, followed by Fe,
Ni, Mn, Cu, Cd, As, and Cr. The second basic component group which comprises the metals
is made up of the following elements: a) Pb, Fe, Ni, Mn, Cu, Cd, As, and Cr, b) Cr, As, Mn,
Cu, Pb, Cd, and Co, and c) Zn. This supports the regression results, confirming their pollu-
tion source. Generally, the above results show the metal pollution distribution within the
different sampling positions. The study confirms that the use of toxic waste, scoria-sterile
material, ash and soil, can serve to monitor heavy metals [25-28].

4. CONCLUSIONS

A vital part of the biosphere is the soil, and any deterioration in its quality can have
negative effects on human life. Heavy metals in the soil pose a serious hazard to human
health, especially when they enter the food chain. Fe, Ni, Cr, Mn, Cu, Zn, and Pb con-
tamination levels were significantly higher than those recommended by the Dutch Tar-
get and Intervention Values 2000 and Environmental Protection Agency.

Mining activities that can release substantial amounts of heavy metals into the en-
vironment have a significant impact on the occurrence of metal contamination in the
study zones. The soil around the test site was contaminated with heavy metals, accord-
ing to the highly variable geoaccumulation index, a measure of soil contamination. In
zone A, heavy metal concentrations were 2-3 times higher than those in zones B and C.
Based on the average values of the geoaccumulation index for all toxic metals (zone B)
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it can be concluded that the soil belongs to the partially contaminated class. Also, zone
C is practically contaminated.

The obtained results call for mandatory and long-term monitoring of toxic metals
in the soil, as well as comprehensive research about adverse environmental and health
factors. The national government and the local residents in general need to acknowledge
the grave risks of toxic metal contamination and prioritize the work on sustainable so-
lutions to mitigate the current risks.
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