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Lénda: Pélgimi nga mentori pér dorézimin e doréshkrimit t& temés sé doktoratés me titull:
“Monitorimi i nivelit t¢ makroelementeve dhe elementeve né gjurmé pérmes mjaltés si
bioindikator né Republikén e Kosovés”.

Mendimi:

Doréshkrimi i dorézuar éshté i pérgatitur bazuar né Udhézimin pér pérpilimin e punimit t&
doktoratés nga Universiteti i Prishtinés “Hasan Prishtina”. Punimi i doktoratés &shté i ndaré né
disa kapituj: Pjesa hyrése, Pjesa eksperimentale, Rezultatet dhe diskutimi, Pérfundimi, Referencat,
dhe Shtojca.

Né kapitullin Hyrje- paraqiten t& dhénat nga literatura pér elementet kimike, pérhapjen dhe
ndikimet e tyre né ndotjen e ambientit. Gjithashtu jepen t& dhéna pér biomonitorimin, dhe llojet e
biomonitoréve.

Né kapitullin Pjesa eksperimentale-pérshkruhen né detaje, marrja e mostrave, trajtimi i
tyre, dhe instrumentet me t€ cilat jané analizuar elementet kimike né mjalté, polen dhe toké (dhe)
né gjithé teritorin e Republikés s&¢ Kosovés.

Né kapitullin Rezultatet dhe diskutimi-paragiten rezultatet e shprehura né pérqendrime
pér makroelementet dhe elementet né gjurmé (né total 26 elemente t&€ ndryshme) né 3 sisteme t€
ndryshme (mjaltg, polen dhe toké), korelacionin ndérmjet elementeve pér secilin sistem, analizat
¢ ndryshme statistikore (mean, median, standard deviation, minimum, maximum.. .), analiza
faktoriale grupore (cluster), shpérndarja hapésinore e grupeve té elementeve dhe elementeve
kimike té caktuara. Gjithashtu né kété kapitull, kandidati rezultatatet i diskuton duke i krahasuar
me ato t& autoréve t& fushés s& hulumtimit.

Né kapitullin Pérfundimi-kandidati arsyeton me shumé t&¢ dhéna bindése shkallén e
ndotjes s& ambientit né Republikén e Kosovés, si dhe burimet e kétyre ndotjeve t& cilat vijné
kryesisht nga industria minerale e vendit. Gj ithashtu né kété kapitull jepen disa Rekomandime pér
Instittucionet vendore, se si mund t& zvogélohet shkalla e ndotjes né vend.
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N& doréshkrim jané paragitur mbi 200 referenca t& ndryshme, me té cilat arsyetohen qéllimi
i kétij hulumtimi, rezultatet fituara dhe pérfundimet e nxjerrura.

N& shtojcé jang paragitur t& dhéna té ndryshme pér vendmostrimet, korelacionet ndérmjet
elementeve t& njé&jta kimike né sisteme 1€ ndryshme, dhe hartat e shpérndarjes s¢ elementeve.

Gjaté kétij hulumtimi t& punimit t& doktoratés, kandidati ka t& botuar njé punim né revisté
me impakt faktori 4.61; si dhe dy punime tjera jané né€ shqyrtim (review) né revista shumé
kredibile.

Granit Kastrati, Musaj Pagarizi, Flamur Sopaj, Krste Tasev, Trajce Stafilov, Mihone Kerolli-Mustafa

Investigation of Concentration and Distribution of Elements in Three Environmental
Compartments in the Region of Mitrovica, Kosovo: Soil, Honey and Bee Pollen

International Journal of Environmental Research and Public Health

https://doi.org/10.3390/ijerphl 8052269

Gjithashtu nga rezultatet € kétij hulumtim jané prezantuar 6 kumtesa né konferenca ndérkombétare
si prezantime gojore dhe poster.

1. Granit Kastrati, Flamur Sopaj, Krste Tasev, Trajée Stafilov, Robert éajn, Musaj Pagarizi. A study
on the elements content in honey samples in the territory of Kosovo. “2nd scientific conference for
CRITICAL ENVIRONMENTAL ISSUES OF THE WESTERN BALKAN COUNTRIES” Shtip,
Republic of North Macedonia, 28-30.10. 2021

2. Granit Kastrati, Fadil Millaku, Flamur Sopaj, Trajce Stafilov, Krste Tasev, Robert Sajn, Musaj
Pagarizi. Distribution and statistical analysis of major and trace elements in the bee pollen from the
whole territory of Republic of Kosovo. XIV Students’ Congress of Pure and Applied Chemistry of
SCTM, Skopje, North Macedonia, September 2021

3. Granit Kastrati, Musaj Pagarizi, Flamur Sopaj, Krste Tasev, Trajée Stafilov, Robert Sajn. Level
of major and trace elements in honey and pollen samples from the Peja region, Kosovo. 2nd
International Scientific Conference on Ecological and Environmental Engineering, Wroclaw,
Poland, 30 June-1 July 2021

4. Granit Kastrati, Musaj A. Pagarizi, Flamur Sopaj, Krste Tagev, Trajée Stafilov, Robert Sajn:
Investigation of the content of macro and microelements in honey and pollen from the region of
Prishtina, Kosovo. ISCMP-1V. International Joint Science Congress of Materials and Polymers.
Tetovo, North Macedonia, 7-10 October 2020

5. Granit Kastrati, Musaj Pagarizi, Flamur Sopaj, Krste Tasev, Trajce Stafilov, Mihone Kerolli
Mustafa: Determination and Statistical Analysis of the Presence of Elements in Soil, Honey, and
Pollen in the Region of Mitrovica, Kosovo. T2P-Theory to Practice as a Cognitive, Educational
and Social Challenge. Mitrovica, Kosovo, 17-18 September 2020

6. Granit Kastrati, Musaj Pacarizi, Krste TaSev, Traj¢e Stafilov, Robert Sajn: Investigation of the
content of macro and microelements in soil and honey from the region of Mitrovica. “Ist scientific
conference for CRITICAL ENVIRONMENTAL ISSUES OF THE WESTERN BALKAN
COUNTRIES” Shtip, Republic of North Macedonia, 28-30.10.2019



Bazuar né até qé u tha mé larté, né cilési t&€ mentorit mendoj se hulumtimi i pérmbush kriteret e
punimit t& doktoratés, paraqet njé kontribut shumé t& madh né fushén e ambientit dhe sidomos né
pérdorimin e mjaltés dhe polenit si bioindikatoré t& ndotjes me metale potencialisht helmuese, si
dhe né identifikimin e burimeve t& kétyre ndotésve. Prandaj nga t& gjitha kéto g€ u prezantuan né
detaje, jam i bindur se ky doréshkrim si i tillg i pérmbush kriteret pér procedim t& métutjeshém
sipas rregullores s& studimeve t& doktoratés né Universitetin e Prishtinés “Hasan Prishtina”.

Prishting,05.07.2022 Mentori: Prof. Asoc. Musaj Pagarizi
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Doktoraturé — Programi Kimi

Prof. Asoc. Musaj Pagarizi

MONITORIMI | NIVELIT TE MAKROELEMENTEVE DHE ELEMENTEVE NE GJURME PERMES
MJALTES S| BIOINDIKATOR NE REPUBLIKEN E KOSOVES

Titul n& gjuhén shafpe

T MONITORING THE LEVEL OF MACROELEMENTS AND TRACE ELEMENTS BY HONEY AS A
Tiullné gjuhén angleze. BIOINDICATOR IN THE REPUBLIC OF KOSOVO

Monitorimi i ndotjés sé mjedisit duke pérdorur Mjaltin si bioindikator

Doréshkrimi i dorézuar &shté i pérgatitur bazuar né Udhé&zimin pér pérpilimin e punimit t& doktoratés
nga Universiteti i Prishtinés “Hasan Prishtina”. Punimi i doktoratés &shté i ndaré né disa kapituj: Pjesa hyrése,
Pjesa eksperimentale, Rezultatet dhe diskutimi, Pérfundimi, Referencat, dhe Shtojca.

N& kapitullin Hyrje- paragiten t& dh&nat nga literatura pér elementet kimike, pérhapjen dhe ndikimet
e tyre né ndotjen e ambientit. Gjithashtu jepen t& dhéna pér biomonitorimin, dhe llojet e biomonitoréve.

Né kapitullin Pjesa eksperimentale-pérshkruhen né detaje, marrja e mostrave, trajtimi i tyre, dhe
instrumentet me t& cilat jang analizuar elementet kimike né mjalté, polen dhe toké (dhe) né gjithg teritorin e
Republikés s& Kosovés.

Né kapitullin Rezultatet dhe diskutimi-paragiten rezultatet e shprehura né pérgendrime p&r

makroelementet dhe elementet né gjurmé (né total 26 elemente t€ ndryshme) né 3 sisteme t€ ndryshme (mjalté,
polen dhe tok), korelacionin ndérmjet elementeve pér secilin sistem, analizat e ndryshme statistikore (mean,
median, standard deviation, minimum, maximum...), analiza faktoriale grupore (cluster), shpérndarja
hapésinore e grupeve t& elementeve dhe elementeve kimike t& caktuara. Gjithashtu ng k&t kapitull, kandidati
rezultatatet i diskuton duke i krahasuar me ato t& autoréve t& fushés sé hulumtimit.
Né kapitullin Pérfundimi-kandidati arsyeton me shumé t& dhéna bindése shkallén e ndotjes s& ambientit né
Republikén e Kosovés, si dhe burimet e kétyre ndotjeve t& cilat vijng kryesisht nga industria minerale e vendit.
Gjithashtu né& kété kapitull jepen disa Rekomandime pér Instittucionet vendore, se si mund t& zvogélohet shkalla
e ndotjes n& vend.

N& doréshkrim jané paragitur mbi 200 referenca t& ndryshme, me t& cilat arsyetohen qéllimi i ketij
hulumtimi, rezultatet e fituara dhe pérfundimet e nxjerrura.

N& shtojcé jané paraqitur t& dhéna t& ndryshme pér vendmostrimet, korelacionet ndérmjet elementeve
t& njéjta kimike né sisteme t& ndryshme, dhe hartat e shp&rndarjes s& elementeve.

1 Lutei q& ta plotésoni formularin dhe ta dérgoni t& nénshkruar me posté elekironike.

F6- Paragitja e punimit t& doktoratés
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Gjatg kétij hulumtimi t& punimit t& doktoratés, kandidati ka t& botuar njé punim né revisté me impakt faktori
4.61; si dhe dy punime tjera jan& né shqyrtim (review) né revista shumé kredibile.

Granit Kastrati, Musaj Pagarizi, Flamur Sopaj, Krste Tasev, Trajée Stafilov, Mihone Kerolli-Mustafa

Investigation of Concentration and Distribution of Elements in Three Environmental Compartments in
the Region of Mitrovica, Kosovo: Soil, Honey and Bee Pollen

International Journal of Environmental Research and Public Health

https://doi.org/10.3390/ ijerph18052269

Gjithashtu nga rezultatet e kétij hulumtim jan& prezantuar 6 kumtesa né konferenca ndérkombétare si
prezantime gojore dhe poster.

|, Granit Kastrati, Flamur Sopaj, Krste TaSev, Trajce Stafilov, Robert Sajn, Musaj Pagarizi. A study on
the elements content in honey samples in the territory of Kosovo. “2nd scientific conference for
CRITICAL ENVIRONMENTAL ISSUES OF THE WESTERN BALKAN COUNTRIES” Shtip,
Republic of North Macedonia, 28-30.10. 2021

2. Granit Kastrati, Fadil Millaku, Flamur Sopaj, Trajée Stafilov, Krste TaSev, Robert Sajn, Musaj
Pagarizi. Distribution and statistical analysis of major and trace elements in the bee pollen from the
whole territory of Republic of Kosovo. X7 V Students’ Congress of Pure and Applied Chemistry of
SCTM, Skopje, North Macedonia, September 2021

3. Granit Kastrati, Musaj Pagarizi, Flamur Sopaj, Krste Taev, Trajce Stafilov, Robert Sajn. Level of
major and trace elements in honey and pollen samples from the Peja region, Kosovo. 2nd International
Scientific Conference on Ecological and Environmental Engineering, Wroclaw, Poland, 30 June-1 July

2021

4. Granit Kastrati, Musaj A. Pagarizi, Flamur Sopaj, Krste Taev, Trajce Stafilov, Robert Sajn:
Investigation of the content of macro and microelements in honey and pollen from the region of
Prishtina, Kosovo. ISCMP-IV. International Joint Science Congress of Materials and Polymers.
Tetovo, North Macedonia, 7-10 October 2020

5. Granit Kastrati, Musaj Pagarizi, Flamur Sopaj, Krste Tasev, Trajée Stafilov, Mihone Kerolli Mustafa:
Determination and Statistical Analysis of the Presence of Elements in Soil, Honey, and Pollen in the
Region of Mitrovica, Kosovo. T2P-Theory to Practice as a Cognitive, Educational and Social
Challenge. Mitrovica, Kosovo, 17-18 September 2020

6. Granit Kastrati, Musaj Pagarizi, Krste TaSev, Trajée Stafilov, Robert Sajn: Investigation of the
content of macro and microelements in soil and honey from the region of Mitrovica. “Ist scientific
conference for CRITICAL EN VIRONMENTAL ISSUES OF THE WESTERN BALKAN COUNTRIES”
Shtip, Republic of North Macedonia, 28-30.10.2019

Bazuar né até qé u tha mé larté, né cilési t& mentorit mendoj se hulumtimi i pérmbush kriteret e punimit t&
doktoratés, paraqet njé kontribut shumé t& madh né fushén e ambientit dhe sidomos né pérdorimin e mjaltés
dhe polenit si bioindikatoré t€ ndotjes me metale potencialisht helmuese, si dhe n& identifikimin e burimeve t&

kétyre ndotésve. Prandaj nga t€ gjitha kéto q& u prezantuan né detaje, jam i bindur se ky doréshkrim si i tillé i
plotéson kriteret pér procedim t& métutjeshém sipas rregullores s& studimeve t& doktoratés né Universitetin e

Prishtinés “Hasan Prishtina”.

F6- Paragitja e punimit té doktoratés
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Vendi, data dhe nénshkrimi

Né Prishting, 05.07.2022
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FALENDERIME

Pas njé pune dhe kohe relativisht té gjaté, ndér kénaqgésit e pérfundimit éshté té kthesh kujtimet
pas pér té falénderuar té gjithé ata gé mé ndihmuan né realizmin e kétij punimi té diplomés.

Fillimisht déshiroj té falénderoj né ményré té vecanté udhéheqésin tim Prof. Dr. Musaj Pacarizi,
pér mbéshtetjen, angazhimin, késhillat dne rekomandimet, té cilat ishin shumé té vleféshme pér
realizimin me sukses té késaj teme té doktoraturés.

Gjithashtu, falénderoj Prof. Dr. Trajce Stafilov (Institute of Chemistry, Faculty of Science, Ss.
Cyril and Methodius University, Skopje, North Macedonia), Krste Tasev (State Phytosanitary
Laboratory, Skopje, North Macedonia) dhe Dr. Robert Sajn (Geological Survey of Slovenia,
Ljubljana, Slovenia) pér kontributin né realizimin e matjeve, pérpunimin statistikor té rezulateve
dhe paragqitjen e rezultateve mé ané té hartave.

Falénderim té vecanté déshiroj ti shprehé Dr.sc. Flamur Sopaj, pér dashamirsing, ndihmen,
bisedat konstruktive, stimulimin dhe mbeshtetjen e pakursyer né secilen fazé té realizmit té késaj
teme.

Ju jam thellésisht mirénjohés dhe falénderues, anétaréve té komisionit, Prof. Dr. Fadil Millaku
(Departamenti i Biologjisé, FSHMN) pér késhillat dhe sugjerimet e pakrusyera, si dhe
identifikimin e llojeve té polenit dhe pérshrkimin botanik té vendmostrimeve, njé pjesé shumé me
réndési pér hulumtimin toné. Po ashtu, Prof. Dr. Ramé Vataj (Departameti i Kimisé, FSHMN),
pér késhillat dhe sugjerimet, té cilat e begatuan, dorshkrimin e temés.

Mirénjohés dhe falénderues té gjithé Bletrave, té cilét mé mundésuan ti marrim mostrat e mjaltit
dhe polenit direkt nga kosheret e bletéve, duke shgetésuar e né disa raste edhe démtuar ato.

Né fund déshiroj té falénderoj vecanérisht e pafundsisht familjen time, sidomos Nénén time, e
cila mé ka inkurajuar dhe edukuar se si duhet punuar me nder dhe asnjéheré té mos dorézohem
pavarsisht sfidave gé kishim né jeté. Falénderoj gruan time Edona dhe dy vajzat Amla dhe
Morea, qé mé mirékuptuan dhe mbéshtetén gjaté kétij rrugétimi.

Gjej rastin ti falénderoj té gjithé ata gé shpehen gadishmériné pér té ndihmuar sado pak né
realizimin e kétij punimi.

Ky punim i doktoraturés éshté dedikim pér Babain tim déshmor, i cili dha jetén, gé ne sot té
jetojmé dhe té shkollohemi té liré. Lavdi!

Ju faleminderit!

Granit KASTRATI



REZYMEJA

Industrializimi i hovshém, rritja e numrit té popullsisé dhe zhvillimi i saj né pérgjithési, kané
béré gé té prishet ekuilibri midis proceseve natyrore dhe atyre antropogjene dhe pér pasojé té
shkaktohet ngrohja globale dhe ndotja e mjedisit, qé paragesin problemet mé serioze né Boté
(planetin toké). Burime té ndotjés mund té jené natyrore; vullkanet, djegiet e pyjeve, erozionet e
shkémbinjéve dhe tokave etj, ndérsa, burime antropogjene té ndotjes konsiderohen aktivitetet
industriale, minerare, bujgesore dhe urbane, trafiku, etj. Kéta ndotés té shkaktuar nga kéto
burime Kkryesisht jané me natyré organike dhe inorganike. Ndotésit inorganik vecanérisht metalet
e rénda pér dallim nga disa ndotés organik jané té padegradueshém dhe késhtu pargesin tendencé
té akumulimit né toké, ligene, sediment, kafshé dhe organizma té gjallé. Metalet e rénda mund té
levizin nga njé pjesé e mjedist né njé pjesé tjetér dhe si rrjedhojé njeriu mund té jeté i ekspozuar
ndaj kétyre elementeve népérmjet rrugéve té ndryshme sic jané; marrja e ajrit té ndotur, konsumi

i ushgimit té ndotur dhe ekspozimit ndaj tokave té kontaminuara.

Monitorimi i cilésisé sé mjedisit duke matur pérgéndrimin e ndotésve né mjedis, mund té béhet
né ményré direkte pérmes matjeve té drejtépérdrejta né stacionet e monitorimit dhe pérmes
metodave indirekte duke pérdorur biomonitoré. Duke marré parasysh véshtirésit dhe kushtézimet
gé krijohen gjaté matjeve direkte né hapésiré dhe kohé té caktuar si dhe kostos sé larté té késaj
metode, vémendje gjithnjé e mé té madhe kané marré metodat indirekte duke pérdorur
biomonitorét. Bletét dhe produktet e saj mund té konsiderohen si biomonitoré shumé té miré té

ndotjés sé mjedisit.

Qéllimi i kétij hulumtimi ishte matja e pérgéndrimit té 27 elementeve né mjaltin e freskét té
marré gjaté muajve Qershor-Gusht 2019, né 99 vendmostrime né téré térritorin e Republikés sé
Kosovés. Gjithnjé, krahas mjaltit si bioindikator, pér té pasur njé pasqyré edhe mé reale mbi
burimet e ndotjés né ato lokalitete éshté marré poleni i bletés dhe dheu né dy thellési (0-5 dhe 20

— 30 cm), né total 364 mostra, ky lloj i hulumtimit éshté realizuar pér heré té paré né Kosoveé.

Pércaktimi i 27 elementeve éshté analizuar né laboratorin e Institutit t& Kimisé, Fakulteti i
Shkencave Matematiko Natyrore, Universiteti Ss. Cyril and Methodius, Magedoni Veriore, duke
aplikuar teknikén ICP-AES — (Spektrometrin e Emisionit Atomik me Plazmé me Induksion té
dyfishté, Varian, model 715-ES, Palo Alto, CA, USA), u pércaktuan pérgendrimet e 20



elementeve té méposhtém: Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, Sr dhe Zn. Né Laboratorin
Shtetéror Fitosanitar t¢ Magedonisé Veriore éshté aplikuar teknika ICP-MS — (Spektrometriné e
Masés me Plazmé me Induksion té dyfishté, Plasma Quant ICP-MS, Analytic Jena, Jena,
Germany) pér pércaktimin e Ag, As, Cd, Co, Hg, Li, Mo, Ni, Pb, Sb, Se, Sn, Ti dhe TI.

Vlerésimi i ndotjés sé mjedisit me elememente kimike éshté béré duke kryer analizat statistikore
nga paketa softwerike Staistika 13 (StatSoft, Inc., Tulsa, OK, USA), ku jané llogaritur parametrat
bazik statistikor (mesatarja, mesatraja (pas transformimit Box-Cox), mediana, minimumi,
maximumi, 10 percentile, 90 percentile, devijimi standard, devijimi standard (standard error),
koeficienti i variacionit, skewness, kurtosis, skewness (pas transformimit Box-Cox), kurtosis
(pas transformimit Box-Cox)), etj. Pastaj pér té vérejtur lidhmérin ndérmjet elementeve dhe
komponenteve (mjalté, polen, dhe) éshté kryer korrelacioni Pearson, ndérsa analiza grupore (CA-
claster analysis) dhe analiza faktoriale (FA-factor analysis) jané kryer pér té zbuluar grupet e
elementeve me origjiné natyrore apo antropogjene. Nivelet e pérgéndrimit té elementeve té
analizuara jané paraqitur edhe né fomé té vizualizuar pérmes hartave té shpérndarjes hapésinore
dhe grafikoneve sipas regjioneve dhe formacioneve gjeologjike, duke aplikuar paketat
softwerike: QGIS dhe Surfer 17 (Golden Software, Inc., Golden, CO, USA).

Rezultatet e fituara né mostrat e mjaltit, polenit dhe tokés, jané krahasuar fillimisht me standardet
pérkatése, pastaj me vendet e regjionit dhe Botés, ndérsa né pjesén e fundit té kétij hulumtimi,
pér disa metale té rénda éshté nxjerré korrelacioni midis elementeve né toké né dy shtresa (0-5
dhe 20-30 cm), polen dhe mjalté si bioindikator dhe objektiv studimi, pér té nxjerré pérfundime
sa mé té sakta né lidhje me origjinén e metaleve té rénda. Poashtu, jané béré krahasime pér
elementet e njéjta né zona té ndryshme té vendit, né zonat té cilat jané konsideruar potencialisht
té ndotura si¢ jané regjioni i Mitrovicés dhe ai i Prishtinés dhe atyre potencialisht té pastérta, si¢

jané; zonat Malore dhe zonat tjera mé pak té ndikuara nga faktori antropogjen.

Té dhénat e kétij hulumtimi tregojné se nivelet e pérgéndrimit té elementeve né mostrat e dheut
ishin si zakonisht mé té larta né krahasim mé mostrat e polenit dhe mjaltés. Kjo si rezultat i
pérbérjes gjeologjike té dheut, apo depozitimieve atmosferike. Pas aplikimit t& analizés grupore
dhe asaj faktoriale jané zbuluar asociacionet e elementeve sipas origjinés natyrore dhe
antropogjene. Né mjalté jané gjetur tri grupe té elementeve, dhe vetém njéri éshté me natyré
antropogjene F1 (Mo, Pb, Sb, Se, Ti, TI), ky grup shfaget né pjesén veriore t€ Kosoveés, si



rezultat i ndotjés gé vijn nga industria metalurgjike (nxjerrja dhe pérpunimi plumbit dhe zinkut)
dhe deponit e hirit gé gjendén né qytetin e Mitrovicés. Mé ané té késaj analize edhe né mostrat e
polenit jané zbulur gjithashtu tre grupe té elementeve, ku dy rezultuan té jené mé origjine
natyrore dhe vetém njé me origjiné antropogjene F2 (Sb-As-Pb-TI-Sn-Cd), i cili shfaget né
pjesén juglindore dhe gendrore té vendit si pasojé e ndotjes nga industria, deponité, trafiku
rrugor, pérbérja gjeokimike e tokés, speciet bimore akumuluese dhe proceset bujgésore qé
zhvillohen né ato zona. Rezultatet e marra nga mostrat e dheut poashtu u analizuan me analizé
grupore dhe faktoriale dhe pér dallim nga mjalti dhe poleni, rezultuan katér grupe té elementeve.
Tre ishin me origjiné natyrore, ndérsa vetém F4 (Pb dhe Zn) ishte mé origjiné antropogjene dhe

ndodhej né regjionin e Mitrovicés si rezultat i proceseve industriale dhe deponive prezente.

Fjalét celés: Mjalté, polen, dhe, ndotja, makro dhe mikroelementet, ICP-AES, ICP-MS,
Republika e Kosovés.



SUMMARY

Rapid industrialization, population growth and its development/modernization have caused the
balance between natural and anthropogenic activities to break and as a result cause
environmental pollution, which represents one of the most serious problems in the world.
Sources of pollution can be natural; volcanoes, forest burning, rock and soil erosion, etc., while
industrial, mining, agricultural and urban activities, traffic, etc. are considered anthropogenic
sources of pollution. These pollutants caused by these sources are mainly organic and inorganic
in nature. Inorganic pollutants, especially heavy metals, unlike some organic pollutants, are non-
degradable and thus tend to accumulate in the soil, lakes, sediment, animals and living
organisms. Heavy metals can move from one part of the environment to another and as a result,
people can be exposed to these elements in different ways such as; intake of polluted air,

consumption of contaminated food and exposure to contaminated soils.

Environmental quality monitoring by measuring the concentration of pollutants in the
environment can be done directly through direct measurements at monitoring stations and
through indirect methods using biomonitors. Taking into account the difficulties and conditions
that are created during direct measurements in a certain space and time, as well as the high cost
of this method, indirect methods using biomonitors have received more and more attention. Bees

and their products can be considered as very good biomonitors of environmental pollution.

The purpose of this research was to measure the concentration of 27 elements in fresh honey
taken during the months of June-August 2019, in 99 sampling sites throughout the territory of the
Republic of Kosovo. Always, in addition to honey as a bioindicator, in order to have an even
more realistic overview of the sources of pollution in those localities, bee pollen and soil were
taken at two depths (0-5 and 20-30 cm), a total of 364 samples, this type The research was

carried out for the first time in Kosovo.

The determination of 27 elements was analyzed in the laboratory of the Institute of Chemistry,
Faculty of Mathematical and Natural Sciences, University of Ss. Cyril and Methodius, North
Macedonia, applying the ICP-AES technique — (Double Induction Plasma Atomic Emission
Spectrometer, Varian, model 715-ES, Palo Alto, CA, USA), the concentrations of the following
20 elements were determined: Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, Sr and Zn. While the
State Phytosanitary Laboratory of North Macedonia has applied the ICP-MS technique - (Double

8



Induction Plasma Mass Spectrometry, Plasma Quant ICP-MS, Analytic Jena, Jena, Germany) for
the determination of Ag, As, Cd, Co, Hg, Li, Mo, Ni, Pb, Sb, Se, Sn, Tiand TI.

The assessment of environmental pollution with chemical elements was done by performing
statistical analyzes from the software package Staistika 13 (StatSoft, Inc., Tulsa, OK, USA),
where the basic statistical parameters were calculated (mean, mean (after Box-Cox
transformation), median, minimum, maximum, 10th percentile, 90th percentile, standard
deviation, standard deviation (standard error), coefficient of variation, skewness, kurtosis,
skewness (after Box-Cox transformation), kurtosis (after Box-Cox transformation), etc.. Then, to
observe the connection between elements and components (honey, pollen, and) Pearson
correlation was performed, while group analysis (CA-cluster analysis) and factor analysis (FA-
factor analysis) were performed to discover groups of elements of natural origin or
anthropogenic. The concentration levels of the analyzed elements are also presented in a
visualized form through spatial distribution maps and graphs according to regions and geological
formations, applying the software packages: QGIS and Surfer 17 (Golden Software, Inc.,
Golden, CO, USA).

The results obtained in the honey, pollen and soil samples were first compared with the relevant
standards, then with the countries of the region and the world, while in the last part of this
research, for some heavy metals, the correlation between the elements in the soil in two-layers
(0-5 and 20-30 cm), pollen and honey as a bioindicator and study objective, to draw the most
accurate conclusions about the origin of heavy metals. Also, comparisons were made for the
same elements in different areas of the country, in the areas which are considered potentially
polluted, such as the region of Mitrovica and that of Pristina, and those potentially clean, such as;

mountainous areas and other areas less affected by the anthropogenic factor.

The data of this research show that the concentration levels of the elements in the soil samples
were usually higher compared to the pollen and honey samples. This is a result of the geological
composition of the soil, or atmospheric deposits. After applying the group and factorial analysis,
the associations of the elements according to natural and anthropogenic origin were revealed.
Three groups of elements have been found in honey, and only one is more anthropogenic in
nature F1 (Mo, Pb, Sh, Se, Ti, TI), this group appears in the northern part of Kosovo, as a result

of pollution coming from the metallurgical industry ( extraction and processing of lead and zinc)



and the ash deposit found in the city of Mitrovica. Through this analysis, three groups of
elements were also detected in the pollen samples, where two turned out to be of natural origin
and only one of anthropogenic origin F2 (Sh-As-Pb-TI-Sn-Cd), which appears in the
southeastern and central part of the country as a result of pollution from industry, landfills, road
traffic, the geochemical composition of the soil, the accumulated plant species and the
agricultural processes that take place in those areas. The results obtained from the soil samples
were also analyzed by group and factorial analysis and, unlike honey and pollen, four groups of
elements were detected here. Three are of natural origin, while only F4 (Pb and Zn) is of
anthropogenic origin, its distribution is in the region of Mitrovica as a result of industrial

processes and landfills that are in that part.

Key words: Honey, pollen, soil, pollution, macro and microelements, ICP-AES, ICP-MS,
Republic of Kosovo.
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KAPITULLI 1

1. HYRJE

Ndotja e mjedisit paraqgitet atéheré kur né té futen substanca té cilat shkaktojné ndryshime té
pafavorshme. Ndotésit, pérbérésit e ndotjes, mund té jené substanca kimike té liruara nga
vullkanet, zjarret e pyjeve, erozioni, aktivitetet industriale, bujgésore ose ndotés gé krijohen
natyrshém. Ndotja éshté njé problem né rritje né té gjithé globin dhe si rezultat vérehen démtime
t& mjedist si dhe rrezikim i shéndetit t& njeriut. Eshté vérejtur se prezenca e metaleve té rénda né
organizma té gjallé (bimé, kafshé dhe njeréz) shkakton démtime serioze [1-5]. Elementet
ushqyese poashtu nése jané né pérgendrime té larta mund té shkaktojné eutrofikimin e trupave
ujore dhe probleme né organizma. Studimet mjedisore gé kané té béjné me ndotje jané me natyré
ndérdisiplinore dhe kérkojné njohuri nga disiplina té ndryshme shkencore si: kimia, biologjia,
ekologjia dhe ekotoksikologjia. Kimia e mjedisit éshté lémia e cila pérshkruan origjinén,
transportin, reaksionet, efektet dhe formén e substancave kimike né hidrosferé, atmosferé,
gjeosferé, biosferé dhe antroposferé. Biosfera shtrihet nga disa kilometra né atmosferé deri né
sipérfagen e tokés dhe deri né thellési té deteve dhe ogeanve. Njé pjesé e biosferés éshté rajoni i
ndikuar drejtpérdrejt nga veprimtaria e njeriut, hapésira jetésore né Toké qé éshté nén ndikimin e
njeriut ose antroposfera. Habitatet dhe biocenozat tokésore jané té lidhura ngushté mes vete dhe
me ajrin nga shkémbimet e vazhdueshme té I1éndés né faza té ngurta, té 1éngéta dhe té gazéta [6].
Cikli biogjeokimik éshté ményra mé e miré e lidhjes sé kétyre sferave dhe kjo mé sé miri
tregohet me ané té elementeve esenciale ushgyese.

Ndotja e mjedisit éshté njé nga sfidat kryesore né shogériné moderne andaj hulumtimi,
monitorimi dhe vlerésimi i ndotésve éshté shumé i réndésishém, e né veganti evitimi, largimi,
ose shkatérrimi i tyre, si dhe rehabilitimi i zonave té ndotura. Njé nga shkaget mé té réndésishme
té ndotjes éshté shkalla e larté e pérdorimit té energjisé me natyré fosile, modernizimi dhe rritja e
madhe e popullsisé. Ndotja dhe rishpérndarja e metaleve toksike, metaloideve, radionuklideve né
mjedis, si dhe futja e njé numri té madh té ndotésve organik kérkon gé gjithnjé e mé shumé té
ngriten standardet e zbulimit dhe trajtimit té kétyre ndotésve. Efektet e démshme té ndotésve
organik dhe inorganik né ekosisteme dhe né shéndetin e njeriut jané té njohura [7,8] dhe shumé

shpenzime u kushtohen metodave té trajtimit industrial, pér té parandaluar ose kufizuar
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shkarkimet si p.sh. pérdoren membranat dhe metodat t€ ndryshme si precipitimi, koagulimi,
filtrimi, sedimentimi, etj, né mjedis té kétyre ndotésve [9].

Aktivitetet antropogjene kané rezultuar né shumé probleme mjedisore si ndotja e ajrit, shiu
acidik, humbja e ozonit stratosferik, ngrohja globale, ndryshimet globale té klimés, dhe prishja e
cikleve natyrore biogjeokimike [10-12]. Kéto probleme kané pasoja té€ médha pér jetén né toke,
mjedisin biodiversitetin, ekosistemin dhe shéndetin e njeriut. Késhtu, njerézit jané béré njé forcé
gjeofizike dhe kané njé ndikim té réndésishém né planet [13]. Direktivat e Bashkimit Europian
(Directive 2008/50/EC) pér mbrojtjen e mjedisit dhe Organizata Botérore e Shéndetésisé pér
mbrojtjen e shéndetit té njeriut (OBSH), jané té fokusuara né mbrojtjen e shéndetit té njeriut dhe
ekosistemeve nga ndikimet negative té ndotésve inorganik dhe organik. Poashtu rekomandojné
gé pérvec matjeve té detyrueshme té pérgendrimeve té ndotésve né atmosferé, té béhen
monitorime pérmes pérdorimit té bioindikatoréve, té cilét pasqyrojné ndikimet né ekosisteme dhe
vlerésohen si modele rajonale [14].

Llojet e ndotésve — Ndotésit jané té llojeve té ndryshém, ndérsa mé té pérhapurit dhe mé
té démshém jané ata kimiké. Ndotésit kimik gjithashtu jané té llojeve té ndryshém, por mund té
klasifikohen né dy kategori kryesore: ndotés kimik organik dhe inorganik.

Ndotésit organik: Njé numér i madh i aktiviteteve industriale, agrokimike dhe kimike
shkaktojné ndotjen e mjedisit pér shkak té lirimit t€ vazhdueshém té ndotésve toksik né
ekositem. Por, midis té gjithé kétyre ndotésve, ndotésit organik té géndrueshém (NOQ-té) jané
mjafté shqetésues, sepse géndrojné pér njé kohé té gjaté né toké, sediment, ajér, ujé, dhe
pérgendrohen né pjesé té ndryshme té zinxhirit ushgimor [15][16].

Me té kuptuar se si ndotésit organik té géndrueshém (NOQ) lévizin pérmes ekosistemit,
dhe jané kércénues serioz té mjedisit dhe shéndetit t€ njeriut éshté ngritur shgetésimi né nivel
global [17]. Pjesa mé e madhe e ndotésve organik t& géndrushém pérfshiné kimikatet e pérdorura
né bujgési, si¢ jané: pesticidet (dichlorodiphenyltrichloroethane (DDT), aldrin, endrin, chlordane,
toxaphene, etj) [18,19], pastaj ato industriale si bifenilet e polikloruara (PCB), eter difenil
polibromuar (PBDE), perfluorooctanesulfonate (PFOS), heksaklorobenzen (HCB), ngjyrat e
ndryshme, produktet farmaceutike, etj. [20-22], gjithashtu edhe nénproduktet e djegies si
dioksinat dhe furanet [23,24]. NOQ-t¢ mund té lévizin nga njé vend né tjetrin dhe té
bioakumulohen né zinxhirin ushgimor, duke shkaktuar disa rrezige shéndetésore dhe efekte

mjedisore edhe nese ato ndodhen né pérgendrime té uléta [25,26].
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NOQ-té jané kimikate me bazé karboni dhe me veti t& ndryshme fiziko-kimike.
Qéndrueshmeria e tyre né mjedis €shté e konsiderueshme dhe kérkon kohé té gjaté pér t'u
degraduar. Disa nga kéta ndotés jané lipofil dhe kané njé tendencé té géndrojné né indet e pasura
me yndyré, jané shumé toksike dhe bioakumulimi i tyre né pérgendrime té larta né indet e
organizmave njihet si biozmadhim [27,28].

NOQ-té prishin ekuilibrin natyror, duke rrezikuar mbijetesén dhe shéndetin e té gjithé
organizmave té gjallé. Ekspozimi direkt ose indirekt ndaj NOQ-ve jep mundésiné té infektohen
té gjithé organizmat e gjallé si insektet, zogjté dhe kafshét [29-31]. Kéta ndotés shkaktojné
probleme té tilla si: kancer té jetés sé egér, ndryshime né raportet seksuale, pjellori té€ démtuar
dhe defekte té tjera fizike [32,33].

Ndotesit inorganik: Pérve¢ substancave organike, komponimet inorganike dhe jone té
metaleve té rénda gjithashtu ndotin ekosistemin. Kéto komponime nuk jané lehté té
biodegradueshme dhe nuk mund té largohen shpejt nga mjedisi. Ndotésit inorganik mund té jené
acide té shumta minerale, komponime té ndryshme inorganike, metale té rénda, jone metalike,
cianure, komplekse metalesh, komplekse organike té metaleve, etj [34-36].

Ndotja nga metalet e rénda dhe kimikate tjera inorganike éshté njé kércénim pér mjedisin dhe
shqetésim serioz pér botén e gjallé né ekositem [37]. Né pérgjithési, ndotésit inorganik pérfshijné
arsenin, kadmiumin, plumbin, merkurin, kromin, kobaltin, taliumin, manganin, nikelin, aluminin,
jonet nitrate, nitrite dhe florure, ndérsa metalet si zinku, bakri, seleni, kromi, kobalti, jodi,
mangani, molibdeni, alumini dhe nikeli konsiderohen si elemente né gjurmé dhe jané té
réndésishém pér aktivitete biologjike dhe té nevojshme pér shéndetin e njeriut, prandaj quhen
elemente esenciale. Elementet esenciale jané té réndésishme pér organizmat e gjallé dhe i
nevojiten trupit né pérgendrime té uléta. Kéto elemente luajné role té réndésishme fiziologjike
dhe biokimike né trup, pasi mund té jené pjesé e bio-komponimeve té tilla si enzimat té cilat
katalizojné reaksionet biokimike né organizém té gjallé p.sh. zinku, bakri dhe mangani jané
gjetur né enzima, kobalti né vitamina, jodi dhe kobalti né hormone, bakri dhe hekuri né enzimat
respiratore. Cd dhe Zn jané mikroelementé shumé té réndésishém pér funksionin natyror té trupit
té njeriut. Té dy marrin pjesé né formimin e strukturés sé proteinave dhe enzimave dhe marrin
pjesé né biosintezén e proteinave dhe metabolizém qelizor. Mungesa e Zn mund té sjellé
démtime né sistemin imunitar, periudha mé té gjata té shérimit té plagéve, depresion, shikim té

démtuar, ¢rregullime né shije dhe nuhatje [14,38].
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Burimet e metaleve té rénda né mjedis: Burimet e metaleve té rénda né mjedis mund té
jené natyrore, gjeogjene, litogjene dhe antropogjene. Burimet natyrore ose gjeologjike té
metaleve té rénda né mjedis pérfshijné erozionin e shkémbinjve dhe tokave gé pérmbajné metale,
shpérthimet vullkanike dhe avullimi i metaleve nga ujérat sipérfagésore né ujérat néntokésore
dhe né pjesé tjera té tokés [39,40]. Tendencat globale té industrializimit dhe urbanizimit né Toké
kané cuar né njé rritje té pérgéndrimit té metaleve té rénda né mjedis nga faktori antropogjen [1].
Burimet antropogjene té metaleve té rénda né mjedis pérfshijné aktivitetet minerare, industriale
dhe bujgésore. Metalet e rénda lirohen nga minierat, proceset e nxjerrjes dhe shpérlarjés sé
elementeve té ndryshém nga xehet e tyre pérkatése. Metalet e rénda té liruara né atmosferé nga
minierat, shkritoret dhe procesevt tjera industriale kthehen né toké pérmes depozitimit té thaté
dhe té njomé. Burimet industriale si rafinerité, termocentralet, stacionet bérthamore, plastika,
tekstilet, industria e pérpunimit té drurit gjithashtu jané pérgjegjése pér ndotjen me metale té
rénda [41,42]. Poashtu trafiku urban, shkarkimi i ujérave té ndotura té tilla si rrjedhjet industriale
dhe ujérat e zeza shtépiake shtojné metale té rénda né mjedis, pérdorimi i plehrave kimike né
bujgési dhe djegia e Iéndéve djegése fosile jané gjithashtu burime antropogjene té metaleve té
rénda né mjedis [34,37,43].

Tabela 1. Llojet e ndotésve kimik inorganik dhe burimet e tyre [34].

Ndotesit inorganik Shembuj Burimi / aktivitet

Minierat, nxjerrje dhe
pérpunimi i théngjillit
Metalet

Aciditeti, piritet, sulfuri Miniera té hapura

Lagunat me ngjyra dhe pangjyra,
té deponit té thella ose té hapura,
mbetje

Té gjitha metalet dhe anionet e
lidhura pér to

Sulfure dhe Sulfate

Flori, dioksid sulfuri, As, Cd,
Cr, Cu, cianure, Pb, Hg, Ni,
sulfate, Zn

Sulfuri, cianuret

Mbetjet metalike,
skorjet/zgjyra e hekurit dhe
celikut

Pb, Zn, Cu, Hg, Cd, Ni,
Aciditeti

Komponimet e Plumbit

Azbest, shkumés, argjilé
porcelani, gips

Bateri, elektroniké, prodhim
pigmentesh, elektrombjellje

Gazifikimi i théngjillit
Furrat shpérthyese

Shkritoret e plumbit, zinkut dhe
bakrit
Prodhimi i naftés

Mineralet tjera

Industri, punime té ndryshme
kimike

Punimet e gazit
Hekuri dhe celiku

Shkrirja dhe perpunimi |
ngjyrave
Rafinerité e naftés
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Hiri i karburantit, hiri
fluturues, radionuklidet e
ndryshme

Aciditeti, azbesti, Pb, Ni, Cd

Metalet, fosfori, Kromi
Té ndryshme, I1éndé djegése

Aciditeti, baziciteti,
komponimet kundér ndotjes,
mbetjet metalike

Mbetjet metalike, azbestet
Pb, Cd, Zn

Zn, Cu

Pb

Qymyr, gaz, central bérthamor

Baterité, veturat, pajisje shtépiake
Procese té ndryshme

Municione, kimikate kundér
korrozionit, konservues

Shkarikimet industriale,
sedimente, mbetje té ndryshme

Hekurudhat, pullazet, muret e
oborreve

Kufijté, rezervat gendrore, zonat e
rrjedhjes

Tubacionet e naftés, kabllot dhe
shtyllat, nénstacionet,
transformatorét

Ngjyrat, pesticidet, duhani,

Gjenerimi i energjisé

Riciklimi

Trajtimi i ujérave té zeza
Fabriké lékurésh, baza
ushtarake baza ajrore, marina

Aeroportet, kanalet, rrugét
ujore, portet
Hekurudhat

Rrugét

Tubacionet, rrjeti i furnizimit
me energji elektrike

Deponia e naftés

emisionet e automjeteve,
mineralogjia, djegia e qymyrit

Studimet mjedisore né aspekte té ndryshme té metaleve té rénda dhe metaloideve jané me
natyré ndérdisiplinore dhe kérkojné njohuri mbi kimin e mjedisit, ekotoksikologjiné dhe
ekologjiné. Analiza e ksenobiotikéve si metalet e rénda toksike né zinxhirin ushgimor éshté njé
sferé e réndésishme studimore dhe ka réndési mjedisore, ekologjike dhe ekonomike. Termi
metal i réndé i referohet cdo elementi kimik metalik gé ka njé dendési mé té¢ madhe se 5 g/cm®
dhe shfaqgé veti toksike ose helmuese né pérgéndrime té uléta [44]. Metale té rénda jané: merkuri
(Hg), kadmiumi (Cd), arseni (As) (metaloid), kromi (Cr), taliumi (TI) dhe plumbi (Pb) dhe jané
té rrezikshém sepse kané tendencé akumulimi. Procesi i akumulimit nénkupton rritjen e
pérgéndrimit té njé substance kimike né organizmat biologjik, né krahasim me pérgéndrimet
fillestare té substancés kimike pér shkak t& akumulimit né mjedis me kalimin e kohés. Té
dhénat e biokumulimit t¢ metaleve té rénda toksike né ekosistem mund té pérdoren pér
vlerésimin e rrezikut shéndetésor pér popullatén njerézore, gjithashtu edhe pér gjithé botén e
gjallé [37]. Termi 'bioakumulim’ pérdoret né dy ményra; a) pér té pérshkruar njé proces dinamik
té marrjes pasive ose aktive té ndonjé ndotési; b) né kuptim statik, gé do té thoté njé pérgendrim

aktualisht i larté si rezultat i proceseve té méparshme té akumulimit [45].
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1.1. ELEMENTET KIMIKE DHE PERHAPJA E TYRE NE NATYRE
Elementét kimike gjenden kudo né natyré dhe ato jané njésité ndértuese té gjithckaje, botés sé
gjallé dhe jo té gjallé. Cdo element kimik ka rolin e tij t& pazévendésueshém né ekzistencén e
natyrés dhe funksionimit normal té saj [46,47].

Pasqyré e shkurtér e shpérndarjés sé elementeve kimike né toké, ujé dhe ajér - Korja
dhe sipérfagja e tokés mund té konsiderohet si njé rezervuar natyror pér té gjithé elementét
kimiké té biosferés. Mé shumé se 99% e masés totale té korés sé tokés nga gjithésej 88 elementé
gé ndodhin natyrshém formohet vetém nga 8 elemente; 46.4% oksigjen, 28.15% silic, 8.23%
alumin, 5.63% hekur, 4.15% kalcium, 2.36% natrium, 2.33% magnez dhe 2.09% kalium, né
pérbérje pjesémarrje né masé. Oksigjeni éshté i vetmi jo-metal né mesin e 8 elementeve mé té
shpeshta né koren e tokés. Ndérsa 80 elementét e mbetur té sistemit periodik té elementeve
pérfagésojné mé pak se 1% té pérbérjes. Pjesa minerale e tokés éshté njé pérzierje e grimcave me
madhési té ndryshme, e karakterizuar nga pérbérje té caktuara petrografike, mineralogjike dhe
kimike [48-51].

Ajri si mbéshtjellsi i gazté i tokés (atmosferé), éshté pérzierje e gazrave gé pérmbajné
azot, oksigjen, ujé, argon dhe dioksid karboni si pérbérésit kryesoré. Kurse neoni, heliumi,
metani, kriptoni, monoksidi i karbonit, dioksidi i squfurit, amoniaku, hidrogjeni, oksidet e azotit,
formaldehidi, ksenoni, ozoni, sulfuri i hidrogjenit, jodi dhe pérbérésit e tjeré jané té pranishém né
sasi té papérfillshme. Uji mund té gjendet si fazé e 1éngét, ashtu edhe e ngurté. Pérvecg pérbérésve
té gazté, atmosfera gjithashtu pérmban substanca té léngéta dhe té ngurta, té pérfagésuara nga
grimca pluhuri, pika dhe kristale té vogla kripérash. Shtresat e sipérme té atmosferés pérmbajné
gjithashtu jone me ngarkesé pozitive dhe negative (anione dhe katione). Fenomenet fizike dhe
proceset gé ndodhin né atmosferé, transformimi kimik dhe pérhapja e pérbérésve ndotés
ndikojné né pérbérjen kimike dhe karakteristikat e atmosferés [52].

Uji éshté njé pérbérje kimike molekulat e sé cilés pérmbajné secila nga dy atome
hidrogjeni dhe njé atom oksigjeni. Kurse pérbérésit thelbésoré inorganik té ujérave natyrore jané
kationet kryesore si: kalciumi, magnezi, natriumi dhe kaliumi, poashtu anionet si karbonatet,
sulfatet, Kloruret dhe nitratet. Sidogofté, né ujérat e mineralizuara, sasia e natriumit mbizotéron
mbi kalciumin, sulfati dhe kloruret mbi karbonatet. Njé veti e réndésishme e ujit éshté aftésia e
tij pér té shpérndaré substancat. Arsyeja themelore pér aftésiné e treguar té tretjes dhe jonizimit

té ujit éshté karakteri i tij dipolar dhe konstanta e larté dielektrike [53].
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Bimésia si rezervuar potencial i polenit - Pjesa kryesore e peshés sé freskét té organeve
té gjalla té biméve té shumicés sé biméve, d.m.th ato gqé shfagin njé metabolizém aktiv, pérbéhet
mesatarisht nga 85-90% ujé. Substanca e thaté e trupit té bimés pérbéhet kryesisht nga elementét
e méposhtém: karboni (44.5%), oksigjeni (42.5%), hidrogjeni (6.5%), azoti (2.5%), fosfori
(0.2%), sulfuri (0,3%) dhe metalet alkaline dhe alkalino tokésore kalium (1,9%), kalcium (1,0%)
dhe magnez (0,2%). Pérvec kétyre, ka edhe té ashtuquajtura mikroelemente gqé ndodhen né
organizmin bimor né pérgendrime mé té uléta dhe jané esenciale pér shumicén e biméve. Kéto
elemente jané klori (2000 mg/kg substancé e thaté), silici (1000 mg/kg), mangani (200 mg/kg),
natriumi (150 mg/kg), hekuri (150 mg/kg), zinku (50 mg/kg) kg), bori (40 mg/kg), bakér (10
mg/kg), krom (1.5 mg/kg), molibden (0.5 mg/kg) dhe kobalt (0.2 mg/kg) [54-58].

Si makro, ashtu edhe mikroelementet jané 1&éndé ushqyese bimore jetike pér rritjen dhe zhvillimin
normal té bimés dhe funksioni i tyre nuk mund té zévendésohet me ndonjé element tjetér. Pér

kété arsye makro dhe mikroelementet njihen gjithashtu si makro dhe mikronutrienté [59].

1.2. Monitorimi i mjedisit pérmes bioindikatoréve

Monitorimi i makro dhe mikroelemeneve né mjedis béhet pér t€ marré njé informacion té
besueshém gé dokumenton cilésiné e atij ekosistemi si pjesé e njé sistemi té menaxhimit té
mjedisit, si né sektorin publik ashtu edhe né até privat. Monitorimi mjedisor éshté njé sistem gé
siguron té dhéna mbi analizimin, vlerésimin dhe parashikimin e ndryshimeve mjedisore, krijuar
me géllim té pasqyrimit té ndikimit té faktorit antropogjen apo natyror té kétyre ndryshimeve.
Sistemi monitorimit té mjedisit, nénkupton grumbullimin, sistemimin dhe analizimin e té
dhénave (informatave) mbi gjendjen e mjedisit, arsyet e ndryshimeve té vérejtura, burimet dhe
faktorét e mundshém gé ndikojné né ndryshimet e mjedist né térési. Késhtu, monitorimi mjedisor
mund té pérshkruhet si skenari i ekspozités, i bazuar né marrjen e mostrave dhe analizave
sistematike té dhénave té atij ekosistemi pér té vlerésuar kushtet mjedisore (monitorimi
nénkupton matje té pérséritura gé kryhen né kohé dhe né hapésiré té caktuar, duke zgjedhur
né ményré té pérshtashme stacionet, kohén dhe shpeshtésiné (frekuencén) e marrjes sé
mostrave (ose té matjeve té drejtperdrejta)). Njé informacion i tillé ofron bazén pér
vendimmarrje dhe zhvillimin e strategjive té menaxhimit té mjedisit, pra objektivat e monitorimit

jané marrja e informacionit té géndrueshém gé do té shérbejé si bazé pér masat dhe vendimet
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politike. Né pérputhje me pérkufizimet e mésipérme vlerésimet e monitorimit mjedisor

pérfshijné disa fusha kryesore té veprimtarisé [60—62] si¢ jané:

e vlerésimi i gjendjes aktuale té mjedisit, pasojat e ndotjes né njerézit dhe né mjediset
jetésore
e monitorimin e faktoréve qé ndikojné né gjendjen e mjedisit;
e zbulimin e ¢éshtjeve té reja mjedisore dhe pércaktimin e progresit t& béré pér té arritur
géllimet mjedisore.

e parashikimi i gjendjes sé mjedisit dhe vlerésimi i gjendjes sé parashikuar;
Pér hartimin e planit t& monitorimit e réndésishme éshté radhitja e objektivave t& monitorimit,
sepse nga to varen parametra mjafté té réndésishém té monitorimit, si: metoda e mbledhjes dhe
trajtimit t&é mostrave (duke specifikuar vendmostrimin, kordinatat, Ilojin dhe sasiné e mostrave
dhe pajisjet e marrjes sé mostrave) si dhe teknikat analitike gé pérdoren pér analizimin e
mostrave. Gjithashtu, hulumtimi pérfshin krijimin e njé programi softwerik dhe hardwerik pér
monitorimin e mjedisit, dhe njé format pér raportimin e rezultateve. Dallohen dy tipe kryesore
pér monitorimin e mijedisit: monitorimi i burimeve té ndotjés (duke pérdorur modele dhe
informacione mbi emetimet nga disa prej burimeve kryesore té ndotjes) dhe monitorimi i cilésis
sé mjedisit apo njé ekosistemi specifik (duke e argumentuar nga analizimet aktuale) [63]. Kéta
dy tipa té monitorimit nuk dallojné vetém nga objektivat, por edhe nga metodat e matjeve
analitike gé pérdoren né secilin prej tyre. Zakonisht, asnjéra nga kéto dy ményra ve¢cmas nuk jep
té gjitha té dhénat e nevojshme pér té zgjidhur njé problem mjedisor, andaj shpeshheré kérkohet
kombinimi i tyre.
Metodat e monitorimit ndahen né dy grupe kryesore: Monitorimi rutinor dhe monitorimi
emergjent. Programet rutinore t& monitorimit synojné té sigurojné informacion mbi nivelin e
pérgjithshém té kétyre elementeve té marré nga popullata né pérgjithési, ndérsa né kushte
emergjente, monitorimi i mjedisit éshté burimi mé informues i té dhénave. Matjet e nivelit té
ndotjes kérkohen pér vlerésime té shpejta té situatés pér té informuar ata gé jané pérgjegjés pér
kontrollimin e emergjencés né ményré gé té merren masat urgjente. Monitorimi né situata
emergjente éshté gjithashtu njé mjet i vlefshém dhe themelor pér té verifikuar efektivitetin e
veprimeve té ndérmarra, pér shembull, evakuimin, mbylljen e zonave, pérdorimin e shenjave,

ose ndalimin e konsumit té ushgimeve ose ujit nga zonat e pércaktuara [64].
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Ekziston monitorimi aktiv dhe pasiv. Monitorimi aktiv pérfshin ekspozimin e specieve té
pércaktuara miré nén kushte té kontrolluara, ndérsa Monitorimi pasiv i referohet analizés sé

specieve né ményré té pakontrolluar, né aspektin e konditave té evaluimit (in-situ) [65].

Hapat e njé programi té monitorimit:
Objektivat
Stacionet

Parametrat
Marrja e mostrave

Aparatura Analitike

Metodat analitike dhe
kalibrimi

Regjistrimi i té dhénave
Vlerésimi

Paragitja e rezultateve

Shpérndarja e
informacionit

Pérkufizimi i biomonitorimit; Disa pérkufizime gé jané zhvilluar dhe pérdorur gjaté viteve té
fundit, béjné dallimin e garté midis bioindikimit dhe biomonitorimit duke pérdorur gasjen

cilésore/sasiore pér substancat kimike né mjedis.

Termi bioindikator/biomonitor pérdoret pér t'iu referuar njé organizmi, ose njé pjese té tij, gé
pérshkruan shfagjen e ndotésve né bazé té simptomave specifike, efekteve, ndryshimeve
morfologjike ose pérgendrimeve té kemikalieve ndotése né organizém [66]. Ekziston njé
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ndryshim i konsiderueshém né pérdorimin e termave bioindikator dhe biomonitor: Njé
bioindikator éshté njé organizém (ose pjesé e njé organizmi ose njé komuniteti organizmash) qé
pérmban informacion mbi cilésiné e mjedisit (ose njé pjese té mjedisit). Nga ana tjetér, njé
biomonitor éshté njé organizém (ose pjesé e njé organizmi ose njé bashkésie organizmash) qé
pérmban informacion mbi aspektet sasiore té cilésisé sé mjedisit. Diferencimi i qarté midis
bioindikimit dhe biomonitorimit duke pérdorur gasjen cilésore/sasiore e bén até té krahasueshém
me sistemet e matjes instrumentale [67]. Pra njé biomonitor éshté gjithashtu njé bioindikator, por
njé bioindikator nuk plotéson domosdoshmérisht kérkesat pér njé biomonitor. Prandaj,
biomonitorimi, né kuptimin e pérgjithshém, mund té pérkufizohet si pérdorimi i organizmave
dhe biomaterialeve pér t€ marré informacion mbi karakteristikat e caktuara té biosferés. Me
zgjedhjen e duhur té organizmave, pérparésia e pérgjithshme e gasjes sé biomonitorimit lidhet
kryesisht me prezencén e pérhershme dhe té zakonshme té organizmave né terren, madje edhe
né zona té largéta, lehtésiné e marrjes sé mostrave dhe mungesén e ndonjé pajisje té

nevojshme teknike té shtrenjté [68,69].

Biomonitorimi

Bazuar né Bazuar né
Origjiné reaksioni
Aktiv Pasiv Reaksion Akumulues
Transplan I Bimét
. p Zhvillimi
timi testuese

Figura 1. Skema e pérgjithshme e biomonitorimit té metaleve té rénda [65].

Klasifikimi i biomonitorve; Organizmat mund té klasifikohen sipas ményrés né té cilén
shfaget efekti:

(1) Indikatori i veprimit, té cilét kané njé reaksion té ndjeshém ndaj ndotésve té ajrit dhe qé
pérdoren vecanérisht né studimin e efekteve té ndotésve né pérbérjen e specieve, dhe né
funksionimin fiziologjik dhe ekologjik.

(2) Indikatoret e akumulimit jané organizma Q& grumbullojné lehtésisht njé séré

elementesh/ndotésish nga mjedisi i tyre dhe prandaj pérdoren vecanérisht kur monitorohet sasia e
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ndotésve dhe shpérndarja e tyre [65,70,71]. Organizmat e pérdorur si biomonitoré mé tej mund té
klasifikohen né bazé té origjinés sé tyre né biomonitoré pasiv, té cilét ndodhen natyrshém né
zonén e studimit gé monitorohet, dhe biomonitoré aktiv té cilét sillen né zonén e studimit nén

kushte té kontrolluara pér njé periudhé té caktuar té kohés [63,72].

Treguesii reagimit
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Figura 2. lHustrimi i termave reaksion, akumulim dhe treguesi efekt/ndikim [70].

Biomonitorimi pasiv i referohet monitorimit ose analizés kimike té specieve autoktone.
Né pérgjithési, metoda pasive e biomonitorimit ka njé disavantazh t¢ madh sepse té gjitha
proceset dhe té gjitha burimet veprojné né té njéjtén kohé dhe nuk ka asnjé mundési pér t’i ndaré
ato dhe pér té kérkuar njé té vecanté [73,74]. Studimet tregojné se disa nga faktorét fizik dhe
kimik, si¢c jané ndryshimet natyrore né kushtet e makro dhe mikroklimés sé ambientit, si
aciditeti, temperatura, lagéshtia, drita dhe lartésia [75], ndikojné dukshém né akumulimin e
elementeve né gjurmé, ose dukurité elementare (ushqyese) té ambientit dhe béjné gé

biomonitorét té shfagin sjellje té€ ndryshueshme.

Biomonitorimi aktiv pérfshin ekspozimin e specieve/llojeve té pércaktuara miré nén
kushte té kontrolluara pér organizmat @qé hulumtohen. Né procedurén e
transplantimit/shpérnguljes,  organizmat e  pérshtatshém  (myshget dhe likenet)
transplantohen/shpérngulen nga zonat e pa ndotura né zonat potencialisht té ndotura. Teknikat e
transplantimit/shpérnguljes duket té jené té dobishme, veganérisht né nivele relativisht té larta
ndotésish. Njé avantazh i vecanté, krahasuar me pérdorimin e specieve autoktone, éshté ai i
kohés sé ekspozimit té pércaktuar miré, por riprodhueshméria e késaj teknike duket se nuk éshté

shumé e kénagshme pér parametra té tillé si dendésiteti i ajrit dhe shkalla e depozitimit [73].
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Parimet e monitorimit pérmes bioakumulimit; Kuptimi i procesit t€ bioakumulimit éshté i
réndésishém pér disa arsye. Bioakumulimi né organizma mund té rrisé géndrueshmériné e
kimikateve té caktuara né ekosistem né térési, pasi ato jané té fiksuara né indet e organizmave,
né vend gé té ekspozohen ndaj degradimit té drejtpérdrejté fizik, kimik ose biokimik. Pastaj
substancat e démshme té biokumuluara futen né zinxhirin ushgimor pérmes organizmave bimor

apo shtazor.

Biomonitorimi konsiderohet si metodé pér té vlerésuar pérgendrimet e elementeve né gjurmé né
organizmat biomonitorues. Ky proces nénkupton gé biomonitorimi duhet té pérgendrojé
elementin me interes dhe té pasqyroj né ményré sasiore kushtet e tij ambientale [76,77]. Kur
studiojmé proceset e akumulimit do té ishte e nevojshme té béjmé dallimin midis rrugéve pérmes
té cilave organizmat i marrin elementet apo pérbérsit tjeré. Mekanizma té ndryshém kontribuojné
né akumulimin e pérgjithshém (bioakumulim), né varési té ndérveprimeve gé lidhen me llojet
midis treguesve/monitoréve dhe mjedisit té tyre biotik dhe abiotik [45]. Né pérgjithési, njé
tregues i miré i akumulimit té ndotésve duhet té plotésoj disa kritere:

1. Grumbulloj ndotés nga ajri apo toka né té njéjtén ményré dhe né té njéjtén shkallé né kushte té
ndryshme.

2. Metodat e kampionimit dhe protokolli pér pérgatitjen e mostrés pér kryerjen e matjeve duhet
té jeté i thjeshté dhe i shpejté dhe matjet duhet té japin informacion né lidhje me nivelin e
akumulimit té ndotésit.

3. Duhet té tregojé gjithashtu kufijté e rrezikut té shkaktuar nga rritja e niveleve té ndotésve.

4. Llojet e organizmave té pérdorura duhet té jené mjaft té zakonshém dhe té jené né dispozicion
pér mbledhje gjaté gjithé vitit né té njéjtén zoné.

5. Pérdorimi i tij duhet té bazohet né metodat standarde té marrjes sé mostrave dhe analizave.

6. Biomonitorimi duhet té pasqgyrojé ndryshimin e pérgéndrimit té elementeve si rezultat i
ekspozimit té integruar pér njé periudhé té kohés.

7. Pér té pércaktuar gjendjen e ekosistemit né lidhje me ndotésin né studim, duhet té dihet edhe

gjendja e ekosistemit né zonén e studimit.

Pra monitorét e pérshtatshém jané ata té cilét i plotésojné kushtet e lartécekura, e béjné té

mundur monitorimin e vazhdueshém dhe retrospektiv té ndotjes dhe me kosto relativisht té ulét.
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Kur géllimi éshté informacioni né kohé mbi pérgéndrimin e makro dhe mikroelementéve né zona
specifike, pérdorimi i monitoréve té tillé éshté i preferuar. Hulumtimet dhe argumentimet
shkencore ndihmojné né pérzgjedhjen e biomonitoréve pérshtatshém pér monitorim. Njé ndér
arsyet mé té réndésishme éshté shpérndarja e llojeve té cilét lejojn njé monitorim afatgjaté, duke
pérfshiré krahasimet hapésinore (népér véndmostrime té ndryshme) dhe né periudha té ndryshme
kohore [77-80].

1.3. Hulumtimi i makroelementeve dhe elementeve né gjurmé né mjalté,
polen dhe toké

Bletét mjaltore dhe produktet e tyre si bioindikator

Veté ekzistenca e bletéve mijaltore (Apis mellifera) varet drejtpérdrejt nga cilésia e
mjedisit. Ky insekt dhe produktet e tij, konsiderohet si njé bioindikator i miré pér shkak té
vecorive té tij morfologjike, té cilat béjné t¢ mundur monitorimin e ndotjes brenda njé zone prej
disa kilometrash katroré pér rreth koshereve. Bletét mjaltore jané insekte shogérore dhe formojné
koloni. Ato kalojné njé cikél specifik jetésor gjaté vitit, t¢ ndaré né dy periudha kryesore. Njé
periudhé e punés intensive fillon me fluturimin e paré pranveror nga muajt shkurt-mars, kur
temperatura arrin 12-15 °C dhe pérfundon me fluturimin e fundit né sezonin e vjeshtés para
dimrit [81]. Bleta éshté organizém shumé i pérhapur, me kérkesa modeste ushgimore dhe lehté
shumézohet (shtohet). Trupi i bletés éshté i mbuluar me gime, té cilat e béjné até té pérshtatshme
pér té mbajtur materialet dhe substancat gé vijné né kontakt me té. Ajo éshté e ndjeshme ndaj
shumé produkteve gé pérdoren pér mbrojtjen e biméve, duke zbuluar kur ato jané shpérndaré né
ményré té pa kontrolluar né mjedis (p.sh gjaté lulézimit, né prezencé té erés, etj). Si rezultat i
shkallés shumé té larté té riprodhimit dhe jetégjatésisé mesatare relativisht té shkurtér, kolonité i
nénshtrohen riprodhimit té shpejté dhe té& vazhdueshém. Lévizshméria e saj e madhe dhe
fluturimi né hapésira té gjéra lejon gé té monitorohen zona té caktuara. Bletét vazhdimisht jané té
ekspozuara ndaj veprimit té ndotésve té pranishém né aférsi té koshereve nga pranvera né
vjeshté, né njé zoné gé mund té jeté deri né 7 km?. Nése supozohet se ndonjé zgjua pérfshin té
paktén 1000 bleté punétore dhe se secila prej tyre viziton 1000 lule né dité, mjalti i prodhuar ¢do
dité mund té konsiderohet rezultat i té paktén 1.000.000 ndérveprimeve [82-84]. Gjaté
mbledhjés sé ushgimit, té gjithé sektorét e mjedisit (toka, bimésia, uji, ajri) jané prekur nga bletét

dhe né fund, njé gamé e gjeré materialesh éshté sjellé né koshere (nektar, polen, mjalti i
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insekteve, propolis dhe ujé) dhe ato ruhen sipas kritereve té verifikueshme, gjithashtu
ksenobiotikét ngjiten né trupat e bletéve dhe hyjné né to me ajrin gé marrin. Prandaj bleta éshté

mjet efikas i hulumtimit té ndotjes né shumé studime mjedisore [85-87].
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Figura 3. Diagrami i shpérndarjes sé substancave ndotése né ambient. Zona me ngjyré hiri tregon
sektorét ambiental té vizituar nga bletét [85].

Bletét e mjaltit tregojné démtimin nga substancat kimike t& mjedisit ku ata jetojné pérmes dy
sinjaleve: vdekshmérisé sé larté (e shkaktuar kryesisht nga mbetjet e pesticideve) dhe substancat
e mbetjeve té pranishme né trupat e tyre ose né produktet e koshereve (pesticide dhe ndotés té
tjeré si metalet e rénda dhe radionuklidet) gé mund té zbulohen me ané té analizave té

pérshtatshme laboratorike [85,88].

Njé numér i mineraleve té ndryshme dhe metaleve té rénda né mjalté varen kryesisht nga
pérbérja e tokés, si dhe llojet e ndryshme té biméve me lule [89]. Pér mé tepér, metalet ndotése
shkarkohen né ajér, ujé dhe toké pérmes proceseve industriale dhe gjeologjike [90]. Nga
piképamja ushqyese, mineralet ndodhen natyrshém né substanca té ndryshme kimike né biosferé
(pérfshiré té gjitha ushgimet) té gjetura pas degradimit té indeve bimore dhe shtazore [91]. Ato
formohen nga proceset gjeologjike [92] dhe jané esenciale pér rregullimin e rrugéve metabolike
né organizmin e gjallé [93]. Mineralet ndahen né tre grupe né bazé té kérkesave té trupit: (1)

elementet kryesoré, (2) elementet gjurmé dhe (3) elementet ultra-gjurmé. Elementet kryesore si¢
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jané natriumi (Na), kaliumi (K), kalciumi (Ca), magnezi (Mg), fosfori (P), squfuri (S), klori (CI)
duhet té jené té pranishém mé shumé sé > 50 mg/d (day), ndérsa elemente né gjurmé si¢ jané
hekuri (Fe), jodi (1), fluori (F), zinku (Zn), seleni (Se), bakér (Cu), mangan (Mn), krom (Cr),
molibden (Mo), kobalt (Co ), nikeli (Ni) kérkohet té jené né pérgendrime mé pak sé < 50 mg/d
tek geniet njerézore [91]. Kérkesat dietike té llogaritura pér elementet ultra né gjurmé; alumini
(Al), arseni (As), bariumi (Ba), bismuti (Bi), bor (B), brom (Br), kadmium (Cd), cezium (Cs),
germanium (Ge), merkuri (Hg), litium (Li), plumb (Pb), rubidium (Rb), antimon (Sb), silic (Si),
samarium (Sm), kallaj (Sn), stroncium (Sr), talium ( TI), titani (Ti), volframi (W) jané zakonisht

mé pak se 1 pg/g dhe shpesh paragiten me mé pak se 50 ng/g né Iéndén e thaté té dietés [94].

Mikroelementet apo elementet né gjurmé jané té dobishme pér shéndet t€ miré, nese
pérgéndrimet e tyre jané brenda normave té lejuara, e vecanérisht nése ato vijné nga njé burim
organik ose bimor. Kohét e fundit, éshté propozuar njé pérkufizim mé i gjeré pér termin, dhe
metalet e rénda jané pércaktuar si "metale gé ndodhin natyrshém gé kané numér atomik mé té
madh se 20 dhe njé dendésitet elementar mé t& madh se 5 g/cm® [95]. Hulumtimet shkencore
tregojné se Pb, Cd, Hg, Cr, Cu, Mn, Ni, Zn dhe Ag jané metalet e rénda mé té réndésishme
[44,94]. Metalet e rénda jané toksike ose helmuese né pérgendrime té uléta pér shkak té
tendencés sé tyre pér t'u akumuluar né organizmat e gjallé [37,96]. Futja e tyre né zingjirin
ushgimor dhe e ardhmja e tyre ambientale jané ndér géllimet e monitorimit té kétyre elementeve,
né krahasim me ndotésit e tjeré, si¢ jané pesticidet. Pesticidet jané té shpérndara né kohé dhe né
hapésiré dhe né varési té llojit t&¢ komponimit kimik ato degradohen nga faktoré té ndryshém
ambientalé né periudha té gjata ose té shkurtra té kohés. Metalet e rénda, né anén tjetér,
emetohen né ményré té vazhdueshme nga burime té ndryshme natyrore dhe antropogjene dhe
meqeé ato nuk jané té degradueshme, ato né ményré té vazhdueshme jané né lojé duke hyré né
cikle fizike dhe biologjike.
Metalet e rénda té pranishme né atmosferé mund té depozitohen né trupat me gime té bletéve dhe
té sillen né koshere me polenin, ose ato mund té absorbohen bashké me nektarin e luleve, pérmes
ujit ose nektarit [85]. Njé numér variablash merren né konsideraté kur pérdoren bletét ose
produktet e koshereve té bletéve si¢ jané mjalti, pér té monitoruar metalet e rénda né mjedis, si:

e moti (shiu dhe era mund té pastrojné atmosferén ose té transferojné metalet e rénda né njé

sektoreé tjetér mjedisor),
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e stina (rrjedhja e nektarit, e cila éshté zakonisht mé e madhe né pranveré se né veré dhe né
vjeshté, mund té hollojé ndotésin),
e origjina biologjike e mijaltit (nektari i luleve me morfologji té hapur dhe nektari i

insekteve jané mé shumé té ekspozuar ndaj ndotésve).

1.3.1. Mjalti

Mijalti si nga piképamija cilésore ashtu edhe nga ajo ekonomike éshté produkti mé i réndésishém i
bletes, pérve¢ késaj ishte produkti i paré i bletés i pérdorur nga njerézimi né kohérat e hershme
[97]. Mjalti i prodhuar nga bletét éshté njé solucion natyral sheqgeri shumé i koncentruar i cili
pérbéhet nga njé pérzierje komplekse e karbohidrateve dhe konsumohet si njé ushgim me vlera té
larta ushqyese dhe shéndetésore [98]. Mjalti si produkt ushgimor konsumohet shumé nga fémijét
mbi moshén njé vjecare, té rriturit por edhe nga personat me shéndet mé fragjil. Duke gené se
mjalti pérdoret edhe pér géllime shéruese, ai duhet té jeté i pa kontaminuar dhe pa pérbérés té
démshém né vecanti duhet té pérmbajé sasi té limituara té ndotésve té tillé si metalet e rénda,
prandaj studimi i cilésisé sé mijaltit ka réndési té madhe pér té vértetuar aspektin e sigurisé
ushgimore pér pérdorimin e kétij produkti. Né varési té kushteve gjeografike dhe llojit té florés
sé pranishme, mund té dallohen lloje t€ ndryshme té mijaltit. Vlera e mijaltit varet nga
vendndodhja e shoqérisé sé bletéve, mjedisi, koha e mbledhjes, kushtet atmosferike, etj. Secili
lloj i mjaltés ka vetité e tij karakteristike té shijes, ngjyrés dhe kristalizimit [99-102].

Mijalti natyror pérmban mé shumé se 75% karbohidrate (kryesisht fruktozé dhe glukozé), me njé
sasi té vogél sheqgernash té larta, acide organike (acidi oksalik, laktik, malik, tartaric, citrik),
aminoacide (praling, fenilalaning), hidroksiamina, vitamina, fermente. Pérve¢ pérmbajtjés sé
Iéndéve organike, mjalti mund té konsiderohet si njé burim i réndésishém i makro dhe
mikroelementeve, pasi pérmbajtja e tij minerale varion nga 0,04 wt.% deri né 0,20 wt.%/100g
[102-104]. Niveli e makro dhe mikro-mineraleve né mjalté lidhet me vendndodhjen e luleve dhe
mund té keté lloj-llojshméri té€ madhe té mjaltit me origjin té ndryshme. Njé numér i mineraleve
té ndryshme dhe metaleve té rénda né mjalté varen kryesisht nga pérbérja e tokeés, si dhe llojet e
ndryshme té biméve me lule [89,105]. Kuantifikimi i mineraleve dhe i metaleve té rénda te
mjalti, ofron informacione pér gjurmueshmériné gjeografike si dhe kontaminimin e mjedisit

pérkatésisht tokés dhe origjinés botanike nga éshté marré materiali pér prodhimin e mjaltit, ngase
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bletét prodhuese té mjaltit u ekspozohen né ményré té vazhdueshme kontaminantéve té
ndryshém potencial té pérhapur né natyré [106].

Njé mungesé, tepricé apo prishje e balancit t¢ mikroelementeve mund té shkaktojé
probleme shéndetsore tek njeriu. Mikroelementet jané biologjikisht té akumulueshém dhe shumé
aktive, ato sigurojné zhvillimin natyror té reaksioneve fiziologjike, marrin pjesé né metabolizém
dhe ndikojné né metabolizmin e pérgjithshém. Metalet gjurmé si natriumi, kaliumi, kalciumi,
hekuri, zinku, bakri dhe mangani mund té konsiderohen esenciale pér metabolizmin biologjik té
organizmave té gjallé. Metale té tjeré si plumbi, kadmiumi, merkuri dhe alumini klasifikohen si
mikrokontaminues té mjedisit, toksik ose jo thelbésor pér organizmat e gjallé. Pérgendrime té
larta té kétyre mikroelementeve mund té jené edhe vdekjeprurése, pér shkak té pamundésisé sé
metalit t& réndé pér t’u metabolizuar nga trupi, duke ¢uar né akumulim né indet e buta/lidhore
njerézore ose shtazore pa u shkatérruar plotésisht. Pérve¢ késaj, problemet e shkaktuara nga
metalet e rénda manifestonen me dhimbje koke, anomali metabolike, c¢rregullime té
frymémarrjes, marramendje, té vjella, démtim té trurit, veshkave, sistemit nervor dhe gelizave té
kuge té gjakut [105,107].

Lista e hollésishme e mineraleve, mikroelementéve té tjeré dhe elementéve gjurmé gé gjenden né

mjalté jepet né Tabelén 2 [95].

Tabela 2. Elementet kimike té gjetura né mjalté [95].

Mineralet Pérmbajtja | Elementet Pérmbajtja | Elementet Pérmbajtja
(mg/100 g) (mg/100 g) (mg/100 g)
Natriumi (Na) 16-17 Alumini (Al) 001-24 Plumbi (Pb)** 0.001-0.03
Kalciumi (Ca) 3-31 Arseni (As)** 0.014 - 0.026 | Litiumi (Li) 0.225-1.56
Kaliumi (K) 40 -3500 | Bariumi (Ba) 0.01-0.08 | Molibdeni (Mo)* 0-0.004
Magnezi (Mg) 0.7-13 Bori (B) 0.05-0.3 Nikeli (Ni)* 0-0.051
Fosfori (P) 2-15 Bromi (Br) 04-13 Robidiumi (RDb) 0.040 - 3.5
Seleni (Se) 0.002-0.6 = Kadmiumi (Cd)** 0-0.001 Silici (Si) 0.05-24
Bakri (Cu)* 0.02-0.6 | Klori (Cl) 0.4-56 Stronciumi (Sr) 0.04 - 0.35
Hekuri (Fe)* 0.03-4 Kobalti (Co)* 0.1-0.35 Sulfuri (S) 0.7-26
Mangani 0.02-2 Fluori (F) 04-134 Vanadiumi (V) 0-0.013
(Mn)*
Kromi (Cr)* 0.01-0.3 | Jodi (J) 10 - 100 Zirkoniumi (Zr) 0.05-0.08
Zinku (Zn)* 0.05-2

* Metalet e rénda; ** Metalet e rénda toksike
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1.3.2. Poleni

Poleni éshté gametofit mashkull i luleve gé si I1éndé ushqyese mblidhet né lulet e ndryshme
nga kolonité e bletéve té mjaltit (Apis mellifera L.) me géllim té ushqyerjes sé larvave dhe
bletéve né fazat e hershme té zhvillimit. Poleni i bletéve grumbullohet né kémbét dhe trupat e
bletéve gjaté kohés kur bletét vizitojné lule té llojeve té ndryshme bimore me gellim té marrjes sé
nektarit. Megenése grumbullohet nga shumé lloje bimore, pérmbajtja e tij mund té ndryshojé
ndjeshém, varésishté nga shuméllojshmeria bimore. Poleni i grumbulluar nga bletet sillet né
koshere me ané té kémbéve té tyre té pasme [108-110]. Bletét pérmes péshtymes (sekrecionit) sé
gojés e lagin polenin, kjo ndihmon qé poleni té ngjitet né formé kokérrze [111,112]. Péshtyma e
bletés pérmbané nektar dhe enzima si: amilazé, katalazé etj. Njé kokérr poleni pérmban deri né
10% nektar, prandaj pérgendrimi i mineraleve né polenin e luleve éshté mé i larté se niveli i

mineraleve né polenin e bletés [113,114].

Poleni i bletés ka vlera té larta ushqyese, andaj pér shkak té vetive té tij antioksiduese dhe
antimikrobiale pérdorét né apiterapi. Poleni éshté i pasur me proteina, karbohidrate, lipide,
vitamina, minerale dhe pérbérje polifenolike. Né 100g polen bletésh ka pérafersisht: 500-3000
mg substanca minerale, 13-55 g karbohidrate, 10-40 g proteina, 1-10 g yndyré, 0,3-20 g fibra
dietike, 20-100 mg vitamina dhe 40-3000 mg glikozide dhe flavonoide [81,115-118]. Prania e
kétyre pérbérésve ka béré gé poleni té konsiderohet si ila¢c gé lufton kancerin, sémundjet e
zemrés dhe diabetin [119,120].

Krahas vlerave ushqgyese, poleni mund té pérmbajé edhe materie toksike organike [121-123] dhe
inorganike [81,124-126], sepse poleni éshté i ekspozuar ndaj atmosferés dhe pérmes rrénjeve té
biméve ka lidhje me toké e cila mund té jeté e kontaminuar. Prania makro dhe mirkro
elementeve né mostrat e polenit pér zonén e studimit éshté reflektim direkt i faktorit gjeogjen
dhe atij antropogjen [127]. Ndotja e polenit me elemente toksike si: As, Pb, Cd, Hg, Cr, Zn, Se,
Ag, Au dhe Ni éshté déshmuar nga autor té ndryshém [81,120,126,128,129]. Pb, Cd dhe As jané
elemente té raportuara me shpesh si ndotés té polenit [81,114,119,130]. Poleni i bletés mund té
pérdoret si njé bio-indikator né pasqyrimin e ndotjes sé mjedisit me metale té rénda [120,131].
Varésisht nga morfologjia e terrenit bletét pér té thithur nektar dhe mbledhé polen mund té

pérshkojné njé zoné me diametér deri 7 km duke vizituar rreth 1000 lule [110,131]. Poleni me
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cilési optimale duhet té mblidhet afro 3 km larg trafikut rrugoré, zonat bujgésore té trajtuara me
pesticide ose zona tjera té kontaminuara [81,114].

Pérgendrimi i larté i metaleve né produkte té bletes &shté tregues i toksicitetit, ndérsa sasité e
limituara té metaleve té rénda si: Fe, Cu, Zn, Mn, Mo, Ni dhe Co kané funksione té réndésishme
dhe marrin pjesé né proceset fiziologjike té te gjithé organizmat e gjallé [126,127,132].
Gjithashtu prezenca né polen e njé numri mineralesh si elemente ushgyese (K, P, Mg, Ca, Na, S,
Cr, Ni dhe Se) gé jané gjetur né mostrat e polenit té bletéve éshté e miréseardhur [109,133-137].
Marrja e kétyre elementéve né sasi té duhur éshté thelbésore pér té ruajtur homeostazén,
mbrojtjen e gelizave, funksionalitetin dhe shéndetin e bletéve etj., ndérsa né mungesé te tyre
mund té vijé deri tek sémundje té ndryshme [138-140].

Né pérgjithési ka pak punime ose hulumtime té botuara mbi kontaminimin e polenit me metale té
rénda [141,142]. Qéllimi ishte hulumtimi i elementeve minerale dhe metaleve té rénda né

polenin e bletés si bio-indikator té ndotjes.

Tabela 3. Pérmbajtja e polenit

Mineralet, elementet Pérmbajtja Min. -

né gjurmé Max. (mg/kg)
Kaliumi (K) 4000 - 20000
Magnezi (Mg) 200 - 3000
Kalciumi (Ca) 200 - 3000
Fosfori (P) 800 - 6000
Fekuri (Fe) 11-170
Zinku (Zn) 30 - 250
Bakri (Cu) 2 -16 9/100g
Mangani (Mn) 20 -100

1.3.3. Dheu

Nga piképamja e pérbérjes materiale, toka mund té karakterizohet né pérgjithési si njé
sistem polidispers heterogjen, i pérbéré nga faza té ngurta, té léngéta dhe té gazta. Késhtu pra,
toka éshté njé burim dinamik i formuar nga pérbérés abiotik dhe biotik. Komponenti abiotik
pérfshin grimca minerale me madhési té ndryshme, e karakterizuar nga pérbérje té caktuara
petrografike, mineralogjike dhe kimike (réré, balté dhe argjilé) dhe Iéndén organike e cila

formohet nga organizmat e tokés dhe humusi. Komponentét biotiké jané organizma té gjallé,
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duke pérfshiré populacionet e biméve, kafshéve dhe mikroorganizmave (bakteret dhe kérpudhat),
té cilat ndryshojné né madhési, numér, natyré, cikle jetésore, burime ushgimore, etj. Pér proceset
e humifikimit, bimét, bakteret dhe mykofitat jané mé té réndésishmet. Sistemi rrénjor i biméve
mé té larta siguron lévizjen mekanike té tokés dhe e mban até té liré. Bakteret zbérthejné 1éndén
organike né toké. Cdo fazé pérmban njé mineral dhe njé pjesé organike, faza e léngshme éshté

tretésira e tokés dhe faza e gazté éshté ajri i tokés.

Pjesa minerale pérfagéson njé pjesé thelbésore té materialit té tokés, sasia e tyre né fazén e
ngurté zakonisht éshté nga 95 deri né 99 % dhe éshté formuar nga erozioni i shkémbinjve té
ndryshém né shtresat sipérfagésore té kores sé tokés (shkémbinjté qé mbulojné sipérfagen e
tokés, té cilat i nénshtrohen erozionit intensiv, mund té ndahen né tre grupe kryesore, shkémbinj
magmatiké, sedimentaré dhe metamorfiké). Né lidhje me pérbérjen elementare, pjesa minerale
pérmban né thelb té gjithé elementét natyroré, megjithaté, vetém teté elementé jané té pranishém
me shumicé gé tejkalon 1% si: O 46.6%, Si 27.7%, Al 8.1%, Fe 5.0%, Ca 3.7%, Na 2.8%, K
2.6%, Mg 2.1%. Midis elementeve makrobiogjene, grimcat minerale furnizojné bimét
vecanérisht me Ca, K, Mg dhe P (né indet e biméve, mund té gjinden 16 makro dhe mikro
elementé biogjeniké si mé poshté: C, O, H, N, P, K, Ca, Mg, S, Fe, B, Mo, CI, Mn, Cu, Zn).
Gjithashtu edhe né organizma jané gjetur shumica e 99 elementeve té kores sé tokés, mé shumé
se 99% e peshés trupore té kétyre organizmave pérfshin vetém 11 makroelemente si; H, C, N, O,
Na, Mg, P, S, Cl, K, Ca, ndérsa elementet e mbetura jané mikroelemente.

Mikroelementét jané té pranishém né toké vetém né pérgendrime shumé té ulta, kryesisht deri né
0.001%. Né jetén e biméve dhe kafshéve, pérfshiré njeriun, ato luajné njé rol shumé té
réndésishém, pasi ato jané pérbérés té vitaminave, enzimave, hormoneve dhe substancave té tjera
biologjike me njé aktivitet té larté fiziologjik. Pamjaftueshméria e tyre mund té ¢ojé né sémundje
dhe shgetésime té ndryshme dhe késhtu, ato jané njé fokus i interesit bujgésor dhe ushqyes
[48,143-145].

Tabela 4. Pérmbajtja mesatare e elementeve né toké dhe né litosferé [48].

Elementet Litosferé Toké
% %
Oksigjeni (O) 47.2 49
Silici (Si) 27.6 33
Alumini (Al) 8.8 7.13
Hekuri (Fe) 51 3.8
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Kalciumi (Ca) 3.6 1.37

Natriumi (Na) 2.64 0.63
Kaliumi (K) 2.6 1.36
Magnezi (Mg) 2.1 0.6
Titani (Ti) 0.6 0.46
Hidrogjeni (H) 0.15 /
Karboni © 0.1 2
Sulfuri (S) 0.06 0.085
Mangani (Mn) 0.09 0.085
Fosfori (P) 0.12 0.08
Azoti (N) 0.01 0.1
Bakri (Cu) 0.01 0.002
Zinku (Zn) 0.005 0.005
Kobalti (Co) 0.003 0.0008
Bori (B) 0.0003 0.001
Molibdeni (Mo) 0.0003 0.0003

Ndotja, origjina, monitorimi: Dheu/toka (né kété punim me fjalén toké i referohemi
dheut pér shkak té pérshtatshmérisé sé diskutimit) konsiderohet si njé nga pérbérésit kryesoré té
ekosferés sé tokés. Toka formon bazén e zinxhirit ushqyes né fund té té cilit géndron njeriu.
Karakteristika mé e réndésishme e tokés éshté pjelloria e saj, aftésia e tokés pér té siguruar bimét
me ujé, ajér, 1éndé ushqyese né sasi optimale né té gjithé bimésiné. Sistemi i tokés éshté njé
pérbérés shumé specifik dhe né njé faré mase mund té eleminojé né ményré efektive dhe té
natyrshme substancat té ndryshme té huaja. Toka dhe pérbérésit e ekosistemit - uji dhe ajri - jané
treguesit themeloré té ndotjes. Toka humbet pér shkak té ndotjes pasi aftésia e saj pér tu
rigjeneruar nga efektet negative té shkaktuara nga aktiviteti natyror dhe antropogjen béhet i
kufizuar [146,147].

Elementet kimike ndodhén kudo né mjedis dhe shumica e tyre gjenden né pérgendrime mé té
vogla se 100 mg kg™, dhe né kété rast, ato konsiderohen si elemente gjurmé [144,148]. Elemente
té tjeré zakonisht ndodhen né pérgendrime mé té larta dhe ato emértohen elemente kryesoré: Al,
Ca, Mg, Na, K, P dhe Fe. Sidoqofté, né gjeokimi kufiri pér té dalluar njé element gjurmé nga njé
element kryesor éshté 1000 mg kg™ [149,150].

Origjina e elementeve kimike né zona té caktuara té dheut mund té jeté natyrale ose
antropogjene. Proceset natyrore gé rezultojné né njé futje té ndotésve mund té jené erozioni |
trupave xeheroré (ndotésit inorganiké), aktiviteti vullkanik ose zjarret né pyje dhe kullota

(ndotésit inorganiké dhe organiké) [151]. Vecanérisht, nivelet e larta té elementeve toksiké né
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toké shpesh lidhen me gjeokiminé lokale dhe né kété rast, origjina e ndotjes quhet gjeogjene.
Sidoqofté, né shumé raste, ndotja e tokés éshté rezultat i aktivitetit njerézor (i géllimshém ose
aksidental). Ndotja e géllimshme e tokés pérfshin minierat, shkrirjen, asgjésimin e mbetjeve,
djegien e Iéndéve djegése fosile, nxjerrja e gazit, industrité, gitjet sportive, trajnimet ushtarake
dhe aplikimin e agrokimikateve ose ujérave té zeza [152,153]. Ndotja aksidentale mund té ndodh
pér shkak té aksidenteve bérthamore, pérmbytjeve nga lumenjté ose deteve, rrjedhjet nga
deponité ose derdhjet aksidentale. Gjithashtu éshté e réndésishme té béhet dallimi midis ndotjes
lokale dhe difuzive té tokeés, té cilat ndryshojné né pérmasat dhe formén e vendndodhjes gé éshté
e ndotur [154].

Sjellja e elementéve gjurmé né toké dhe rrjedhimisht, bio-disponueshméria e tyre ndryshon né
lidhje me origjinén e tyre dhe varet nga kushtet e tokés dhe vetité fiziko-kimike té saj.
Megjithaté, pavarésisht nga format kimike té metaleve gjurmé antropogjene né toké, fito
disponueshmeéria e tyre éshté dukshém mé e larté se ato me origjiné gjeogjene. Tokat e disa
rajoneve té botés (dhe vecanérisht té Evropés) kané gené dhe do té jené né té ardhmen subjekt i
rritjes sé pasurimit mineral, aplikimit té pesticideve, asgjésimit t¢ mbeturinave dhe ndotjes
industriale. Té gjitha kéto aktivitete njerézore ndikojné né vetité kimike dhe fizike té tokés dhe
cojné né ndryshime né sjelljen e elementéve gjurmé né toké. Ndikimet e aciditetit té tokés,
alkalizimit, kripézimit dhe humbjeve té 1éndés organike né pérvetésimin e elementéve gjurmé

nga bimésia, jané béré céshtje serioze té mjedisit dhe shéndetit té njeriut [155-158].
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2.0. PJESA EKSPERIMENTALE

QELLIMI I STUDIMIT

Qéllimi i kétij studimi ishte hulumtimi i nivelet t& 27 elementeve kimiké, té ndaré né dy grupe:
makroelementeve (Al, Ca, Fe, K, Mg, Na, P) dhe elementeve né gjurmé (Ag, As, B, Ba, Co, Cr,
Cu, Li, Mn, Mo, Pb, Ni, Sr, V, Zn) né mostrat e mjaltit, dheut dhe polenit né 5 regjionet mé té
médha té Kosovés, qé kané karakteristika té€ ndryshme gjeografike dhe mjedisore. Té dhénat
analitike tregojné se diapazoni i sasive té elementeve kimiké individualé jané té ndryshueshém
dhe mund té varen nga shumé faktoré, pérfshiré burimet e mundshme té ndotjes.

Objektivat e studimit ishin:

e Vlerésimi i nivelet t€ pérgendrimit t€ 27 elementeve né 5 regjione dhe né 99
vendmostrimet, identifikimi i burimeve kryesore té kétyre elementeve té gjetura né
mjalté, polen dhe toké.

e Té krahasojé nivelin e elementeve té njéjta né mostrat e ndryshme, si dhe vlerésimi i
shkallés sé ndotjés sipas zonave té ndryshme.

e Hulumtimi i korrelacionit t¢ metaleve té rénda midis mostrave té mjaltit, polenit dhe
tokés né dy thellési (0-5 dhe 20-30 cm).

Té dhénat e fituara nga ky hulumtim jané njé kontribut modest pér shoqériné

Kosovare, dhe do té shérbejné si referencé e studimeve té ngjashme, ndérsa

Institucionet e Republikés sé Kosovés, kané njé pasqyré reale pér cilésiné e mjaltés né

aspektin e nivelit té elementeve né gjurmé dhe faktorét té cilat shkaktojné ndotjen e

mjedisit dhe produkteve té bletés me kéto elemente.

40



KAPITULLI I

2.1. Zona e Studimit

Republika e Kosovés, ndodhet né Evropén Juglindore, pérkatésisht né pjesén e Ballkanit
Peréndimor, ka njé sipérfage prej 10,908 km?, ku 53% jané toké bujqgésore, ndérsa 41% pyll
[159]. Ishte vlerésuar se 15% e tokés/dheut éshté e cilésisé sé larté, 29% e mesme dhe 56% e
cilésisé sé dobét [160]. Gjeologjia e Kosovés éshté mjafté e larmishme si pér nga koha e krijimit
ashtu edhe nga pérbérja. Ka shkémbinjé qé nga mosha e proterozoikut e deri te kuaternari.
Shkémbinjté mé té vjetér né Kosové gjenden né pjesén lindore (Kamenicé) dhe i takojné moshés
sé neoproterozoikut dhe pérfagésohen nga shkémbinjté (gnejset, rreshpet, etj). Formacionet e
paleozoikut gjenden né pjesé té ndryshme té Kosovés, si né: Alpet Shqiptare (Kosové) (Bjeshkét
e Nemuna), Malet e Sharrit, Karadakut, Blinajés, Artanés etj. Pérfagésohen nga rreshpet
kristalore me shkallé té ulét t& metamorfizmit. Formacionet e mezozoikut kané shtrirje mjaft té
madhe né territorin e Kosovés, e gé jané shkémbinjé sedimentaré dhe magmatiké. Shtrihen né
malet e Sharrit, Bjeshkét e Nemuna, Mokna, malet e Hasit dhe Pashtrikut, malet periferike té
Drenicés dhe Maleve Lindore, etj. Formacionet e kenozoikut kané pérhapje t&¢ madhe né pjesén
fushore té Kosoveés, duke ndértuar fushégropat e Dukagjinit, Kosovés, Anamoravés, Llapit dhe
Drenicés, ndérsa né pjesét e epérme té maleve gjenden depozitimet akullnajore. Pérve¢ gé hasen
shkémbinjté sedimentaré (gélgeroré, mergelé, argjila) hasen edhe shkémbinjté vullkanik
(miocen) gé kané ndikuar né paragitjen e mineralizimit té Pb-Zn né disa miniera t¢ Kosovés
(Trepcé, Artané, Hajvali, Kizhnicé, Badoc, etj). Gjaté neogjenit, me ané té levizjeve tektonike né
Gadishullin Ballaknik u krijuan vargmale dhe fushégropat. Fushégropat né Kosové u mbuluan
nga ujérat e ligeneve ku mé voné jané sedimentuar depozitime té shkrifta (réré, argjilé e zhavorr)
me ndérshtesa té gymyrit (linjit). Sedimentet mé té reja gjeologjike gjenden pérgjaté lumenjve
(aluvionet), shpateve (deluvionet) dhe né pjesét e tara té maleve (morenat akullnajore) [161-
163]. Topografikisht, Kosova pérfagéson njé pellg té rrafshét té rrethuar nga té gjitha anét me
male té larta (Malet e Sharrit, Alpet Shqiptare dhe Kopaoniku) té cilat arrijn deri né 2656 m
(Gjeravica). Lartésia mbi detare né rrafshin e Kosovés dhe Dukagjinit luhatet prej 400 - 700 m.
Industrité kryesore jané Bujgésia, Energjia dhe Minierat. Mostrat e mjaltit, polenit dhe tokés jané
marré né 99 lokalitete té cilat ju takojné teté regjioneve te Kosovés (Figura 4). Pjesa mé e madhe
e Kosovés éshté e dominuar nga klima kontinentale e cila modifikohet né pjesén jugore té

Kosovés nga klima mediterane e cila arrin nga Adriatiku pérmes luginés sé lumit Drini i Bardhé.
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Scale (km)

Figura 4. Vendndodhja e rajonit t& hulumtuar

Republika e Kosovés edhe pse éshté njé vend i vogél, éshté gendér e réndésishme e
diversitetit bimor né Gadishullin Ballkanik dhe né Evropé. Flora e Kosovés numéron rreth 3000
taksone bimé vaskulare nga té cilat njé numér i konsiderueshém jané bimé mjaltédhénése té
pérhapura nga livadhet e ultésirave, zonat kodrimoro-malore deri té zonat subalpine dhe alpine
[164-166]. Rajonet mé té pasura né aspektin e biméve mjaltédhénése si dhe té florés dhe
vegjetacionit né pérgjithési jané Malet e Sharrit né jug dhe né peréndim Alpet Shqiptare té
Kosovés. Me lloje bimore mjaltédhénése jané té pasura edhe pjesa veriore dhe gendrore té
Kosovés. Kété shuméllojshméri té florés dhe vegjetacionit té Kosovés e kané mundésuar faktoré
té ndryshém si: pozita fitogjeografike, pérbérja e larmishme gjeologjiko-pedologjike, faktorét
klimatik si dhe e kaluara historike e saj.
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Mostrat pér analizé t€ mijaltit dhe polenit jané marré nga shogérité e bletéve té cilat
polenin dhe nektarin e kané marré nga kéto lloje bimore: Fabaceae (Vicia cracca, V. sativa,
V.faba. V. hirsuta, V. pannonica, Trifolium pratense, T. repens, T. medium, Medicago sativa,
Melilotus albus, Astragallus sp., Onobrychis sp, Robinia pseudoacacia); Rosaceae: (Malus sp.,
Prunus avium, P. cerasus, Pirus sp., Rubus idaeus, R, ceasisus, R. ulmiflorus, Fragaria vesca);
Cucurbitaceae (Cucurbita pepo, C.maxima, Cucumis melo, C. sativus, Citrullus vulgaris);
Asteraceae (Helianthus annuus, H. tuberosus, Cardus crispus, Centaurea sp., Taraxacum
officinale, Cirsium arvense, C. vulgare, C. palustre); Lythraceae (Lythrum alatum, L. salicaria);
Salicaceae (Salix alba, S. purpurea); Lamiaceae (Prunella vulgaris, Thymus sp., Mentha
piperita, M. longifolia, M. Aquatica, Ajuga reptans, Origanum vulgare, Teucrium montanum, T.
chamaedrys); Fagaceae (Castanea sativa); Malvaceae (Malva sylvestris, Althaea officinalis,
Tilia cordata, T. platyphyllos, T. tomentosa); Primulaceae (Primula acaulis, P. veris);
Cornaceae (Cornus mas, C. sanguinea), Oleaceae (Fraxinus ornus, Syringa vulgaris);
Solanaceae (Solanum tuberosum, S. lycopersicum, Capsicum annum), Boraginaceae (Phacelia
tanacetifolia, Echium wvulgare, E.italicum, E. rubrum), Brassicaceae (Brassica napus);
Dipsacaceae (Knautia arvensis); Scrophulariacea (Verbascum thapsus,V, phlomoides,V.
blattaria, Melampyrum pratensae, M. nemorosum); Onagraceae (Chamenerion angustifolium);

Gymnospermae (Pinus sp, Abies alba, Picea abies).
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Figura 5. Harta sipas pérdorimit té tokés dhe gjeologjis sé rajonit té& hulumtua.

2.1.2. Burimet e mundéshme té ndotjes né Republikén e Kosovés
Burimet e ndotésve jané té natyrés sé ndryshme, p.sh., emetimet nga motorét e automobilave dhe
mjeteve tjera té transportit, industria metalurgjike, shfrytézimi i léndéve djegése fosile dhe
procese té tjera urbane. Ndérsa ndotésit potencial me metale té rénda dhe elemente tjera tokésike
né territorin e Kosovés jané: Kompleksi industrial Trepca né Mitrovicé [167], Artané dhe
Kishnicé, Termocentralet (Kosova A dhe Kosova B), Ferronikeli né Drenas, Fabrika e ¢cimentos-
Sharcem né Han té Elezit, impiantet e ndryshme me kapacitet té vogla dhe atyre pér ngrohje, si
dhe ndotésit natyral gé njihen me termin 'gjeogenik’. Problem mjaft shqetésues pér ndotjen e
mjedisit jané edhe mbetjet industriale té trashéguara, deponit e mbetjeve urbane, etj. Megenése
akoma nuk éshté krijuar kadastri i ndotjés, shumé té dhéna mund té jené vetém si té
paragjykuara, por se kéto burime kontribuojné né masé té konsiderushme né mjedis [167—-169].

Hulumtimet tregojné se metalet e rénda dhe elementet e tjeré jané gjetur si ndotés né
mjalté [82,170-172], polen [82,170,173] dhe toké [167,173-175] né disa regjione té Kosovés.
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2.2. MATERIALI DHE METODAT
2.2.1. Mbledhja, trajtimi dhe zbérthimi i mostrave té mjaltit, polenit dhe dheut

Mostrat e mjaltit, polenit dhe dheut u morén gjaté periudhés Qershor-Tetor 2019 né 99

stacione té ndryshme né gjithé teritorin e Republikén e Kosovés. Pér shkak té vendndodhjes sé
bletishteve, stacionet e monitorimit nuk jané té shpérndara né ményré uniforme, por gjithsesi
shpérndarja pérfshiné gati téré teritorin e Kosovés. Mostrat u morén sipas procedurave standarde
pér mjalté, polen dhe toké.
Nga gjithésej 99 stacione sa jané pérfshiré né kété hulumtim, né total jané mbedhur 364 mostra:
99 mostra mjalté, 99+99 dhe/toké (né thellésit 0-5 cm dhe 20-30 cm) dhe 67 mostra polen.
Mostrat jané mbledhur né 5 regjionet administrative t€ Kosovés, mé saktésisht né gytetet dhe
fshatrat e kétyre regjioneve: Né regjionin e Prishtinés jané mbledhur 25 mostra mjalté, 50 mostra
dhe/toké né dy shtresat dhe 17 mostra polen. Né regjionin e Mitrovicés 16 mostra mjalté, 32
mostra dhe/toké né dy shtresa dhe 9 mostra polen, regjioni i Gjilanit 19 mostra mjalté, 28 mostra
dhe/toké dhe 11 mostra polen, regjioni i Pejés 19 mostra mjalté, 28 mostra dhe/toké dhe 16
mostra polen dhe regjioni i Prizrenit 20 mostra mjalté, 40 mostra dhe/toké dhe 14 mostra polen.

2.2.2. Mjalti

Gjithsej 99 mostrat e mjaltit (rreth 200 g/mostér) qé u pérdorén né kété hulumtim u
moren nga bletarét vendor. Mostrat u mblodhén direkt nga kosheret e bletéve duke pérdorur lugé
druri, dhe duke u ruajtén né ené plastike té sterilizuar né temperaturé 20-25 °C né ambient té
errésuar. Né té gjitha stacionet ku éshté planifikuar marrja e mostrave, fillimisht jané etiketuar
kosheret me shifrén pérkatése me qéllim gé pronari t¢ mos e levizé até shoqéri bletésh nga ai
lokacion gjaté asaj periudhe deri né marrjen e mostrés, gjithashtu té mos e trajtoj me kimikate té
ndryshme.
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Figura 6. Foto nga tereni gjaté grumbullimit dhe ruajtjes sé mostrave té mjaltit

Né figurén 7, paragesim harten e shpérndarjes sé stacioneve té marrjés sé mostrave té mjaltit né

Republikén e Kosovés.
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Figura 7. Harta e shpérndarjes sé mostrave té mjaltit

2.2.3. Poleni

Gjaté muajve Maj — Gusht 2019, né 67 vendmostrime u mblodhén mostrat e polenit té
bletéve (Figura 9). Mostra éshté marré si polen kokérr i grumbulluar nga bletét, pér té depozituar
né hoje. Pér t& mbledhur mostrat e polenit, né hyrje té secilés koshere ishte vendosur njé rrjeté
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plastike (kurthé) e pajisur me njé mekanizem gé grumbullonte polenin nga krahet e bletéve qé
hynin né koshere, ndérsa pér té shmangur thithjen e lagéshtisé dhe oksigjenit poleni u ruajt né
ené plastike t& vakumuar, dhe pastaj né frigorifer né temperaturé -16 °C ku gendruan derisa u
kryen analizat. Mostrat u thané pér 5 oré né furré né 35 °C dhe pas tharjes ka vazhduar procedura

pér zbérthim.

Figura 8. Mbledhja dhe trajtimi i mostrave té polenit

Né figurén e 9 éshté paraqitur harta e shpérndarjes sé stacioneve té marrjés sé mostrave té polenit

né Republikén e Kosovés.
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Figura 9. Harta e shpérndarjés sé mostrave té polenit

Zbérthimi i mostrave té mjaltit dhe polenit: Mostrat e mjaltit dhe polenit jané tretur né
njé sistem tretje mé mikrovalé; né njé tub Tefloni (PTFE), jané peshuar 0,5 g mjalté ose polen,
né té cilin jané shtuar 7 ml HNOj3; (69% V/V, ultrapure, Merck, Germany) dhe 2 ml H,0; p.a.
(30% V/V, Merck, Germany), pastaj tubi i teflonit u fut né mikrovalé (Analitic Jena TOP wave,
Jena, Germany) pér té béré zbérthimin e tyre sipas procedures: Nga 0 - 170 °C pér 5 min, pastaj
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pér 10 min né temperaturé konstante (170 °C); pastaj 170 - 200 °C pér 1 min. duke vazhduar pér
15 min né temperatur konstante (200 °C); pastaj u krye faza e ftohjes pér 23 min né 50 °C. Pastaj
tretésira e mostrés sé zbérthyer ishte holluar me ujé té ridestiluar né ené volumetrike té plastikés

me Véllim 25 ml dhe éshté dérguar pér analizé.

Figura 10. Laboratori i kimisé analtike, Zbé&rthimi i mostrave té mjaltit dhe polenit me Mikrovalé-
Analitic Jena
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2.2.4. Dheu

Mostrat e dheut jané marré né lokalitetet e njéjta ku jané marré mostrat e mjaltit dhe
polenit. Piké stacionet e ndryshme té marrjes sé mostrave né thellési 0-5 cm dhe 20-30 cm jané
marré né pesé pika kryesore né sipérfage 50 x 50 m (dmth. secila né veri (V), jug (J), lindje (L),
peréndim (P) dhe né gendér (C) té véndmsotrimit, nga ku jané marré kordinatat dhe lartésia
mbidetare (Figura 11). Mostrat jané marré sipas procedurave standarde pér toké [176,177].

Figura 11. Harta e shpérndarjés sé mostrave té dheut
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Mostrat nga secila thellési e vecanté e tokés né sasi rreth 1 deri 3 kg (p.sh. sipérfagésore 0-5 cm
dhe néntokésore 20-30 cm né V, J, L, P dhe C) u vendosén né té njéjten gese té najllonit gé
mbyllet me zipp lock, jané etiketuar, pastaj jané vendosur né njé kuti prej druri né temperaturén e
ambientit dhe jané dérguar né laborator pér para-trajtim dhe zbé&rthim né Universitetin e
Prishtinés, Kosové pérkatésisht né Fakultetin e Shkencave matematike-natyrore, Deparatamenti i
Kimisé.

Mostrat e dheut jané tharé né ambient t¢ mbyllur né temperaturé té€ dhomés pér rreth dy javé, té
shtrira né letéra celuloze té pastra. Pastaj mostra éshté pastruar nga copézat e guréve dhe biméve
dhe éshté homogjenizuar, gjithashtu jané tharé né furré né temperaturé 45 °C. Mostrat e thara
jané bluar né mullirin me sfera té tipit Retsch PM 100 CM. Mostrat jané situr né siten prej
W=125 mic. e tipit Analysensieb DIN I1SO 3310-1, Stainless Steel. Mostrat u trajtuan me kujdes

pér té shmangur ndotjen eventuale.

Zbérthimi i mostrave té dheut: Pér zbérthimin e mostrave té dheut éshté pérdorur
pérzierja e acideve (HNOgs, HF, HCIO,4, dhe HCI) sipas metodés ISO 14869-1:2001(E) [155]. Né
peshore analitike jané peshuar rreth 0.25 gr mostér té tokés sé situr paraprakisht, mostra éshté
vendosur né goté tefloni dhe jané shtuar 5 ml HNO3z 65% (acid nitric 65%). Gota me mostér
éshté véndosur né resho pér ngrohje né temperaturé rreth 105-110 °C derisa jané liruar avuijt
ngjyré kafe, gjé gé tregon oksidimin e mostrés me HNOj3. Shtimi i sasis s€ HNO3 ka vazhduar
deri né oksidimin e ploté té mostrés dhe deri sa lirimi i avujve éshté ndérpreré térsisht. Mostra
éshté larguar nga resho dhe lihet té ftohet, pas ftohjés, pér zbérthim total jané shtuar 5 ml HF >
40% (acid florhidrik > 40%) dhe 1.5 ml HCIO4 70% (acid perklorik 70%), pérzirja éshté
vendosur prapé né resho pér ngrohje derisa éshté ndérpreré lirimi i avujve té dendur té HCIO,
dhe tetrafluorurit té silicit. Nuk éshté lejuar gé pérzirja té avullohet deri né tharje. Mbetja e tretur
e mostrés éshté Iéné té ftohet dhe pastaj né té jané shtuar 1.0-1.5 ml HCI 37% (acid klorhidrik
37%) dhe 2-3 ml H,O té ridestiluar. Pérzirja e fituar éshté ftohur dhe filtruar népérmjet letrés
filtruese Munktellit nr. 2, filtrati éshté nivelizuar me ujé té ridestiluar né ené volumetrike té
plastikés prej 25 ml deri né shenjé. Mostra pérfundimtare éshté ruajtur né shishe té plastikés té
etikétuar me shifrén e mostrés dhe éshté dérguar pér analizé. Tretésirat e fituara né kété ményré

jané analizuar me spektrofotometér té emisionit atomik mé plazmé mé induktim té dyfishté,
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Varian 715-ES, dhe Spektrometriné e Masés me Plazmé me Induksion té dyfishté, Plasma Quant
ICP-MS, Analytic Jena, Jena, Germany.
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Figura 12. Foto nga tereni gjaté mbledhjés sé mostrave té dheut, trajtimi dhe zbértimi i tyre

2.2.5. Anzliza kimike (Instrumentet)

Té gjitha mostrat (n=364) dhe standardet e tyre jané dorézuar né laborator né ményré té
rastésishme (pa rend té paracaktuar). Kjo proceduré ka mundésuar evitimin e gabimeve gjaté
trajtimit t& mostrave dhe shpérndarje té rastit gjaté ndryshimeve té mundéshme té kushteve
analitike pér té gjitha mostrat.

Analizat kimike si dhe pércaktimi i 27 elementeve éshté béré né laboratorin e Institutit t¢ Kimisé,
Fakulteti i Shkencave Matemaike-Natyrore, Universiteti Ss. Cyril and Methodius, Magedoni
Veriore, duke aplikuar teknikén ICP-AES — (Spektrometrin e Emisionit Atomic me Plazmé me
Induksion té dyfishté, Varian, model 715-ES, Palo Alto, CA, USA) [178], u pércaktuan
pérgendrimet e 20 elementeve té méposhtém: Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, Sr dhe
Zn. Ndérsa né Laboratorin Shtetéror Fitosanitar t¢ Magedonisé Veriore éshté aplikuar teknika
ICP-MS — (Spektrometriné e Masés me Plazmé me Induksion té dyfishté, Plasma Quant ICP-
MS, Analytic Jena, Jena, Germany) pér pércaktimin e Ag, As, Cd, Co, Hg, Li, Mo, Ni, Pb, Sb,
Se, Sn, Ti dhe TI.

Tretésira standarde Multielementéshe IV pér ICP me pérgendrim 1000mg/L (11355-1CP multi
Element Standard, Merck, Darmstadt, Gjermany) éshté pérdorur pér kalibrim té aparatit.
Standardet e punés me pérgendrim 1 pg/ml, 10 pg/ml dhe 200 pg/ml jané pérgaditur me hollimin
e standardit kryesor.

Besushméria e metodave analitike té pérdorura pér pércaktimin e pérgendrimit té elementeve né

analizén e métejshme statistikore éshté konsideruar adekuate.

Tabela 5. Kufijté e méposhtém té detektimit mé ICP-MS

Elementi Kufiri i detektimit
Hg 0.01 mg/kg
Ag, Bi, Cd, Co, Cu, Mo, Ni, Pb, Sb, TI, 0.1 mg/kg
As, Se 0.5 mg/kg
Ba, Cr, Mn, Sr, Zn, 2 mg/kg
B 20 mg/kg
Na, P, Ti 0.001 %
Al, Ca, Fe, K, Mg 0.01 %
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Figura 13. Aparatura ICP-AES

2.2.6. Kimikatet e pérdoruara

Té gjitha kimikatet e pérdorura kané gené té pastértisé analitike.

HNO3; 69% (acid nitric 69% V/V, ultra pure, Merck, Germany)
HNO; 65% p.a. (acid nitric 65%)

H,0, 30% p.a. (peroksid hidrogjeni 30% V/V, Merck, Germany)
HF > 40% p.a. (acid florhidrik > 40%)

HCI 37% p.a. (acid klorhidrik 37%)

HCIO,4 70% p.a. (acid perklorik 70%)

H,0 té ridestiluar
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2.3. Pérpunimi statistikor i té dhénave

Té dhénat e fituara nga analiza kimike e mostrave té mjaltit, polenit dhe tokés jané pérpunuar
statistikisht. Analiza statistikore éshté kryer nga paketa softwerike Statistica 13 (StatSoft, Inc.,
Tulsa, OK, USA), ndérsa vizualizimi i té dhénave éshté kryer duke pérdorur disa paketa
softwerike: QGIS dhe Surfer 17 (Golden Software, Inc., Golden, CO, USA). Madhésia e celulés
themelore té rrjetit pér interpolim ishte 200m x 100m. Pér pércaktimin e kufijve té terreneve jané
marré pérgindjet e vlerave té shpérndarjes sé vlerave té interpoluara. Jané zgjedhur shtaté nivele
té vlerave té pérgendrimeve: 0-10, 25-40, 40-60, 60-75, 75-90 dhe 90-100. Té dhénat e
parametrave statistikoré themeloré pér elementet e pércaktuara né mostrat e mjaltit, polenit dhe
tokés jané paragitur né Tabelat 6, 10 dhe 15, né té cilat jepen statistikat pér té dhénat e
papérpunuara dhe té dhénat e transformuara me metodén Box-Cox. Koeficientét e korrelacionit
Pearson u llogaritén gjithashtu pér té gjitha pérgendrimet e elementeve né mostra. Vlera absolute
e r prej 0.50 deri 0.75 tregon asociacion té miré, kurse ajo midis 0.70 dhe 1.0 asociacion té forté
ndérmjet elementeve (Tabelat 8, 12 dhe 18). Nga matrica e koeficienteve té korrelacionit jané
marré né kosideraté si té réndésishme vetém vlerat e koeficientit 0.5 — 0.75 dhe 0.75 - 1. Pjesa

mé e madhe e vlerave té koeficienteve té korrelacionit jané ndérmjet 0.75 dhe 0.9.

Né analizén faktoriale, jané marré né konsideraté si té ndara, mostrat e mjaltit, polenit dhe tokés,
pér 27 elemente kimike. Disa prej elementeve kimike jané eliminuar nga analiza e métejshme pér
shkak se ato ose kané pjesémarrje té ulét té asociacionit ose tendencé pér té formuar faktoré té
pavarur. Kéto metoda (analiza té grupimit (claster analysis) dhe ajo faktoriale (factor analysis)) u
aplikuan pér té zbuluar lidhjet e mundshme midis elementeve né té gjithé zonén e mostrimit dhe
pér té zvogéluar numrin e variablave sintetike né tre deri katér (F1 deri F4). Mé pas, nga
asociacionet gé u identifikuan, u konstatua origjina gjeogjene dhe antropogjene e elementeve
(Tabelat 9, 13 dhe 19). Jané llogaritur koeficientet e korrelacionit pér sistemet sipérfagésore (top-
soil) dhe néntokésore (bottom soil) pér elementet potecialisht toksike, poashtu edhe korrelacionet

pér sistemet toké, polen dhe mjalté pér disa elemente toksike (Tabela 20 dhe 21).
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Kapitulli 111

3.0. REZULTATET DHE DISKUTIMI
3.1. Mijalti

Pérgendrimet e 27 elementeve né 99 mostrat e mjaltit té freskét t€ marra né regjione té
ndryshme té Kosovés, jané paraqgitur né Tabelen 6. Pér secilin element jané llogaritur parametrat
né vijim; mesatrarja, mesatraja (pas transformimit Box-Cox), mediana, minimumi, maximumi,
10 percentile, 90 percentile, devijimi standard, devijimi standard (error standard), koeficieneti i
variacionit, skewness, kurtosis, skewness (pas transformimit Box-Cox), kurtosis (pas
transformimit Box-Cox). Vlerat e pérgendrimit pér elemente; K, Ca, P, Al, Ba, Cr, Cu, Fe, Mg,
Mn, Na, Ni, Pb, Sr, Ti dhe Zn jané dhéné né mg/kg, ndérsa pér Ag, As, Cd, Co, Hg, Li, Mo, Sb,
Se, Sn dhe Tl jepén né pg/kg.

Vlerat mesatare té pérgéndrimeve té elementeve pér mostrat e mjaltit ndjekin radhén: (mg/kg) K
(970) > Ca (110) > P (75) > Mg (65) > Na (56) > Al (7.4) > Fe (4.6) > Ba (2.9) > Zn (2.8) > Mn
(2.4) > Cu (2.0) > Ti (1.0) > Sr (0.71) > Cr (0.38) > Ni (0.32) > Pb (0.20); (ng/kg): Li (220) > Se
(80) > Co (33) > Cd (23) > Ag (18) > Sn (16) > Hg (15) > Mo (10) > As (6.8) > Sb (4.5) > Tl
(3.2). Pérmbajtaj e makro dhe mikromineraleve né produktet e bletés éshté e lidhur ngusht me
origjinen gjeografike té mjaltit, llojin e lules dhe llojin e tokés [97,179]. Pérgendrimet e larta té
makromineraleve K, Ca, P, Mg, Na dhe Mn, paragesin vlera dhe shpérndarje homogjene té
pérgendrimit né té gjitha mostrat. Pérmbajtja e kétyre elementeve né mostrat e mjaltit mund té
jeté me origjiné natyrore/litogjenike gé lidhen kryesisht me pérbérjen e tokés, edhe pse plehrat
mund té kené kontribuar né kéto pérgendrime vecanérisht tek Kaliumi dhe Fosfori, kurse
pérgendrimi i Manganit mund té vijé edhe nga faktori antropogjen [180,181].

Sa u pérket mikromineraleve Zn, Cu dhe Fe vérehet njé ndryshushméri sipas mostrave. Zinku
paraget vlera né interval (0.75 — 14 mg/kg), pérgendrimet maksimale jané gjetur né
vendmostrimin M82 Cercé-Istog (14.1), M30 Semetisht-Suhareké (8.57), M86 Dumnicé-
Vushtérri (8.55), M44 Kosaqgé-Gjilan (7.45), M87 Frashér-Mitrovicé (7.40), M63 Kliné (6.93)
dhe M53 Gracanic-Prishtiné (6.62), ndérsa né té gjitha vendmostrimet tjera vlerat ishin nén 5.5
mg/kg. Niveli i bakrit ishte né shpérndarje mjaft homogjene né té gjitha vendmostrimet me
interval (0.52 — 9.5 mg/kg), me pérjashtim té vendmostrimeve M63 (Kliné) dhe M18 (Vranig-
Suharekeé) ku shfagen vlera me té larta 9.55, respektivisht 5.22 mg/kg.
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Pérgendrime té larta té hekurit kishte né vendmostrimin M98 (Krushevle-Mitrovicé) 14.88
mg/kg, M84 (Kliné e Eperme-Skenderaj) 13.89 mg/kg, M57 (Korreticé e Epérme Drenas) 13.16
mg/kg, dhe M40 (Terpezé-Malishevé) 11.18 mg/kg. Kurse niveli i bakrit né té gjitha mostrat e
marra sillet né interval (0.57 — 15 mg/kg).

Pérmbajtja e zinkut, kryesisht éshté nga faktori litogjen, megjithaté né disa prej lokaliteteve té
lartépérmendur (M87, M53, M86 dhe M82) njé pjesé lidhet me ndotjen industrial p.sh. nga
kompleksi metalurgjik Trepca apo aktivitete e guréthyesve. Ndérsa bakri dhe hekuri jané
kryesisht me origjiné natyrore/litogjene.

Elementet si: Zn, Cu dhe Fe bashké me mikroelementet As, Cd, Cr, Co, Ni, Pb dhe Hg
futen né grupin e elementeve potencialisht toksike, nese pérgendrimet e tyre kalojn limitet e
lejuara, sipas Food and Agricultural Organisation and World Health Organisation (FAO/WHO)
codex Alimentarius CXS 193-1995 [108,182,183].

Pérgendrimi i arsenit né mostrat e mjaltit varironte nga 2.1 - 25 pg/kg. Krahasuar me té
gjitha vendmostrimet, vleré mé larté té pérgendrimit arseni Kishte né vendmostrimin M43
(Sllovi-Lipjan) 25.2 pg/kg. Ndérsa né vendmostrimet tjera pérgendrimi i arsenit ishte nén 1.60
pa/kg. Pérgendrimi mé i larté i Kadmiumit ishte né vendmostrimin M65 (Fushé Kosové) 268.4
pa/kg, kurse vlera pothuajse identike rreth 77 pg/kg kishte né vendmostrimet M4 (Hani i Elezit),
M82 (Cercé-Istog) dhe M56 (Artané). Né té gjithé vendmostrimet tjera vlerat e pérgendrimit
ishin nén 57.4 pg/kg deri 0.98 pg/kg. Vlerat minimale dhe maksimale t& pérgendrimit t& kromit
né mostrat e mjaltit varironte nga 0.069 — 2.1 mg/kg. Sipas lokaliteteve vlera mé té larta té
pérgendrimit ishin gjetur né vendmostrimet M2 (Buzes-Opoj€) 2.05 mg/kg, M9 (Hogé e gytetit-
Prizren) 1.33 mg/kg, dhe M29 (Te rrasat-Rahovec) 1.17 mg/kg. Niveli i pérgendrimit té kobaltit
varironte nga 4.2 — 240 pg/kg. Niveli mé i larté éshté gjetur né vendmostrimin M63 (KIing)
241.2 pg/kg, kurse vlerta tjera té pérgendrimit ishin nén 146.17 pg/kg.

Nikeli éshté njé mikroelement mjaft i pérhapur né toké, ujé, ajér dhe né biosferé. Nivelet
mé té larta té pérgendrimeve jané gjetur né véndmostrimin M52 (Bardh | Madhé-Fushé Kosové)
1.2 mg/kg dhe né M47 (Bubavec-Malishevé) 1.1 mg/kg. Vlerat minimale té pérgendrimit jané
gjetur né vendmostrimin M85 (Bukosh-Vushtérri) 0.124 mg/kg. Niveli mesatar i pérgendrimit té
Plumbit pér gjithé térritorin e Kosovés ishte 0.20 mg/kg. Pérmbajtja e plumbit sipas regjioneve
kishte treguar njé ndryshueshméri té theksuar nga vlera minimale 0.05 deri tek ato maksimale 2.1

mg/kg. Vlera maksimale kryesisht ishin gjetur né qytetin e Mitrovicés dhe lokalitetet pér rreth.
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Kjo i atribuohet ndotjes industriale nga kompleksi metalurgjik Trepca. Pérgendrimi mé i larté i

plumbit ishte né vendmostrimin M91 (Zvecan-Mitrovicé) 2.1 mg/kg, poashtu pérgendrime té

larta u gjetén né vendmostrimin M86 (Dumnicé-Vuhtérri) 1.14 mg/kg, M90 (Kushtové-
Mitrovicé) 0.78 mg/kg, M88 (Shupkovc-Mitrovicé) 0.70 mg/kg, M87 (Frashér-Mitrovicé) 0.65

mg/kg, M66 (Hajnoc-Kamenicé) 0.65 dhe né M92 (Karagé-Vushtérri) 0.54 mg/kg.

Pérgendrimi i merkurit né mostrat e mjaltit ishte nga 9.6 — 25 pg/kg, ndérsa ai mesatar

ishte 15 pg/kg. Merkuri vlera maksimale té pérgendrimit kishte treguar né rrethin e Mitrovicés,

mé saktésisht né vendmostrimin M91 (Zvecan-Mitrovivé), M90 (Kushtové-Mitrovicé), M92

(Karagé-Vushtérri).

Tabela 6. Parametrat statistikor themeloré té matjeve, né (n=99) mostrat e mjaltés. Vlerta e Al, Ba, Ca,
Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, Sr, Ti dhe Zn jané shprehur né mg/kg; Ag, As, Cd, Co, Hg, Li, Mo,
Sb, Se, Sn dhe TI né pg/kg.

Njésia. X X(BC) Md Min Max P10 P90 S Cv SX MAD A E A(BC) E(BC)
Ag po/kg 18 6.1 5.5 2.0 540 2.7 29 57 319 5.8 14 8.20 7412 0.13 -0.55
Al mgkg 7.4 2.6 25 0.17 90 0.44 17 15 203 15 6.2 3.88 15.97 0.00 0.04
As ug/kg 6.8 6.0 58 211 25 3.8 11 33 49 034 23 229 897 -0.01 0.39
Ba mg/kg 2.9 2.9 28 0.094 65 1.3 44 12 42 012 098 0.01 -005 -0.09 -0.06
Ca mg/kg 110 100 99 52 330 75 140 35 32 35 23 297 1685 -0.05 1.19
Cd ug/kg 23 17 16 0.98 270 10 35 29 127 29 12 6.74 5568 0.14 4.30
Co puglkg 33 16 12 4.2 240 5.3 85 38 115 3.9 26 229 8.16 0.14 -1.56
Cr mg/kg 038 025 021 0069 21 010 083 034 90 0034 025 183 4.96 0.09 -1.28
Cu mg/kg 20 1.8 19 052 95 1.1 28 11 53 011 062 4.09 2681 -0.03 1.85
Fe mg/kg 4.6 4.0 4.0 057 15 1.9 83 27 59 0.27 19 161 313 0.01 0.58
Hg pg/kg 15 14 14 9.6 25 11 19 33 22 033 26 069 -0.07 0.04 -0.82
K mg/kg 970 840 900 120.0 2800 310 1900 590 61 59 460 098 057 -0.03 -057
Li no/kg 220 100 100 105 2500 28 450 380 169 38 170 378 16.41 0.02 -0.24
Mg mg/kg 65 60 59 17 180 40 97 26 40 2.6 18 192 548 -0.03 1.89
Mn mg/kg 24 1.9 19 015 80 081 49 18 75 0.18 13 140 160 -0.00 -0.06
Mo pug/kg 10 8.2 8.2 3.1 57 4.5 17 71 71 072 39 379 2038 -0.01 0.19
Na mg/kg 56 55 57 10.0 130 17 83 24 43 2.4 18 0.16 0.34 -0.05 0.15
Ni mg/kg 032 026 025 0024 12 012 068 023 72 0.023 016 163 2096 0.01 0.30
P mg/kg 75 67 71 18 190 26 140 40 54 4.1 32 0.76 -0.12 -0.03 -0.72
Pb mg/kg 020 013 013 0.050 21 0.089 0.38 025 126 0.026 0.098 5.16 3299 -0.03 1.50
Sb  pg/kg 4.5 4.2 4.2 2.8 12 3.2 60 15 33 015 092 294 1264 -0.01 0.08
Se ug/kg 80 73 75 55 240 30 140 45 57 4.6 36 0.78 065 -0.04 -0.20
Sn  pug/kg 16 13 13 8.6 95 10 20 11 72 1.1 48 494 29.12 0.17 -0.56
Sr mg/kg 071 066 066 033 26 043 098 028 39 0.028 017 336 19.05 -0.04 0.61
Ti mgkg 1.0 097 098 061 20 074 13 023 23 0.023 018 115 237 0.01 -0.20
TI pa/kg 3.2 1.2 1.0 052 51 077 50 74 231 074 24 533 3006 0.33 -1.15
Zn mg/kg 2.8 2.2 21 075 14 1.2 52 21 73 021 13 252 911 0.03 -0.38

X mesatarja, Xgc mesatarja (Box-Cox), Md mediana, Min minimumi, Max maximumi, P,y 10 percentile, Pgy 90

percentile, S devijimi standard, Sy devijimi srandard (standard error), CV koeficienti i variacionit, MAD devijimi
absulut i medianes, A skewness, E kurtosis, Agc skewness (Box-Cox), Eg¢ kurtosis (Box-Cox).
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Nivelet e pérgendrimit té elementeve né mjalté, té paragitura nga ky hulumtimi ishin té
krahasueshme me rezulatet e publikuara nga vendet té ndryshme té botés. Né tabelén 7 jané
paragitur rezultatet nga ky humlumtim krahas rezultateve té botuara nga Malin e Zi [184], Serbia
[185], Magedonia e Veriut [186] dhe Shqipéria [14].

Nivelet e pérgendrimit t& As né Kosové jané mé té larta krahasuar me rezultatet e autoréve nga
Serbia [185]. Pérgendrimet e bariumit nga ky hulumtim jané rreth 10 heré mé té larta se
pérgendrimi i Bariumit né Malin e Zi [184]. Kalciumi, bakri dhe magnezi tregojné vlera mé té
larta té pérgendrimit krahasuar mé rezultatet nga té gjitha vendet e lartécekura (krahasuara).
Ndérsa, pérgendrimi i hekurit éshté me i larté né krahasim me Serbiné dhe Magedonin e Veriut,
por né krahasim me Malin e Zi dhe Shqipérin tregohen vlera me té uléta té pérgendrimt. Kaliumi
gjithashtu paraget vlera me té ulta té pérgendrimit né krahasim me té gjitha vendet e krahasuara,
me pérjashtim té Serbisé, ku Kosova tregon vlera me té larta té pérgendrimit. Pérgendrimi
mesatar i natriumit kishte vlera mé té larta krahasuar me Malin e Zi, Serbiné dhe Magedonin e
Veriut, ndérsa kishte vlera me té ulta né krahasim me Shqipériné. Pérgendrimet e Zinkut ishin né
té njéjtin nivel me rezultatet e botuara né Shqipériné, kurse me té ulta né krahasim me rezulatete
e botuara né Serbi dhe Magedonin e Veriut.

Sa u pérket vlerave té kobaltit dhe nikelit, nivelet e pérgendrimit nga ky hulumtim jané mé té
larta né krahasim me Serbing, ndérsa vendet tjera t¢ marra pér krahasim nuk kané vlera té
raportura (Tabela 7). Poashtu, stronciumi tregon nivel mé té larté té pérgendrimit né krahasim me
Malin e Zi. Kobalti nga ky hulumtim, né pérgjithési shfagé vlera té njéjta té pérgendrimit né
krahasim me Malin e Zi dhe Shqipériné, ndérsa né krahasim me Serbiné dhe Magedonin e Veriut
tregoné vlera mé té larta. Kromi dhe mangani gjithashtu treguan vlera mé té larta té pérgendrimit
né krahasim me Serbiné, kurse kromi né krahasim me Malin e Zi kishte nivel mé té ulét té
pérgendrimit. Mangani kishte nivel mé té ulét té pérgendrimit né krahasim me Magedonin e
Veriut dhe Shqipériné.

Vlerat mesatare pér pérgendrimin e Plumbit nga ky hulumtim jané rreth 25 heré mé té larta né
krahasim me Malin e Zi dhe rreth 32 heré me té larta né krahasim me Serbiné, kurse Shqipéria

shfaqé vlera mesatare rreth 2 heré mé té larta né krahasim me rezultatet tona.
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Tabela 7. Krahasimi i rezultateve té mjaltés né (mg/kg), té marra nga hulumtimi aktual, me katér shtete

té ndryshme.

Kosova, 2019

Mali i Zi, 2020 [184]

Serbia, 2010 [185]

Magedonia e Veriut,

Shqipéria, 2012 [14]

2007 [186]
n=99 n=24 n=32 n=123 n=6
Mean  Median Range Mean Range Mean Range Mean Range Mean Range

Al 7.4 2.5 0.17-90 - - - - - - - -

As 00068 00058 00021-0.025 - : 000168 000l : i i :

' ' ' ' ' 0.0054

Ba 2.9 2.8 0.094-6.5 0.29 ND-1.44 - - - - - -

Ca 110 99 52-330 93.25  48.88-152  107.8  17.47-173.4 51 4.1-170 - -

Cd 0023 0016 0.00098-0.270  0.02 ND-0.08  0.00265 g'ggégl 0.01  0.001-0.27 0.028 0.025-0.031
Co 0.033 0.012  0.0042-0.240 - - 0.0155  0.004-0.078 - - - -

Cr 038 0.21 0.069-2.1 0.44 0.10-1.13  0.00528 0.02-0.0207 - - - -

Cu 2 1.9 0.52-9.5 0.64 0.31-0.98  0.1939 0'83%?;5' 1.4 0.023-59 137 0.185-3.546
Fe 4.6 4 0.57-15 10.14  3.95-1593  1.98 0.57-7.02 1.9 0.028-7.0  9.944 1.33-34.091
K 970 900 120-2800  1617.92 257&;3:9)3 9439  334.1-2263 1205  169-3323 1393  518-1824
Mg 65 59 17-180 50.5 27%%23 28.71  6.07-48.79 30 4.4-182 - -

Mn 24 1.9 0.15-8.0 - - 0.78 0.16-4.94 7.2 0.16-82  3.448  0.85-8.67
Na 56 57 10.0-130 47.57 %43'%2' 15.3 2.46-92.73 33 5.9-150 116 38-361

. 0.0503-

Ni 032 0.25 0.024-1.2 - - 0.1296 0.3875 - - - -

P 75 71 18-190 - - - - - - - -

Pb 0.2 0.13 0.050-2.1 0.05 ND-0.21  0.0064 8'88% - - 0.449  0.145-0.855
Sr 0.71 0.66 0.33-2.6 0.03 ND-0.12 - - - - - -

Zn 2.8 2.1 0.75-14 - 49-2495 3.43 0.62-19.17 3.3 0.31-15  2.767  1.12-6.25

Sa u pérket elementeve potencialishté toksiké dhe limiteve té lejuara pér kéto elemente né

ushgim (vecanérisht mjalté apo polen), Kosova nuk posedon standarde kombétare. Por, sipas
Food and Agricultural Organisation and World Health Organisation (FAO/WHO) Codex
Alimentarius CXS 193-1995 [182,187], dhe EU-Commission Regulation No 1881/2006
[183,188] pérgendrimet maksimale té lejuara né ushgim pér elementet As, Hg, Cd dhe Pb, jané té

ndryshme pér ushgime té ndryshme. Pér As, pérgendrimi maksimal i lejuar né ushgime varion

nga 0.1-0.5 mg/kg; pér Hg vlerat maksimale té pérgendrimit jané 0.005-0.5 mg/kg; pér Cd,

diapazoni i lejuar i pérgendrimit éshté 0,003-2 mg/kg; dhe pér Pb, éshté 0.03-0.4 mg/kg.

Vlera mesatare té pérgendrimit nga ky hulumtim pér As, Hg, Cd, dhe Pb ishin nén limitin e

lejuar sipas FAO/WHO. Magjithaté, pérgendrimet e Cd dhe Pb né disa mostra tejkalojné
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maksimalet e lejuara (0.05 mg/kg dhe 0.4 mg/kg). Pér Cd vlera maksimale e lejuar ishte tejkaluar
né mostrat nr. 65 (0.268), 4 (0.0769), 82 (0.077), 56 (0.0756), 55 (0.0574), 11 (0.0535). Ndérsa
pér Pb nivelet maksimale té lejuar ishin tejkaluar né mostrat nr. 91 (2.097), 86 (1.138), 90
(0.784), 88 (0.703), 66 (0.649), 87 (0.6455).

3.1.2. Analiza e korrelacionit

Pér té dalluar origjinén gjeogjene apo antropogjene té elementeve té ndryshme né mostrat
e mjaltit, u studiua shkalla e asociacionit té 27 elementeve kimike né 99 mostrat e mjaltit me ané
té koeficientit té korrelacionit Pearson (r), analizes grupore (Claster analysis) té elementeve dhe
analizés faktoriale. Rezultatet e pérfituara me ané té analizés se korrelacionit, ndértuan njé

matricé e cila jepet né tabelén 8.

Eshté supozuar se vlera absolute e r prej 0.50 deri 0.75 tregon asociacion té miré, kurse
ajo midis 0.70 dhe 1.0 tregon asociacion té forté ndérmjet elementeve [189]. Né pérgjithési
vérehet se pjesa mé e madhe e vlerave té koeficientéve té korrelacionit (R*>0.5) karakterizohen

me vlera té sinjfikancés p < 0.05.

62



Tabela 8. Matrica e koeficientve té korrelacionit Pearson (r) mes pérmbajtjés sé elementeve né mjaltin e Kosovés (n = 99, 27 elementet me

shpérndarje natyrore dhe antropogjene)

Ag 1.00

Al 0.57 1.00

As 0.22 0.20 1.00

Ba 031 0.26 0.45 1.00

Ca 0.25 0.34 0.33 0.40 1.00

Cd 0.04 0.09 0.02 -0.10 -0.09 1.00

Co -0.10 -0.07 -0.06 0.27 -0.05 0.08 1.00

Cr 0.00 -0.11 0.42 0.15 0.04 0.01 -0.25 1.00

Cu 0.23 0.20 0.58 0.31 0.28 0.02 -0.03 0.30 1.00

Fe 0.12 0.40 0.24 0.11 0.17 -0.06 -0.01 -0.06 0.18 1.00

Hg 0.13 -0.00 -0.29 0.05 -0.15 0.07 0.62 -0.37 -0.07 0.04 1.00

K -0.02 0.26 0.48 0.18 0.32 0.05 0.01 0.08 0.36 0.50 -0.05 1.00

Li 0.45 0.62 -0.05 0.14 0.25 -0.01 -0.07 -0.15 -0.00 0.09 0.06 -0.12 1.00

Mg 0.13 0.29 0.35 0.26 0.61 0.01 -0.00 -0.04 0.25 0.46 0.01 0.72 0.13 1.00

Mn 0.03 0.19 0.54 0.47 0.38 0.03 0.15 0.10 0.36 0.35 -0.07 0.79 -0.06 0.65 1.00

Mo 0.06 0.25 0.17 0.00 0.06 0.08 0.03 -0.08 -0.00 0.47 0.07 0.24 0.08 0.29 0.05 1.00

Na 0.26 0.14 0.34 0.73 0.59 -0.11 0.21 0.08 0.21 -0.01 -0.04 0.03 0.02 0.16 0.29 -0.05 1.00

Ni -0.06 -0.12 0.29 0.37 0.09 -0.03 0.28 0.01 0.16 -0.14 0.11 0.19 -0.09 0.09 0.31 0.15 0.33 1.00

P 0.01 0.29 0.46 0.35 0.34 0.02 0.11 0.02 0.37 0.42 -0.05 0.71 -0.05 0.54 0.62 0.26 0.39 0.38 1.00

Pb 0.12 0.09 -0.21 -0.15 -0.14 0.37 0.13 -0.09 -0.03 0.12 0.47 -0.07 0.19 0.08 -0.09 0.15 -0.30 -0.18 -0.26 1.00

Sbh 0.36 0.24 0.07 -0.04 0.10 0.16 0.03 -0.12 0.04 0.27 0.34 0.04 0.24 0.19 -0.03 0.46 -0.12 -0.02 -0.16 0.51 1.00

Se 0.02 -0.00 -0.32 -0.21 0.05 0.08 0.22 -0.36 -0.15 0.05 0.48 -0.04 0.22 0.14 -0.10 0.14 -0.23 0.11 -0.17 0.32 0.40 1.00

Sn 0.29 0.03 0.29 0.34 0.27 0.15 0.22 011 0.25 -0.03 0.17 0.04 0.04 0.10 0.19 0.13 0.35 0.19 0.03 0.05 0.33 0.09 1.00

Sr 0.22 0.28 0.18 0.24 0.85 -0.10 -0.04 -0.11 0.11 0.29 0.01 0.24 0.29 0.66 0.28 0.21 0.34 -0.01 0.18 0.05 0.27 0.31 0.22 1.00

Ti 0.08 0.09 0.20 -0.08 0.15 -0.01 -0.20 0.06 0.19 0.33 0.05 0.29 0.22 0.37 0.07 0.36 -0.21 -0.06 0.01 0.20 0.40 0.27 0.05 0.30 1.00

Tl 0.05 0.11 0.12 -0.16 -0.01 0.12 -0.16 -0.14 0.08 0.27 0.07 0.32 0.01 0.29 0.12 0.38 -0.30 0.10 0.13 0.24 0.32 0.24 0.06 0.14 0.40 1.00

Zn 0.15 0.27 0.01 0.08 0.24 0.23 0.02 -0.18 0.23 0.03 0.15 -0.05 0.23 0.05 0.04 0.12 0.12 0.15 0.00 0.20 0.30 0.19 0.29 0.23 -0.04 0.05 1.00
Ag Al As Ba Ca Cd Co Cr Cu Fe Hg K Li Mg Mn Mo Na Ni P Pb Sb Se Sn Sr Ti Tl Zn
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Nga Tabela 8, shihet gé Ag ka korrelacion té larté (0.57) me Al, cka tregon se ka origjiné
litogjene, sepse alumini éshté ndér elementet mé té pérhapura né korén e tokés [190]. Ndérsa me
elementet tjera ka korrelacion mé té dobet se 0.5, gé do té thoté se ky element nuk mund té kété
origjine té pérzier. Al tregon koeficient té forté té korrelacionit (0.62) me Li si element tipik
litogjen, me cka tregon origjinen litogjene/gjeogjene té tij. Poashtu, As shfagé koeficient té€ miré
té korrelacionit me Cu (0.58) dhe Mn (0.54), ndérsa Ba tregon korrelacion té forté (0.73) me Na,
kurse Ca ka korrelacion té larté me Sr (0.85), Mg (0.61) dhe Na (0.59). Koeficientet e
korrelacioni pér As, Ba dhe Ca tregojné origjinen e tyre gjeogjene. Co tregon korrelacion té miré
(0.62) me Hg, kjo tregon se origjina e tij mund té jeté gjeogjene dhe antropogjene. Fe tregon
koeficient té korrecalon (0.5) me K, kurse K, Mg, dhe Mn tregojne korrelime té mira me Mg, P
dhe Sr, gé do té thoté se origjina e kétyre elementeve éshté gjithashtu litogjene/gjeogjene.
Koeficient té miré té korrelacionit (0.51) kishte Pb me Sb, gjé qé tregon origjinén antropogjene
té tyre. Origjina antropogjene kryesisht lidhet me aktivitete minerare té kompleksit metalurgjik

Trepca, gjithashtu né pjesé té vogél ndikohet nga djegiet e brendshme té makinave.

3.1.3. Analiza né grupe e elementeve (Claster Analysis)

Mé pérpunim stastisikor sipas metodés sé Ward-it, bazuar né pérgindjen e
D(link)/D(max) jané krijuar grupet e elementeve sipas ngjajshmérisé sé tyre né vendmostrimet e
mijaltit, dhe éshté paragitur dendrogrami i distancave (Figura 14). Nga dendrogrami i distancave
vérehen tre grupe té elementeve me origjiné té pérzier, grupi paré (Mo, Ti, TI, Pb, Sb, Se) i cili
kryesisht éshté me origjiné antropogjene, ndérsa grupi i dyté (As, K, Mn, Mg, P) dhe i treté (Ag,
Al, Li) jané mé origjiné gjeogjene, me pérjashtim té As i cili mund té jeté edhe me origjiné

antropogjene.
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Figura 14. Dendrogrami i shpérndarjes sé elementeve né mostrat e mjaltit

3.1.4. Analiza faktoriale
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Pér té identifikuar dhe interpretuar mé garté asociacionet e elementeve ishte kryer edhe

analiza faktoriale. Pér analizé jané marré rezultatet pas normalizimit me metodén Box-Cox nga

matrica e koeficienteve té korrelacionit Pearson, dhe si rezultat u identifikuan vetém 3 faktoré

kryesoré. Kriteri kryesor né pérzgjedhjen e numrit té faktoréve dhe ngarkimit té variablave ishte

gé vlera Eingene té jeté mé e madhe se 1 (E > 1) pas rrotullimit varimax. Rezultatet e analizés

faktoriale jané dhéné né tabelén 9, nga e cila vértetohet se jané zbuluar asociacionet identike me

grupet e gjetura nga Claster analysis.

Tabela 9. Matrica e ngarkimeve (vlerave) té faktoréve dominant (analizés faktoriale) té rrotollimit.

Elementet F1 F2 F3 Comm
K 0.90 0.19 -0.07 85.7
Mn 0.85 -0.02 0.00 72.7
P 0.84 -0.11 0.03 71.6
Mg 0.74 0.35 0.12 68.8
As 0.69 -0.08 0.15 50.8
Sb -0.07 0.74 0.33 66.3
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Ti 0.20 0.67 0.05 51.7

T 0.25 0.65 -0.09 52.2
Se -0.23 0.64 0.01 52.2
Pb -0.25 0.61 0.14 51.8
Mo 0.26 0.61 0.09 40.3
Al 0.28 0.08 0.83 78.1
Ag 0.04 0.05 0.82 67.7
Li -0.10 0.17 0.80 67.6
Expl.Var 3.66 2.75 2.19

EigenVal 3.93 2.86 1.80

Prp.Totl 26.1 19.6 15.7 61.4

F1, F2, F3 — Factori i ngarkimit; Var — Varianca (%); Com — Communality (%); Prp.Tol — total amount of the
explained system variance; Expl.var — particular component variance; Eigen Value — vlera Eigene.

Faktori 1 (K, Mn, P, Mg, As); éshté faktori mé i forté dhe pérmban 26.1 % nga
variabiliteti total 61.4 %. F1 pérbéhet kryeisht nga elementet me preardhje tipike litogjene.
Prezenca e elementeve K, Mn, Mg dhe P né kété grup lidhet me marrjen normale té mineraleve
nga rrénjet e biméve. Nga ana tjetér, elementét si K dhe P mund té vijné edhe nga aktiviteti
bujgésor apo plehérimi. Mangani edhe pse éshté element i zakonshém né korén e tokeés, niveli i
pérgendrimit té tij ndikohet edhe nga faktori antropogjen gé lidhet me vegjetacionin, ujérat
industrial, industrit e aliazheve dhe motorat me djegie té brendshme, hargjimi i pjeséve té vjetra
té makinave, etj. Pastaj népérmjet proceseve natyrore si¢ jané erozioni dhe era béjn gé kéto

elemente té futen né ciklin e bimés dhe té kalojn deri tek nektari té cilén e merr bleta pér ushgim.

Niveli i larté i pérmbajtjés sé kétyre elementeve, ishte gjetur né pjesén Jug-lindore té& Kosovés,
duke vazhduar késhtu kah pjesa géndrore deri né até peréndimore té vendit. Kjo pjesé pérfshiné
rrafshin e Kosovés dhe até té Dukagjinit, gé njihet pér zhvillim té hovshem té bujgésisé. Poashtu,
karakterizohet me vegjetacion té zhvilluar miré, pérfshiré até barishtor dhe drunor. Vlerat
standarde sipas regjioneve, tregojné se regjioni i Gjilanit dhe Pejés paragesin vlera maksimale,
ndérsa formacionet gjeologjike né kéto regjione paragesin vlera standarde mé té larta né
shkémbinjét magmatik té kohés sé Neo-paleogjenit, klastitet dhe flishi gélgeror i epokés
Mesozoike. Pérbérja e kétyre llojeve té shkémbinjéve tregon origjinen e njé pjesé té

konsiderushme té elementeve gé i pérmban faktori 1 (Figura 15).
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Figura 15. Shpérndarja hapésinore e faktorit F1 dhe shpérndarja sipas regjioneve dhe formacioneve
gjeologjike

Faktori 2 pérbéhet nga Mo, Ti, Tl, Pb, Sb dhe Se, é&shté faktori i dyté pér nga fortésia dhe
pérmban 19.6 % té variabilitetit total 61.4%. Né mostrat e mjaltit faktori F2 ishte kryesisht me
origjiné antropogjene dhe ka njé shpérndarje né pjesé té ndryshme té vendit. Pérmbajtja e F2
lidhet me aktivitetetet industriale gqé zhvillohen népér ato lokalitete. Si¢ shihet nga figura 16,
pjesa veriore e Kosoveés, saktésisht regjioni i Mitrovicés tregon vlertat mé té larta té pérgendrimit
né nivel vendi. Vlerat standarde sillen rreth 90 % né lokalitetet gé konsiderohen si vendburime té
ndotjes, kurse me rritjen e distancés ulet niveli dhe ndikimi i elementeve antropogjene. Kjo
ndotje i atribohet pluhurit apo grimcat gé vijné nga kompleksi metalurgjik Trepca (shkritorja,
flotacioni dhe fabrika e akumulatoréve, etj) né Mitrovicé, si dhe deponit e hirit né Stanterg.
Megenése, pérmbajtja e F2 ishte gjetur edhe né lokalitete té ndryshme pérve¢ gqé ndikohen nga
aktivitete industriale, kjo pérmbajtje lidhet edhe me trafikun rrugor apo motorét me djegie té
brendshme dhe hargjimi i pjeséve té ndryshme té makinave (gomat dhe frénat). Vlerat standarde
té larta jané gjetur né regjionin e Mitrovicés, ndérsa vlera standarde té péraferta shfagen né
regjionin e Gjilanit, Pejés dhe Prishtinés. Sipas formacioneve gjeologjike, vlera standarte mé té
larta gjenden né flishin gélgeror té epokés Mesozoike dhe shkémbinjet metamorfik té kohés
Paleozoike. Vlera mé té uléta standard gjenden né karbonatet dhe shkémbinjet magmatik

Mesozoik, kurse shpérndarje uniforme kishte né formacionet tjera gjeologjike.
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Figura 16. Shpérndarja hapésinore e faktorit F2 dhe shpérndarja sipas regjioneve dhe formacioneve
gjeologjike

Faktori 3 éshté faktori mé i dobét me variabilitet 15.7 % nga variabiliteti total, dhe
pérbéhet vetém nga tre element Ag, Al, Li. Asociacioni i larté i kétyre elementeve né njé grup
éshté treguesi i miré se ky faktor ka origjiné tipike gjeogjene. Vlera té larta té pergéndrimit pér
kéta elementé ishin té pérhapura né pjesén Jug-lindore té vendit mé saktésisht né zonén e
Prizrenit dhe Gjilanit dhe vazhdojné né drejtim té Prishtinés dhe Obiligit. Pérve¢ origjinés
gjeogjene, niveli i larté i pérgendrimt né kéto lokalitete mund té ndikohet sadopak edhe nga
faktori antropogjen. Mé saktésisht né pjesén e Hanit té Elezit dhe Kaganiku (ku supozohet gé
mund té ndokohet nga fabrika e ¢imentos), pastaj shtrihet né Ferizaj ku mund té ndikohet nga
industria, Lipjan miniera e magnezitit Golesh, Shtrime kryesisht nga guréthyesit, dhe vazhdon né
Fushé Kosové dhe Obilig ku ndodhet miniera e linjitit, si dhe termocentralet Kosova A dhe
Kosova B. Pérgendrime té larta jané hasur gjithashtu né regjionin e Prizrenit gé¢ mund té ndikohet
nga fabrika bllokave (tulltorja), Suharekés dhe Malishevé gé mund té ndikohet nga aktivitet
minerare (guréthyesit), kurse Drenas nga fabrika e ferrronikelit. Vlerat standarde sipas
regjioneve shfagin pérgendrime mé té larta né regjionin e Prizrenit dhe Gjilanit, ku deshmohet se
ky grup ka perjadhje gjeologjike, kurse me vlera mé té ulta ndodhet regjioni i Pejés. Ndérsa sipas
formacioneve gjeologjike vlera té larta kané shfaqur klastitet e periudhés Mesozoike dhe Neo-

Paleogjenit, pastaj shkémbinjét alluvial dhe metamorfik Paleozoike (Figura 17).
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gjeologjike

3.2. Poleni

Rezultatet e analizés statistikore deskriptive tregojné pérgéndrimet e 27 elementeve té
analizuar né té gjitha mostrat e polenit (n = 67), (Tabela 10). Pér secilin element jané analizuar
kéta parametra: mesatarja, nesatarja (pas transformimit Box-Cox), mediana, minimumi,
maximumi, 10 percentile, 90 percentile, devijimi standard, devijimi standard (standard error),
koeficienti i variacionit, skewness, kurtosis, skewness (Box-Cox transformed data), kurtosis
(Box-Cox transformed data). Pér té pérmirésuar normalitetin e shpérndarjes té dhénat origjinale
u transformuan me metodén Box-Cox. Vlerat e Ca, K, dhe P jané shpreh né %, pér Ag, As, Cd,
Hg, Sb, Se, Sn dhe Tl né pg/kg, ndérsa elementét Al, Ba, Co, Cr, Cu, Fe, Li, Mg, Mn, Mo, Na,
Ni, Pb, Sr, Ti dhe Zn né mg/kg.

Vlera mé té larta té pérgendrimit mesatar né té gjitha mostrat e polenit jané gjetur té K
(0.40%), P (0.35%), Ca (0.14%) dhe Mg (550 mg/kg). Vlera maksimale e K ishte 0.63 % (P-44),
pér Ca 0.28 % (P-22), P 980 mg/kg (P-31) dhe Mg 0.58 % (P13). Gjithashtu pérgéndrime
maksimale kishin Fe (450mg/kg) né mostrén (P-34), P-15 (246, 67 mg/kg) dhe P-67 (217
mg/kg); Al né katér mostra P-67 (200 mg/kg), P-31 (178.2 mg/kg), P-15 (169.9 mg/kg) dhe P-34
(110.7 mg/kg); Zn né dy mostra P-50 (140 mg/kg) dhe P-15 (57.3 mg/kg); Na né tre mostra P-15
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(95.5 mg/kg), P-1 (91.5 mg/kg) dhe P-5 (87.1 mg/kg); Mn né tre mostra P-26 (55.4 mg/kg), P-36
(44.2 mg/kg) dhe P-15 (41.8 mg/kg); Cu né dy mostra P-15 (16.04) dhe P-16 (14.47 mg/kg).
Vlera mesatare té pérgendrimit treguan: Fe (77 mg/kg), Al (41), Zn (27), Na (45), Mn (16) dhe
Cu (7.1 mg/kg).

Konsiderojmé se pérgendrimi i larté i kétyre elementeve vije nga pérbérja gjeologjike dhe
gjeokimike e tokés, pasigé kéto elemente absorbohen nga sistemi rrénjor i biméve dhe kané
réndési fiziologjike pér zhvillimin e biméve. Gjithashtu ndikim mund té kené edhe llojet e luleve
nga té cilat éshté mbledhur poleni, kushtet klimatike, kushtet mjedisore, pérbérja gjenetike e
llojit té biméve, si dhe proceset bujgésore (pleherimi dhe ndotja e tokave bujgésore)
[110,116,130,136,191,192]. Né& polenin e bletéve disa minerale vijné nga nektari, pasi gé bletét e
lagin polenin e luleve me nektar gjaté grumbullimit dhe bartjes deri né koshere [133,135].

Zinku dhe hekuri si elemente minerale me vlera ushgyese té gjendura né polenin e bletéve
pérdorén si shtesé ushgimore, dhe mund té plotésojné 30% té kérkesés ditore té personave té
rritur pér hekur dhe 15% té kérkesés ditore pér zink [136].

Mikroelementet si: Ni (3.9 mg/kg) > Sr (2.5 mg/kg) > Cr (0.56 mg/kg) > Pb (0.44 mg/kg) >
Mo (0.26 mg/kg) > Co (0.20 mg/kg) treguan vlera mesatare té pérgendrimit mé té larta, né
krahasim me elementet si: Cd (67 pug/kg) > As (36 pg/kg) > Sn (34 pg/kg) > Hg (23 pg/kg) > Sb
(17 pg/kg) > Tl (3.7 pg/kg)(Tabela 1).

Elementet potencialisht toksike (Zn, Cu, Ni, Pb, Cr, Co, Cd dhe As) té analizuara né mostrat
e polenit treguan njé disporporcion té larté té pérgendrimit ndérmjet vete dhe mostrave té
ndryshme. Vlera me té larta té pérgendrimit kishte zinku (139 mg/kg) né mostrén P-76 dhe (57.3
mg/kg) P-20, ndérsa né té gjitha mostrat tjera kishte vlera péraférsisht té njejta (12-38.4 mg/kg).
Bakri tregoj vlera mjaft homogjene (1.90-16.04 mg/kg). Pérgendrimi i larté pér Cr u gjeté né
mostrat P-40 (13.0 mg/kg), P-82 (3.27 mg/kg) dhe P-81 (2.13 mg/kg), ndérsa né mostrat tjera
pérmbajtja varionte nga (0.001 - 1.55 mg/kg). Pb pérgendrimin maksimal e kishte né mostrén P-
56 (6.25 mg/kg) (12.5 heré mé e larté sesa vlera mesatare vendore 0.44 mg/kg), P-58 (1.69
mg/kg), P-57 (1.12 mg/kg), dhe P-10 (1.11 mg/kg), ndérsa né mostrat tjera vlerat silleshin nga
(0.11-1.01 mg/kg). As vlera té larta té pérgendrimit kishte né P-11 (380 pg/kg) dhe P-56 (351
Mg/kg). Cd kishte vlera maksimale né P-82 (330 pg/kg) dhe P-20 (325 pg/kg), ndérsa né mostrat
tjera vlera arrinin nga 10-325 pg/kg.
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Pérgendrimet maksimale té Pb né lokacionet Artané dhe Sverké mund té jené si rezultat i
ndotjes sé mjedisit nga minierat, ndérsa pér lokcionet Koreticé-Drenas, Petrové-Prizren dhe
Ceroviké-Kling, ndikim mund té keté industria dhe trafiku rrugor. Pérgendrimi i larté i As né
polenin e grumbullurar né Artané éshté pasojé e depozitimit té pluhurit nga deponia e minierés sé
Artanés. Ndotja e polenit té bletéve me Cd né lokalitet Cercé dhe Sojevé mund té jeté pasojé e
ndotjes nga aktivitete minerare dhe faktori antropogjen.

Elementet: Tl (0.0037 mg/kg), Sb (0.017 mg/kg) dhe Hg (0.023 mg/kg) ishin me pérgendrim mé
té ulét né té gjithé mostrat e polenit té bletéve né Kosové (Tabela 10).

Vlerat e skewness dhe té kurtosis pér shumicén e elementeve ishin té larta, gjé qé tregon
se shpérndarja e pérgéndrimeve té kétyre elementeve né zonén e hulumtimit nuk éshté normale.
Pér té pérmirésuar normalitetin e shpérndarjes, té dhénat jané transformuar me metodén Box-
Cox. Pas aplikimit té transformimit vlerat e skewness dhe kurtosis jané zvogéluar shumé (tabela
1) dhe té njéjtat jané pérdorur né analizén multivariable.

Sa ju pérket vlerave té P10, Zn paraqget njé vleré té larté 17 mg/kg. Gjithashtu P90 tregon
se 10% e mostrave kané pérgéndrim mé té larté se 34 mg/kg. Kéto vlera tregojné se Zn ndodhet
né pérgéndrime té larta né shumicén e mostrava té analizuara. Gjithashtu né mostra té polenit
edhe Ni paraget vlera té larta té P90 me pérgendrim 6 mg/kg.

Tabela 10. Parametrat statistikor themelor té matjeve, né mostrat e polenit (n=67). Vlerat e Ca, K, dhe P

jané shprehur né %; Al, Ba, Co, Cr, Cu, Fe, Li, Mg, Mn, Mo, Na, Ni, Pb, Sr, Ti dhe Zn né mg/kg; Ag, As,
Cd, Hg, Sb, Se, Sn dhe TI né pg/kg

El. Njésia X X(BC) Md Min Max P10 P90 S SX MAD CV A E A(BC) E(BC)
Ag pglkg 23 15 15 26 180 51 41 30 37 53 132 409 1818 -0.04 0.78
Al mgkg 41 30 31 39 200 11 71 38 46 16 91 259 7.88 000  0.29
As pglkg 36 18 23 098 380 10 5 63 7.7 15 175 460 2270 001  0.67
Ba mgky 68 5.8 60 35 32 39 93 41 050 1.2 60 4.38 24.06 -0.00 0.02
Ca % 014 014  0.13 0039 028 0082 0.19 0043 0005 0025 32 040 118 005  0.93
Cd pglkg 67 46 47 10 330 20 150 64 7.9 23 96 244 684 003  -0.39
Co mghkg 020 018 017 0038 083 0099 030 011 0013 0045 56 3.11 1541 000  2.20
Cr mgkg 056 020 017 0010 13 010 099 1.6 020 0073 292 7.02 5322 -0.11 237
Cu mghkg 7.1 69 66 19 16 50 11 24 030 089 34 140 328 009 272
Fe mgkg 77 62 66 16 430 26 130 62 75 23 80 353 17.20 -0.01  0.47
Hg ugkg 23 21 20 15 110 17 27 12 15 21 53 554 3478 009 017
K % 041 040 040 023 063 029 054 0088 0011 0051 22 040 -008 -0.00 -0.17
Li mgkg 040 027 027 0058 25 008 084 043 0053 012 108 3.05 10.87 001  -0.07
Mg mg/kg 550 530 510 230 980 370 780 160 20 97 29 082 037 -000 0.16
Mn mgkg 16 13 13 44 55 87 27 90 11 31 57 238 667 -006 140
Mo mg/kg 026 018 018 0036 21 0082 038 034 0042 0066 130 4.45 2113 -0.08  1.59
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Na mg/kg 45 41 40 20 96 27 73 17 2.1 6.9 39 107 071 0.01 -0.27
Ni  mg/kg 39 36 36 088 9.8 2.0 60 138 021 11 45 090 1.32 0.01 0.28
P % 035 034 033 015 058 025 047 0.087 0.011 0.057 25 0.73 0.71 0.01 0.85
Pb mg/kg 044 0.25 0.28 011 6.2 0.14 091 078 010 011 176 6.56 48.38 0.17 -0.82
Sb pg/kg 17 14 15 6.3 91 8.6 25 12 14 5.0 68 415 2337 0.01 -0.13
Se  pg/kg 47 44 42 19 88 29 74 17 2.1 9.1 36 085 -0.15 0.01 -0.30
Sn pg/kg 34 30 31 15 120 22 49 17 2.0 7.3 49 293 1206 0.00 0.10
Sr mg/kg 25 21 20 060 13 13 41 1.7 021 0.64 68 3.89 2186 -0.03 1.01
Ti  mg/kg 091 0.83 0.78 036 23 055 15 037 0.045 0.19 41 132 2.06 0.01 -0.11
Tl po/kg 3.7 16 1.4 058 69 1.4 6.1 93 11 1.2 253 6.13 40.61 0.02 1.92
Zn  mglkg 27 24 24 12 140 17 34 16 1.9 5.3 59 569 3981 -0.11 1.17

Rezulatet e kétij hulumtimi jané té krahasueshme me rezulatet e paragitura nga vendet e
ndryshme té Botés [88,109,138,192-196,119,120,124,128,130,133,134,137]. Pérgendrimet
mesatare té makro dhe mikroelementeve sipas linjés nga mé té médhat te mé té voglat ishin: K >
P>Ca>Mg>Fe>Na>Al>Zn>Mn>Cu>Ba>Ni>Sr>Cr>Pb>Co>Cd>As (Tabela
11), qé ishin té krahasueshme me vlerat mesatare té pérgendrimit pér mostrat 2015[133],
2019[197], 2015[109], 2006[192], 1997 [136], 2012 [119], 2016 [134], dhe mostrat 2002 [135].
Pérgendrimet mesatare té elementeve: Al, Cu, Ni, Sr, Pb dhe Co kané vlerat mé té larta krahasuar
me rezultatet e vendeve tjera. Kéto elemente shfagen né pérgendrime té larta kryesisht pér shkak
té pérbérjes gjeokimike té tokés dhe aktiviteteve industriale pérfshiré nxjerrjen dhe pérpunimin e
mineraleve [189]. Pérgéndrimet mesatare t& Ba, Cr dhe Fe ishin né vlera mé té larta krahasuar
mé shumicén e vendeve, me pérjashtim té Brazilit qé pér Ba, Cr dhe Fe Kkishte vlera mé té larta
krahasuar me rezultatet tona. Me pérjashtim té Spanjés dhe New South Wales K dhe Na
paragesin vlera mé té larta krahasuar me vendet tjera (Tabela 11). Mg dhe Mn ishin né vlera me
té uléta té pérgendrimit krahasuar me Turgin, Serbin, Lithuanin, Romanin, Brazilin dhe Neé
South Wales, P kishte vlera mé té uléta né krahasim mé Lithuanin, Brazilin dhe New South
Wales, ndérsa Ca né krahasim me Serbin, Lithuanain dhe Romanin. Vlerat mesatare pér Zn dhe
Cu ishin me té uléta krahasuar me Turgin, Spanjen, Romanin, Brazilin, Serbin dhe New South
Wales, por kishin vlera mé té larta krahasuar me Lituanin. As ishte né vlera mé té larta té
pérgéndrimit krahasuar me shumicén e vendeve duke pérjashtuar Turgin dhe Polonin. Vlera me
té uléta (péraferta) t¢€ Cd né mostrat e polenit té bleteve kishte Kosova, Turgia, Serbia dhe
Brazili, krahasuar me Lituani dhe Romani.

K, P, Ca dhe Mg ishin elementet me vlerat mé té larta té pérgendrimeve, ndérsa elementi mineral
mé i zakonshém né polen raportohet té jeté K (60 %), ndjekur nga Mg (20%), Na dhe Ca (10%)
[114,124,198].
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Krahasuar me standartin e Polonise [119,194], nga 67 mostra té polenit té bletéve té
analizuara, Cr tejkalon kufirin e lejuar (0.14 mg/kg) né 34 mostra; Cd (0.05 mg/kg) né 30; Pb
(0.5 mg/kg) né 11, kurse As (0.2 mg/kg) né 2 mostra.

Tabela 11. Krahasimi i rezultateve té polenit (mg/kg) nga hulumtimi aktual, me teté vende té ndryshme.

New
Turgia, Serbia, Lithuania Romania Spania, Polonia Brazil, South
Kosova, 2019 2017 2011 ; . 1997 . 2016 Wales
[109] [133] 2019 [197] 2006 [38] [136] 2012 [13] [29] 2002
[30]
n=67 n=24 n=25 n=7 n=10 n=20 n=25 n=5 n=50
Mean Median Range Mean Mean Mean Range Mean Mean Mean Mean
Al 41 31 3.9-200 - 38.6 - - - - - -
As 0.036 0.023  0.001-0.382 0.391 - ND - - 0.29 - -
Ba 6.8 6 3.5-32 - 1.22 0.91 - - - 7.44 -
Ca 1375 1345 389-2764 962.435 1425 1674 1165-2336 491.3 - 689 1146
Cd 0.067 0.047  0.010-0.329 0.069 0.067 0.11 0.0-0.1 - 0.033 0.091 -
Co 0.2 0.17 0.038-0.83 - 0.047 0.035 0.0-0.01 - - - -
Cr 0.56 0.17 0.010-13 0.793 0.26 - - - 0.23 10 -
Cu 7.1 6.6 1.9-16 10.418 7.8 15 6.0-13.8 8.7 - 8.7 12
Fe 77 66 16-430 203.165 70.1 56.5 35-94 39.2 - 134 67
K 4065 4026 2274-6299  1945.87 3391 3131 3991-5220 4153 - - 5530
Mg 550 510 230-980 669.7 749 778 702-965 432.2 - - 716
Mn 16 13 4.4-55 29.33 21.33 30 17-121 11.1 - 40 33
Na 45 40 20-96 - 21.6 38.3 7-341 1301 - - 82
Ni 3.9 3.6 0.88-9.8 0.51 0.76 ND 0.3-1.9 - - - -
P 3455 3319 1462-5815 2659.7 - 3976 - 581.6 - 4800 4600
Pb 0.44 0.28 0.11-6.25 0.193 - 0.278 0.01-0.40 - 0.147 0.15 -
Sr 25 2 0.60-13 - 1.38 1.9 - - - - -
Zn 27 24 12-140 29.15 23.7 25 33-53 33.9 - 35 58

3.2.1. Analiza e Korrelacionit

Shkalla e asociacionit té 27 elementeve kimike né 67 mostrat e polenit té bletéve éshté
vlerésuar me ané té koeficientit linear té korrelacionit Pearson (r), ku u ndértua njé matricé e
koeficientéve té korrelacionit (Tabela 12). Eshté supozuar se vlera absolute e r prej 0.50 deri
0.75 tregon korrelacion té& miré, kurse ajo midis 0.70 dhe 1.0 tregon korrelacion té forté ndérmjet
elementeve [199][200]. Pjesa mé e madhe e vlerave té koeficientéve té korrelacionit, ishin
ndérmjet 0.50 dhe 0.84. Nga kéto asociacione, korrelacione té forta pozitive u treguan kryesisht

ndérmjet elementeve me origjiné gjeogjene. Asociacioni mé i forté ishte ndérmjet Fe dhe Al me
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vleré rreth 0.84, ndjekur nga asociacioni P dhe Mg (0.77) qgé kishin origjiné te njejté
(litogjene/gjeogjene) té kétyre elementeve né polen. Origjinen e pérzier gjeogjene dhe
antropogjene té elementeve né mostrat e polenit e tregojné 31 asociacione mé vleré 0.5 deri 0.70

dhe gjashté asociacione qé Kishin vlera mbi 0.70 (Tabela 12).
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Ag
Al
As
Ba

Ca

Li

Ni

Pb
Sb

Sn
Sr
Ti
TI

Zn

Tabela 12. Matrica e koeficientve té korrelacionit Pearson (r) mes pérmbajtjés sé elementeve né polenin e Kosovés (n = 67, 27 elementet me

shpérndarje natyrore dhe antropogjene)

1.00

0.31 1.00

0.25 0.61 1.00

0.08 0.30 0.38 1.00

018 052 051  0.14 1.00
-0.04 0.27 0.34 0.31 0.23 1.00

0.03 045 060 026 055 041 1.00
-0.26 0.16 0.25 0.20 0.21 0.39 0.45 1.00

0.29 0.27 0.35 0.14 0.48 0.29 0.34 0.17 1.00

028 084 070 030 059 028 050 026 036  1.00

0.21 031  -0.08 -0.10 0.16 006 -0.00 -0.08 0.19 0.29 1.00

0.22 0.05 012 -001 -0.04 0.09 0.09 0.12  -0.00 006 -0.11 1.00

0.40 0.51 0.20 0.13 0.38 0.21 0.08 -0.31 0.40 0.36 0.40 -0.09 1.00

0.22 0.17 030 -0.12 0.23 0.04 0.29 0.07 0.16 027  -0.04 0.69  -0.00 1.00

0.12 0.28 0.28 0.18 0.08 0.49 0.30 0.34 0.06 0.29 -0.12 0.54 -0.05 0.50 1.00
-0.09 0.16 0.13  -0.01 0.08 0.17 0.22 0.33 0.24 0.25 0.24 0.16  -0.08 0.28 0.12 1.00

0.17 0.45 0.33 0.38 0.40 0.09 0.41 0.21 0.42 0.46 0.25 0.03 0.13 0.13 0.10 0.29 1.00
-0.14 0.30 0.50 0.25 0.58 0.34 0.69 0.46 0.37 0.38 -0.14 -0.09 0.11 0.09 0.04 -0.02 0.25 1.00

0.34 0.19 0.26 -0.08 0.44 0.12 0.24 0.02 0.48 0.31 -0.01 0.55 0.15 0.77 0.48 0.25 0.20 0.06 1.00

0.24 0.42 0.41 0.16 0.38 0.22 0.26 -0.08 0.25 0.44 0.29 -0.17 0.58 -0.06 -0.07 -0.13 0.05 0.26 -0.02 1.00

0.16 0.48 0.62 0.23 0.34 0.19 0.32 0.29 0.21 0.58 0.04 -0.01 0.07 0.05 0.12 0.10 0.24 0.31 0.02 0.59 1.00

0.14 0.00 0.29 0.09 0.01 0.15 0.52 0.36 0.17 0.07 -0.24 0.20 -0.38 0.20 0.20 0.21 0.20 0.27 0.20 -0.35 0.03 1.00
-0.01 0.21 0.37 0.23 0.14 0.28 0.43 0.30 0.26 0.35 0.11 -0.07 0.08 -0.13 0.08 0.20 0.16 0.33 -0.11 0.47 0.53 0.16 1.00

0.25 0.58 0.41 0.08 0.75 0.13 0.36 -0.05 0.38 0.55 0.25 0.02 0.47 0.28 0.16 0.09 0.36 0.23 0.51 0.19 0.07 0.01 -0.08 1.00

0.34 0.67 0.68 0.25 0.45 0.22 0.61 0.22 0.29 0.72 0.06 0.05 0.13 0.28 0.21 0.37 0.36 0.35 0.34 0.20 0.43 0.50 0.31 0.50 1.00

0.17 0.06 0.17 0.26 0.05 0.05 0.01 -0.11 -0.08 0.02 0.10 0.17 0.08 0.15 -0.11 0.04 -0.03 -0.01 -0.02 0.22 0.20 -0.09 0.04 -0.01 0.05 1.00
0.25 0.16 0.17 0.06 0.35 0.18 0.23 0.01 0.43 0.24 0.08 0.30 0.16 0.52 0.36 0.20 0.21 0.08 0.76 0.08  -0.06 0.19 0.06 0.37 0.29 0.04 1.00

Ag Al As Ba Ca Cd Co Cr Cu Fe Hg K Li Mg Mn Mo Na Ni P Pb Sb Se Sn Sr Ti TI Zn
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3.2.2. Analiza Faktoriale (factor analysis)

Interpretimi i Asociacioneve té elementeve kimike dhe i rezultateve ishte béré pérmes analizés
faktoriale. Jané analizuar 67 mostra dhe 20 elemente kimike, ndérsa elementet kimike Na, Zn,
Se, Ti, Mo, Ba dhe Hg nuk jané pérfshiré né analizén e métejme té analizés pér shkak se ato
kishin pjesmarrje té ulét té asociacionit me elementet tjeré ose tendencé pér té formuar grupe
individuale. Me analizé faktoriale shpérndarja e elementeve éshté zvogéluar né vetém tre
variabla sintetike: F1, F2, F3 (Tabela 13). Kriteret kryesore né pérzgjedhjen e numrit té faktoréve
dhe ngarkimin e variablave ishte gé pas rrotullimit varimax vlera Eingene té jeté mé e madhe se
1(E>1).

Nga variabiliteti total (60.7%) F1 ishte faktori mé i forté, me vleré dominuese té
ngarkimit 5.81 dhe variabilitet 23.7% gé paraget asociacionin me pérgéndrim mé larté t& Al-P-
Fe-K-Ca-Sr-Ag-Mg-Li (Table 13). Ky grup elementésh tregon kryesisht shpérndarje natyrore
[201]. F2 (Sb-As-Pb-TI-Sn-Cd) ishte faktori i dyté pér nga fortésia me variabilitet 19.5 % dhe
vleré Eingene 3.22. Faktori 3 (Co-Ni-Cr-Cu-Mn) nga variabiliteti total ishte mé pak i shprehur
(17.6 %) dhe kishte vleré-Eingene 2.47 % qé tregon sé grupimi i kétyre elementeve né F3 u
pérkasin mineralizimeve (kromite dhe sulfure), gé zakonisht kané origjiné litogjenike (Tabela
13).

Tabela 13. Matrica e ngarkimeve (vlerave) té faktoréve dominant (analizés faktoriale) té rrotollimit.

El. F1 F2 F3 Comm
Al 0.80 0.18 0.12 68.6
P 0.74 -0.24 0.37 73.3
Fe 0.73 0.28 0.22 65.5
K 0.71 0.29 -0.09 59.2
Ca 0.70 -0.08 0.42 67.9
Sr 0.64 -0.19 0.27 52.4
Ag 0.63 0.35 -0.24 57.5
Mg 0.63 0.13 0.16 43.3
Li 0.61 0.25 -0.34 54.7
Sh 0.21 0.87 0.06 80.1
As 0.28 0.81 0.16 75.5
Pb 0.15 0.78 -0.10 64.8
T 0.11 0.70 -0.19 53.7
Sn -0.26 0.61 0.38 58.5
Cd 0.04 0.60 0.50 60.7
Co 0.20 0.07 0.79 67.2
Ni 0.13 -0.04 0.76 59.7
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Cr -0.21 0.14 0.66 50.1

Cu 0.23 -0.29 0.61 51.4
Mn 0.29 0.23 0.61 50.8
Prp.Totl 23.7 19.5 17.6 60.7
EigenVal 5.81 3.22 2.47
Expl.Var 4.73 3.90 3.52

F1, F2, F3 — Factori i ngarkimit; Var — Varianca (%); Com — Communality (%); Prp.Tol — total amount of the
explained system variance; Expl.var — particular component variance; Eigen Value — vlera Eigene.

3.2.2. Analiza grupore (Claster Analysis)

Analiza grupore e elementeve (Cluster Analysis) u aplikua pér té pércaktuar réndésingé e
analizés faktoriale dhe lidhjet e elementeve. Dendrogrami i distancave té koeficientéve té
korrelacionit té elementeve individuale pasqyron elementet e hulumtuara té ndaré né tri grupe té
cilat tregojné ngjashméri me asociacionet e analizés faktoriale (Figura 18). Klasteri i paré (Ag,
Li, Al, Fe, Ca, Sr, K, Mg dhe P), tregon ngjajshméri me Faktorin 1. Elementet nga grupi/klasteri
i dyté pérfshiné Cd, Mn, Cr, Co, Ni dhe Cu i cili éshté i pérshtatéshém/ngjashém me Faktorin 3,
me pérjashtim té Cd gé béné pjesé né faktorin 2 gjithashtu. Grupi/klasteri i treté pérfshiné As, TI,
Pb, Sb, dhe Sn i cili &shté i pérafért me Faktorin 2. Té njéjtat grupe jané identifikuar edhe me ané

té analizés faktoriale.

0 20 40 60 80 100
(Dlink/Dmax)*100

Figura 16. Diagrami i analizés grupore pér elemenetet e analizuara né mostrat e polenit
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Pér paragitje vizuale mé té miré, vlerat standarde té faktoréve gé i grumbullojné elementet jané
paragitur me ané té hartave té shpérndarjes si F1, F2 dhe F3 si dhe éshté dhéné shpérndarja e
kétyre faktoréve sipas regjioneve dhe formacioneve gjeologjike té Kosovés (Figurat 19, 20 dhe
21).

“Faktori 1 (Ag, Li, Al, Fe, Ca, Sr, K, Mg, P)* Ky grup elementésh paraget kryesisht
shpérndarje natyrore né toké (Figura 19). Megjithaté, prania e kétyre elementeve né polen mund
té vije si rezultat i proceseve natyrore, (erozionet e shkémbinjve, erérat) dhe aktivitetet urbane qé
mund té ndikojné né shpérndarjen hapésinore té elementeve. Pérve¢ késaj, vlerat standarde té
Faktorit F1 jané té lidhura ngushté mé gjeologjiné e kétij territori. Poleni si produkt i bimés, kéto
elemente mund t’i marr pérmes sistemit rrénjor nga toka né té cilen rritet bima, gjithashtu njé
sasi e kétyre elementeve mund té vije né polen gjaté depozitimeve atmosferike [189,202]. Vlera
té larta standarde té kétij asociacioni jané gjetur né mostrat e marra né pjesén veriore dhe pjesén
lindore té Kosovés, mé saktésisht né rajonin e Gjilanit dhe té Mitrovicés. Gjithashtu elementet e
kétij asociacioni jané gjetur edhe né pjesé té ndryshme té vendit si né pjesén géndrore té Kosovés
pastaj né pjesén peréndimore té rajonit té Gjakovés, pra né zonat ku kryesisht dominojné

shkémbinjet magmatik, mesozoik dhe aluvionet quaternere.

3.0

1 District
I Geology

25

H
Scale (km)
10

20

Ag-Al-Ca-Fe-K-Li-Mg-P-Sr {st. values)

—
—
I

E © © @ °E N N N N N
o T < g o P2 p
8 2 @ £ 9 = - ada d = = = = 2
= 3 & £ 3 E e 5 5 === 2
o = = o s 32z 8§ 5 8
= g 3 Z 2 8 5 8
E] 4 g = B
= £ ST
] £ &
o T
& o

Magmatic rocks
Metamorfic rocks

Ag-Al-Ca-Fe-K-Li-Mg-P-Sr (st. val.)

Deluvium/Proluy
Magmatic rocks

10 25 40 60 % 90

Figura 17. Shpérndarja hapésinore e faktorit F1 dhe shpérndarja sipas regjioneve dhe formacioneve
gjeologjike
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“Faktori 2 (Sb-As-Pb-TI-Sn-Cd)” éshté kryesisht me perjardhje antropogjene me
pérjashtim té Sb, Tl dhe Sn té cilét mund té kané origjiné té pérzier gjeogjene dhe antropogjene.
Nga variabiliteti total pérfshiné variabilitet prej 19.5 %, kurse vlerat mé té larta standarde té kétij
faktori jané né rajonin e Gjilanit, Pejés dhe Prishtinés. Elementet e kétij grupi, né veganti Pb, Cd
dhe As jané té lidhura ngusht me aktivitetet industrial dhe trafikun rrugor [137,189,193,202,203]
(Figura 20). Vlerat e larta té kétij faktori shtrihen pérgjaté rrafshit t&é Kosovés, (regjioni i
Mitrovicés, Prishtinés dhe Gjilanit) ku gjenden miniera e Trepces (shkritorja, flotacioni dhe
fabrika e akumulatoréve) né Mitrovicé, miniera e linjitit dhe termocentrali pér prodhimin e
energjisé elektrike né Obiliq dhe Fushé Kosové, fabrika e Ferronikelit né Drenas, objekti i
pérpunimit t& mineraleve né Artané, miniera e Magnezitit né Golesh. Vlera standarde mé e larté
e F2 ishte né regjionin e Gjilanit, ku éshté gjetur nivel i larté i As dhe Pb si pasojé e ndotjés sé
ajrit dhe tokés nga minierat dhe shkritorja e Artanés, aktivitetet industriale dhe trafiku rrugoré.
Vlera standarde té larta té faktorit 2 u konstatuan edhe né mostrat e marra né lindje dhe veri té
vendit ku dominoheshin nga shkémbinjé magmatik té periudhave neogjene dhe paleogjene.
Shpérndarje mé uniforme kishte né formacionet tjera gjeologjike té cilat nuk tregojné vlera
standarde té larta [82,189].

“Faktori 3 (Co-Ni-Cr-Cu-Mn)” Ky grup elementesh paraget njé asociacion kryesisht me
origjiné gjeogjenike. Prania e tyre né polen mund lidhet edhe me depozitimin atmosferik té
grimcave té imta PM 10 dhe PM 2.5. Nga variabilitetit total (17.6 %), F3 pérmban pérgendrim té
larté té elementeve Co-Ni-Cr-Cu-Mn (Tabela 13). Vlera té larté té kétyre elementeve u gjeten
né pjesén jug-lindore ndérsa né pjesét tjera té Kosoveés vlerat ishin né mé té uléta, me perjashtim
té rajonit t€ Drenasit ku pérgendrimi i larté vije nga ndotja gé shkakton miniera dhe shkritorja e
Ferronikelit. Bazuar né grafikun e vlerave standarde sipas regjioneve dhe formacionit gjeologjik,
vlera mé té larta standarde paragiten né regjionin e Gjilanit dhe Prishtinés. Cr, Ni, Cu, Mn jané
elemente té zakonshme gé absorbohen nga bimét akumuluese té metaleve té cilat rriten mbi tokat

me shkémbinj ultrabazik, metamorfik, magmatik dhe flishi gélgeror [59,204] (Figura 21).
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Figura 18. Shpérndarja hapésinore e faktorit F2 dhe shpérndarja sipas regjioneve dhe formacioneve
gjeologjike
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Figura 19. Shpérndarja hapésinore e faktorit F3 dhe shpérndarja sipas regjioneve dhe formacioneve
gjeologjike
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3.3. Dheu

Té dhénat pér pérmbajtjen e 20 elementeve té analizuar (Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe,
K, Li, Mg, Mn, Na, Ni, P, Pb, Sr, V dhe Zn) nga 198 mostrat e dheut té marra né dy shtresa (0-5
cm dhe 20 — 30 cm), jané paraqitur né Tabelén 14. Fillimisht vlerat e pérmbajtjes sé elementeve
u pérpunan satistikisht ndarazi pér dy shtresat (0-5 dhe 20-30 cm). Pastaj, jané kryer analizat
krahasuese té vlerave origjinale dhe atyre pas transformimit Box-Cox, dhe me ané té dy
metodave krahasuese statistikore (T-test dhe F-ratio) éshté gjetur nése kishte dallime né
shpérndarjen e elementeve midis vlerave té patransformuara (origjinale) dhe atyre té
tranfsormuara. Poashtu, pér té pércaktuar varésiné midis pérmbajtjés sé elemeneteve té
analizuara né shtresén e sipérme dhe até té poshtme, éshté llogaritur faktori i korrelacionit R
(T/B). Né& anén tjetér, nuk pritet té keté ndonjé ndryshim té theksuar midis elementeve litogjenike
né mostrat e shtresés sé sipérme (0-5 cm) me ato té shtresés sé poshtme (20-30 cm),
pérjashtimisht nése ka ndonjé proces ndérhyrés nga faktori antropogjen ose natyroré [205]. Njé
gjé e tillé mund té vérehet né Tabelén 1, ku pérmbajtja mesatare né pjesén e sipérme TS dhe té
poshtme té tokés SS éshté shumé e ngjashme dhe raporti i pérmbajtjes mesatare éshté mé i ulét
se 1 pér té gjithé elementét. Mégense nuk u konstatua ndonjé dallim shumé i réndésishém né
pérmbajtje dhe shpérndarje té elementeve midis shtresave, pérpunimi statistikor i rezultateve né
vijim i referohet vetém vlerés mesatare té nxjerr nga té dy shtresat (TS dhe SS) pér secilin

element.

Tabela 14. Pérmbajtja mesatare e elementeve né mostrat e shtresés sipérfagésore (TS) dhe néntokésore

(SS)
. Topsoil  Subsoil Topsoil Subsoil FO . F . R .
Unit (E)() (X) (I\F/)Id) Md)  (T/ss) | (esD SO aigy SO0 gy SiON
A % 15 14 14 14 104 037 NS 103 NS 087 =
As  mgkg 19 18 17 17 105 069 NS 222 NS 057 *
Ba  mgkg 270 280 270 200 097 064 NS 106 NS 080 *
cd  mgkg 055  0.79 0.32 052 070 -161 NS 119 NS 029 *
ca % 069 058 0.78 061 120 004 NS 117 NS 093 *
Co  mgkg 12 14 14 15 090 -100 NS 598 NS 075 *
Cr mghkg 110 110 110 110 095 040 NS 124 NS 096 *
Cu  mgkg 34 34 34 34 099 -018 NS 110 NS 088 *
Fe % 22 23 22 23 095 -100 NS 152 NS 087 *
K % 1.0 10 10 10 099 015 NS 114 NS 08 *
Li  mgkg 33 34 34 34 095 -082 NS 108 NS 094 *
Mg % 058 055 0.58 056 106 -007 NS 142 NS 089 *
Mn  mgkg 770 760 810 810 102 -057 NS 293 NS 08 *
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Na
Ni

Pb
Sr

Zn

% 0.38 0.36 0.40 0.37 1.06 0.57 NS 119 NS 0.94
mg/kg 99 100 99 95 0.99 -0.69 NS 215 NS 0.95
mg/kg 570 420 540 410 1.35 1.81 NS 1.00 NS 0.86
mg/kg 24 21 25 19 1.15 1.05 NS 549 NS 0.72
mg/kg 40 37 34 33 1.07 0.30 NS 1.10 NS 0.88
mg/kg 72 78 75 78 0.93 -1.83 NS 1.36 NS 0.84
mg/kg 95 92 92 88 1.04 1.11 NS 443 NS 0.81

¥ % X % 3k X X

*NS — josignifikant; * - signifikant; F — raport; FO — raporti i pérgendrimeve né mostrat sipérfagésore dhe
néntokésore

Statistikat bazé té analizés diskriptive jané paragitur né Tabelén 15, ku pér secilin element jané
llogaritur disa parametra. Vlerat e pérgendrimit pér elementet; Al, Ca, Fe, K, Mg dhe Na jané
shprehur né %, ndérsa As, Ba, Cd, Co, Cr, Cu, Li, Mn, Ni, P, Pb, Sr, V dhe Zn né mg/kg.

Vlera mediane e pérgéndrimit té makroelementeve: Al, Ca, Fe, K, Mg dhe Na, ndjeké
radhén e shpérndarjés: pér Al mediana 1.4 %, kurse minimumi 0.22 dhe maximumi 4.6 %, pér
Ca 0.71 % dhe 0.088 — 15 %, pér Fe 2.2 % dhe 1.1 — 8.4 %; pér K 1.0 % dhe 0.23 — 1.8 %,; pér
Mg 0.56 % dhe 0.066 — 6.2 %, ndérsa pér Na mediana 0.38 % dhe vlerat sillen né intervale nga
0.023 — 1.9%. Pérmbajtja e kétyre makroelementeve éshté kryesisht si rezultat i formacioneve
gjeologjike gé dominojné né até zoné si: sedimenteve klastike, aluviale dhe deluviale kuaternare,
shkémbinjéve karbonat té kohés mesozike, shkembinjéve magmatik e metamorfik té periudhés
mesozike dhe proterozoike dhe flishit gélgeror té mesozikut.

Profili i shpérndarjés sé elementeve (As, Ba, Cd, Co, Cr, Cu, Li, Mn, Ni, P, Pb, Sr, V dhe
Zn) né mostrat e dheut (Tabela 2), bazuar né vleren e medianés ndjek radhén: Mn : 810, P : 500,
Ba: 280, Cr: 110, Ni:95,2Zn:91,V :77,Cu:34,Li:34,Sr:33,Pb:22 As: 17, Co: 14.1,
Cd : 0.39. Burimet e tyre jané té lidhura ngushté me litologjiné e rajonit, dhe dukurité natyrore,
si¢ jané erozionet e shkembinjéve dhe proceset kimike gé zhvillohen né toké. Pérve¢ késaj,
pérgendrimet e kétyre elementeve shpesh jané té ndikuara edhe nga faktori antropogjen.

Tabela 15. Parametrat statistikor themelor té matjeve, né mostrat sipérfagésore (TS) dhe néntokésore

(SS) (n=99+99). Vlerat pér elementet; Al, Ca, Fe, K, Mg dhe Na jané shprehur né %; As, Ba, Cd, Co, Cr,
Cu, Li, Mn, Ni, P, Pb, Sr, V dhe Zn né mg/kg

Unit

N X X(BC) Md Min Max P10 P90 S CcVv SX MAD A E A(BC)

E(BC)

Al

As
Ba
Ca
Cd
Co

%
mg/kg
mg/kg
%
mg/kg
mg/kg

198 16 1.4 1.4 022 46 064 27 0.84 528 0.060 0.64 067 010 -0.05
198 19 17 17 2.0 84 9.9 288 10 54 71 3.5 293 1381 0.04
198 290 280 280 72 660 180 430 100 353 73 59 0.76 083 0.02
198 15 0.63 0.71 0.088 15 0.18 35 2.3 156.1 016 047 352 1490 0.06
198 0.67 0.39 039 010 88 015 14 11 160 0.075 0.18 583 40.26 0.02
198 26 13 141 13 720 53 35 64 2491 46 6.2 829 80.25 -0.08
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Cr
Cu
Fe

Li
Mg

Na
Ni

Pb
Sr

zZn

mg/kg
mg/kg
%

%

mg/kg
%

mg/kg
%

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

198 190 110 110 39 1800 55 400 260 1365 19 45 362 1463 0.12
198 38 34 34 9.7 130 17 60 19 492 13 9.8 167 479 0.00
198 25 2.2 2.2 11 8.4 15 3.2 1.0 411 0.072 042 253 946  -0.03
198 1.0 1.0 1.0 023 138 069 15 030 289 0.021 0.19 -0.08 -0.14 -0.03
198 35 34 34 7.4 110 15 52 15 428 11 9.0 135 567 0.05
198 0.84 0.56 056 0.066 6.2 026 16 098 116.0 0.069 0.22 345 1311 -0.05
198 890 760 810 240 5700 400 1400 560 62.9 40 290 415 30.28 0.00
198 044 037 038 0.023 19 015 083 031 714 0022 0.13 205 560 0.03

198 230 99 95 15 3300 39 420 440 1879 31 53 431 2143 0.02
198 600 490 500 80 5200 260 970 550 913 39 170 6.02 46.70 -0.06
198 92 23 22 10 3600 10 190 300 3280 21 12 9.02 9783 0.27
198 53 39 33 3.4 250 19 110 47 896 34 12 233 556 -0.06
198 78 75 77 36 220 52 110 23 299 17 15 141 650 0.01
198 120 93 91 35 1100 60 170 120 996 85 19 588 4255 -0.08

-0.57
0.03
0.56
-0.18
1.23
1.22
-0.07
0.78
-0.08
1.65
-1.22
1.86
0.70
1.02

Vlerat mediane té pérmbajtjés sé elementeve nga ky hulumtim, jané pérdorur né
analizén krahasuese (Tabela 3) né raport me rezultatet e paragitura nga Kosova [206], Shqipéria
[43], Magedonia [177] dhe Evropa [176]. Vlerat mediane pér pérmbajtjen e Al : 1.4 % éshté mé
e larté se mediana pér mostrat e dheut nga Magedonia, ndérsa pér elementet tjeré Ca : 0.71 %, Fe
0 2.2 %, K: 1.0 %, Mg : 0.56, dhe Na : 0.38 % jané mé té uléta né raport me mostrat e
Magedonisé. Pérmbatja e Al, K dhe Na éshté poashtu mé e ulét né krahasim me té dhénat e
paragituara nga Europa, ndérsa pér makroelementet tjeré Kosova paraget vlera me té larta té
pérgendrimit. Krahasur me rezulatet e paragitura nga mostrat e Kosovés 2011 [206], té gjithé
makroelemetet nga hulumtimi aktual tregojné pérmbajtje mé té larté té pérgendrimit, me
pérjashtim t€ Mg, i cili edhe né mostrat nga Shqipéria tregoné pérgendrime mé té larta né
krahasim me rezultatet tona.

Pérmbajtja e mikroelementeve (As, Ba, Cd, Co, Cr, Cu, Li, Mn, Ni, Pb, Sr, V, dhe
Zn) nga ky hulumtim kryesisht jané mé té larta né krahasim me vlerat e paragitura pér Europen,
me pérjashtim té Pb i cili tregon vlera té njéjta, kurse pér Ba, Cd, dhe Sr nga mostrat tona
paragesin pérgendrime mé té uléta krahasuar me rezultatet e publikuara nga mostrat e Kosovés
2011 dhe vendet fginje Shqipéria dhe Magedonia. Arseni dhe litiumi u gjetén né pérgéndrime mé
té larta né krahasim me mostrat e paragitura nga Magedonia, kurse bariumi, stronciumi dhe
vandiumi paragiten né vlera mé té uléta. Elementet tjeré Cd, Cr, Cu, Ni dhe Zn kané vlera mé té
larta té pérgendrimit krahasuar mé Kosovén 2011, Shqipérin dhe Magedonin, megjithaté né

krahasim me vendet e njéjta Co, Mn, Pb, Sr dhe V pargesin vlera mé té uléta. Sipas Strandardeve
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Holandeze pérgendrimet e Ba, Cd, Cr dhe Ni tejkalojné vlerén optimale, dhe nén kéto vlera
optimale ndodhet As, Co, Cu, Pb dhe Zn.

Tabela 16. Krahasimi i vlerés mediane, minimale dhe maksimale pér pérmbajtjén e elementeve né toké
nga hulumtimi aktual, me ato té Kosovés 2011, Shqipéris, Magedoni e Veriut dhe Evropa.

Kosova, 2019 (Rez. Shqipéria,  Magedonia e Veriut,

tona) Kosova, 2011 [206] 1998 [43] 2016 [177] Europa [176] Dutch standard [207]*
Njésia n=198 n=24 n=8 n=344 n=25 n=7
Median Min - Median Min - Max Min - Max  Median Min - Median Min - Target  Intervention
Max Max Max
Al % 14 02246 - - - 13 00535 58  070-141 - -
As mg/kg 17 2.0-84 - - - 10 1.0-720 12 032562 29 55
Ba mglkg 280  72-660 - - - 430  6.0-2900 375  30-1870 200 625
0.0049- 0.2100- 0.019-
Ca % 071 008815 0.0245 0.03546 80 13 0.05-35  0.66 0.3 - -
cd mglkg 039 01088 031 0.12-3.08 0.2-14 03 001110 092 00314 08 12
Co mglkg 141  13-720 362 20.0-140 130-476 17 05150  7.78 <3-249 20 240
cr mg/kg 110  39-1800 53 9.96-777 91-3865 88 502700 60 <3-3230 100 380
cu mg/kg 34 9.7-130 31 10.4-202 6.0-1107 28 1.6-270 13 0.81-256 36 190
0.2054- 0.049-
Fe % 2.2 1184 0634 o6 5485 ; 35 00312 134 06 ; -
K % 1.0 02318 00488  0.0104-0.1008 - 19 00253 159 002251 - -
Li mg/kg 34 7.4-110 - - - 26 1.8-210 22 0.14-271 - -
Mg % 056 %007 08446 0083784754 104252 094 01213 047  <000615 - -
Mn  mglk 810 240- yag 725-2083 - 900 1 510 316070 ; ;
9’kg 5700 10000
Na % 0.38 O'f293' 0.0112  0.0067-0.0488 - 13 o.go77- 06 003334 - -
Ni mg/kg 95 153300 183 4.32-419 54-3579 46 212500 18 <2-2690 35 210
0.011- 0.0082-
P mglkg 500  80-5200 - - - 0.062 .39 0.96 0.99 - -
10.0- 1.2-
Pb mg/kg 22 a0 3911 11544166 80-172 32 L0000 23 5.3-970 85 530
Sr mg/kg 33 3.4-250 - - - 140 21-1400 89 8.0-3120 - -
v mg/kg 77 36-220 - - - 89 1.0-470 60 2.7-537 - -
Zn mg/kg 91 351100 885 35.8-277 49-2495 83 12'(%0 52 <3-2000 140 720

Min — minimum; Max —maximum.
*https://www.esdat.net/Environmental%20Standards/Dutch/annexS _12000Dutch%20Environmental%20Standards.p
df

Qeveria e Kosovés mé 28 gusht 2018 miratoi udhézimin administrativ nr. 11/2018
pér vlerat kufizuese té ndotésve té tokés [208]. Sipas késaj rregullore, toka e ndotur me metale
ndahet né tre kategori; A - e pastér, B - ndotje e pranueshme, por nevojiten hulumtime té

métejshéme dhe C-ndotje e theksuar dhe nevojitet pastrim (Tabela 17).
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Tabela 17. Vlerat kufizuese té ndotés sé tokés [208]*

Nr. Elementi kimik Dheu (mg/kg té dheut té thaté)
A B C
1 Arseni (As) 30 55 80
2 Bariumi (Ba) 200 625 2000
3 Kadmiumi (Cd) 3 12 25
4 Kromi (Cr) 300 600 800
5 Kobalti (Co) 20 240 300
6 Bakri (Cu) 200 300 500
7 Nikeli (Ni) 300 600 800
8 Plumbi (Pb) 200 300 600
9 Merkuri (Hg) 15 5 10
10 Molibdeni (Mo) 10 40 200
11 Kallaji (Sn) 20 50 300
12 Zinku (Zn) 300 500 1000
13 Seleni (Se) 2 100 200
A - e pastér; B - ndotje e pranueshme, por nevojiten hulumtime t& métejshéme; C-ndotje e theksuar dhe nevojitet

pastrim
https://mmphi.rks-gov.net/assets/cms/uploads/files/Legjislacioni/Aktet Nenligjore/UDHEZIM-ADMINISTRATIV QRK-Nr.11.-2018-PéR-

VLERAT-KUFITARE-Te-EMISIONEVE-Te-MATERIEVE-NDOTeSE Ne-TOKE_325252.pdf

Né nivel botéror mesatarja e arsenit né toké ndodhet né sasi 5.0 mg/kg paraqitur
nga [209]. Vlera mediane evropiane e As né shtresén e sipérme té tokés ndodhét né sasi 6.0
mg/kg, sipas [176]. Té dhénat nga ky hulumtim tregoné gé vlera mediane e As pér token e
Kosovés éshté 17 mg/kg, pérmbatja e arsenit né top-soil dhe sub-soil varirion nga 2.0 — 84 mg/kg
(Tabela 15). Shpérndarja sipas lokaliteteve tregon gé arseni pérgendrimin maksimal (84.4
mg/kg) e Kishte né mostrén S-53 (top-soil) Gracanicé-Prishting, gé¢ mund té ndikohet nga mineria
e Hajvalisé, poashtu pérmbajtje té larté tregojné mostrat e shtresave sipérfagésore né lokalitetet
S-88 (Shupkovc-Mitrovicé) 72.4 mg/kg dhe S-56 (Artané) 49.9 mg/kg. Ndérsa lokalitetet e njéjta
né shtresén e poshtme 20-30 cm (sub-soil) kishin pérgendrime mé té uléta. Kjo tregon gé kéto
vlera té larta té pérgéndrimit vijné kryesisht nga faktori antropogjen; aktivitetet minerare dhe
metalurgjike si dhe djegia e 1éndeve djegése fosile. Né vecanti pérgéndrimi i larté i arsenit né
Shupkovc-Mitrovicé éshté i lidhur me punén e shkritorés e cila ndodhet né gytetin e Mitrovicés
[174].
Nga figura 22 e hartés sé shpérndarjés hapsinore té arsenit, pérgéndrime mé té larta paragiten né
pjesén veri-lindore dhe até peréndimore té€ vendit, mé saktésisht né regjionin e Prishtinés dhe
Pejés, pérgendrimi shkon duke u zvogéluar né drejtim té pjesés géndrore. Kurse sipas

formacioneve gjeologjike vlera mé té larta standarde paraqitet né shkéminjét magmatik Neo-
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paleogjen, shkembinjét karbonat dhe flishit gélgeror té kohés sé Mesozoikut. Krahasuar me
vlerat nga tabela 17 [208] shtresa sipérfagésore e tokés né lokalitetet Gracanicé dhe Mitrovicé i
pérket kategorisé C (ndotje e theksuar), kurse té gjitha lokalitetet tjera klasifikohen midis
kategoris A dhe B.
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Figura 20. Shpérndarja hapsinore e arsenit né mostrat e tokés, grafiku sipas regjioneve dhe
formacioneve gjeologjike
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Pérmbajtja e bariumit né téré teritorin e Kosovés né dy shtresat (TS dhe SS) sillet
nga 72 — 660 mg/kg dhe me vleré mediane 280 mg/kg. Vlerat maksimale 660 mg/kg TS dhe 570
mg/kg né SS jané gjetur né té njéjtin lokalitet S-54 (Janjevé - Lipjané). Ndérsa né té gjitha
lokalitetet tjera pérgendrimit jané nén 560 mg/kg. Shpérndarja hapésinore e Ba sipas vlerave
standarde, nivele mé té larta vérehen né pjesén lindore té vendit dhe shkojné duke u zvogéluar
kah pjesa jug-pérendimore dhe géndrore, ndérsa sipas formacioneve gjeologjike mé i shprehur
éshté né shkembinjét magmatik (Ng-Pg) dhe metamorfik té periudhés sé Pz pérkatésisht Pt.
Pérgendrimet e Ba né mostrat e marra né téré teritorin e Kosovés kategorizohen né grupin A dhe
B sipas [208] Tabela 17.

N
w~+as
B

Scale (km)
— —
!

Subsoil

Ba (ma/kg)
[ | \ \ \ |

200 230 260 300 340 410

Figura 21. Shpérndarja hapsinore e bariumit né mostrat e tokés, grafiku sipas regjioneve dhe
formacioneve gjeologjike

Pérgéndrimet e kadmiumit né shtresén e sipérme dhe té poshtme té tokés sillet né
vlera nga 0.10 — 8.8 mg/kg dhe me mediane 0.39 mg/kg, dukshém mé e ulét né krahasim me
medianén e dheut Evropian (0.92 mg/kg) sipas [176] dhe standardit Holandez (0.8 mg/kg) [207].
Pérgéndrimet maksimale té kadmiumit jané gjetur né lokalitetet e Mitrovicés; S-87 (SS Frashér)
8.80 mg/kg, S-88 (TS Shupkovc) 8.80 mg/kg, S-89 (TS Mitrovicé gytet) 6.59 mg/kg dhe né
mostrén S-91 (SS Zvecan) 3.04 mg/kg. Shpérndarja hapsinore e Cd né té dy shtresat éshté

paragitur né figuren 24. Pérgéndrimet mé té larta jané né pjesén veri-lindore dhe veri-
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perendimore té Kosovés dhe vazhdojné duke u zvogéluar né drejtim té pjesés géndrore. Kéto
pérgéndrime té larta jané té lidhura me shkritorén dhe fabrikén e akumulatorve Trepca e cila
gjendet né Mitrovicé [175]. Si¢ tregohet nga grafiku, me origjiné gjeogjene mund té
konsideorohen edhe zonat né tokat ku dominojn Flishi gélgeror i kohés sé mesozoikut. Mostrat e
marra né lokalitetet S-87, S-88, S-89 dhe S-91 jané kategorizuar midis grupit A dhe B, ndérsa té

gjitha lokalitete tjera i pérkasin kategorisé A.
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Figura 22. Shpérndarja hapsinore e kadmiumit né mostrat e tokés, grafiku sipas regjioneve dhe
formacioneve gjeologjike

Kobalti né mostrat e shtresés sé sipérme dhe té poshtme té tokés tregon vleré
mediane 14.1 mg/kg, kurse vlerat minimale dhe maksimale varirojn nga 1.3 — 720 mg/kg. Vlerat
maksimale té pérgéndrimit jané gjetur né lokalitetet S-38 (Panorc-Malishevé) SS 725 mg/kg
pérkatésisht TS 275 mg/kg dhe S-28 (Moriné-Gjakové) SS 421 mg/kg pérkatésisht TS 176.82
mg/kg. Megenése kobalti u takon elementeve me origjiné natyrore edhe shpérndarja e tij varet
nga litologjia e terenit, figura 25. Vlera té larta standarde sipas regjioneve dhe formacioneve
gjeologjike jané hasur né regjionin e Prishtinés dhe até té Pejés (Gjakovés), pra né zonat ku
dominojné tokat serpentine té Triaskut, mbi shkémbinjét metamorifik té& kohés mesozoike dhe té
deluvimit Kuaterner. Né krahasim me sasin e Co né toké (8 mg/kg) sipas [209], vlerave mediane
té dherave Evropiane (7.0 mg/kg) sipas [176] dhe Standartin Holandez (0.8 mg/kg) sipas [207],
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kobalti nga ky hulumtim tregon vlera me té larta t€ pérgéndrimit. Sipas vlerave kufizuese té
Kosoveés [208] pér kobalt né kategoriné C hyjné lokalitete S-28 dhe S-38, dhe midis kategoris B
dhe C grupohen té gjitha lokalitetet tjera.
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Figura 23. Shpérndarja hapsinore e kobaltit né mostrat e tokés, grafiku sipas regjioneve dhe
formacioneve gjeologjike

Sipas [209] mesatrja e Kromit né toké éshté 200 mg/kg, kurse mediana e dherave
Evropiane éshté 60 mg/kg, sipas [176]. Vlera mediané pér kromin né kété hulumtim éshté 110
mg/kg, pérgéndrimet e kromit né mostrat e sipérme edhe té poshtme té tokés variriojné nga 39 —
1800 mg/kg (Tabela 15). Ngjajshém mé Co, vlerat té larta té pérgéndrimit pér Cr varen nga
litologjia e terenit. Vlerat maksimale jané gjetur né lokalitetet S-38 (Panorc-Malishevé) SS 1800
mg/kg, pérkatésisht TS 1592.3 mg/kg, S-96 (Kulla Zvegan) SS 1428.5, pérkatésisht TS 1099.4
mg/kg, S-28 (Moriné-Gjakové) SS 1142.9 mg/kg pérkatésisht TS 913.9 mg/kg. Kjo shpérndarje
hapsinore e pérgéndrimeve té kromit vérteton edhe njéheré origjinén litologjike té tij, né zonat ku
kryesisht dominojné tokat serpentine té& Triaskut, né shkémbinjét magmatik t& mesozoikut
(Figura 26). Sa i pérket rekomandimeve sipas vlerave kufizuese pér pérgéndrimet e Cr (Tabela
17) [208], lokalitetet S-38, S-96, S-28, S-32 dhe S-29 i takojné kategoisé C, kurse S-16 dhe S-97

i takojné kategorisé B, ndérsa té gjitha lokalitetet tjera i pérkasin katégosis A. Gjithashtu
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pérgéndrimet mediané e Cr né nivel vendi, tejkaloné vlerén optimale sipas Standardit Holandez
(Tabela 16).

1200

District
Il Geology

Scale (km)

1000

600

Cr (mg/kg)

400 [

200 |-

Mz
Mz,
Mz,
Mz
Pz,

o
Giilani ||

Peja

Mitrovica
Prishtina

=3
o
=3
<
)
e
©
2
8
=]
©
£
o
@
=

Prizreni

Alluvium (Q

Clastites (Ng-Pg
Carbenates
Flysch
Clastites

Cr (mg/kg)

61 T4 89 120 150 250

Magmatic rocks
Metamorfic rocks
Metamorfic rocks (Pt

Deluvium/Proluvium (Q

Figura 24. Shpérndarja hapsinore e kromit né mostrat e tokés, grafiku sipas regjioneve dhe formacioneve
gjeologjike

Vlera e bakrit né téré teritorin e hulumtuar sillet nga 9.7 — 130 mg/kg dhe vleré
mediané 34 mg/kg, e cila éshté né linjé me sasiné e bakrit né boté (30 mg/kg) sipas [209], dhe
mé e larté sesa vlera mediane e dherave Evropiane (13 mg/kg) sipas [176]. Shpérndarja
hapsinore e vlerave té Cu, tregoné se regjioni i Prishtinés, Mitrovicés, Pejés dhe Prizrenit kané
pérgéndrime shumé té péraferta. Vlerat mé té larta jané hasur né lakalitet S-6 (Han i Elezit) SS
131.7 pérkatésisht 96.8 mg/kg, S-3 (Lubigevé-Prizren) SS 117.6 pérkatésisht 95.8 mg/kg, pastaj
S-91 (Zvecan), S-80 (Milloshevé-Obiliqg), S-81 (Sinaj-Istog) dhe S-82 (Cercé-Istog). Duke marré
parasysh aktivitetet industriale gé zhvillohen né kéto lokalitete (psh né Elez Han ndodhet fabrika
e cimentos, Zvecan ndodhet shkritorja e Trepcés, dhe Obilig Termocentrali Kosova A dhe B,
ndérsa né Istogé aktivitete minerare-guréthyesit dhe industrial-betoniere) dhe litologjin e zonave,
mund té vijmé né pérfundim se bakri ka origjiné té pérzier gjeogjene dhe antropogjene, ndérsa
sipas vlerave kufizuese (Tabela 17) té gjitha lokalitetet i takojné kategorisé A. Shpérndarje
relativisht té njéjté me bakrin tregojné litiumi dhe mangani, té cilét tregojné vlera mediane 34

mg/kg, kurse vlerat e tyre sillen nga 7.4 — 110 mg/kg, respektivisht 810 mg/kg dhe 240 — 5700
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mg/kg pér manganin. Litiumi pérgéndrimin maksimal 113.8 mg/kg e ka né mostrén S-78
(Llutové-Rugové) ndérsa né té gjitha lokalitetet tjera pérgéndrimi i tij éshté nén 68.8 mg/kg.
Mangani pérgéndrimin maksimal 5700 mg/kg dhe 3736 mg/kg e ka né mostrat S-38 (Panorc-
Malishevé), respektivisht S-28 (Moriné-Gjakoveé) (Figura 27). Sikurse kromi, bakri, edhe litiumi

me manganin jané elemente me prejardhje natyrore.
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Figura 25. Shpérndarja hapsinore e bakrit né mostrat e tokés, grafiku sipas regjioneve dhe formacioneve
gjeologjike

Pérmbajtja e nikelit né kété hulumtim tregon vlera nga 15 — 3300 mg/kg dhe
mediané 95 mg/kg. Ndérsa vlera mesatare né boté éshté 40 mg/kg sipas [209], dhe vlera mediane
e dherave pér téré territorin e Evropés éshté 18 mg/kg sipas [176], dukshém mé e ulét né
krahasim me mostrat tona. Shpérndarja hapsinore e pérgéndrimit sipas regjioneve dhe
formacioneve gjeologjike tregon se nikeli ka shpérndarje dhe origjiné shumé té ngjajshme me
kromin dhe kobaltin. Sipas standardit Holandez (Tabela 16) toka nga Kosova del té jeté shumé e
pasur me Ni dhe se vlera mediane tejkalon limitn e lejuar pér 2.7 heré. Kurse sipas vlera
kufizuese té kategorizimit té tokés (Tabela 17), kategorisé C i takojné lokalitetet S-38, S-28, S-
29, S-96, S-51 dhe S-32, kurse té gjitha lokalitetet tjera jané ndérmjet kategorisé A dhe B.
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Figura 26. Shpérndarja hapsinore e Nikelit né mostrat e tokés, grafiku sipas regjioneve dhe
formacioneve gjeologjike

Plumbi né kété hulumtim éshté gjetur né mesatare shumé té larté (92 mg/kg), kjo si
rezulatat i aktiviteteve minerare né disa zona té Kosovés, té cilat shtrihnen né regjionin e
Mitrovicés saktésisht né aférsi té zonés industriale (shkritorés sé Pb, fabrikés sé baterive dhe
akumulatorve) né Zvegan, minierave té Trepcés né Stantérg e Leposavic, pastaj né regjionin e
Prishtinés dhe até té Gjilanit ku ndodhen miniera e Hajvalisé, Kishnicés dhe Artanés, ku nga té
gjitha kéto aktivitete ndikohet jashtézakonisht shumé shpérndarja e Pb dhe Zn, kjo éshté
paragitur edhe nga disa hulumtime [175][167][210]. Meqgenése, pérgendrimi i plumbit né pjesé
tjera té vendit éshté relativisht i ulét, atéheré pas transformimit Box-Cox té té gjitha rezultateve,
éshté ulur ndjeshém vlera e medianés. Pérgéndrimet e plumbit né téré téritorin e Kosovés sillen
nga 10 — 3600 mg/kg dhe vleré té medianés 22 mg/kg (Tabela 15). Pothuajse identike éshté
mediana e Pb pér dherat evropiane (22.6 mg/kg) sipas [176], dhe mé e ulét se vlera mesatere té
plumbit né dherat e botérore (35 mg/kg) sipas [209]. Vlera maksimale té pérgéndrimit té plumbit
jané gjetur né regjionin e Mitrovicés (Figura 29) sidomos né mostrat: S-91 (Zvecan-Kelmend)
TS 3610.4 mg/kg dhe SS 631.1, S-87 (Frashér) SS 1397.6 dhe TS 614.9 mg/kg, S-88 (Shupkovc)
TS 1258.7 mg/kg SS 1864.6 mg/kg, S-96 (Zvegan-Kulla) TS 700.5 dhe SS 447.4 mg/kg, S-94
(2vecan-Obriligéva) TS 378.2 dhe SS 290.6 mg/kg, S-56 (Artané) SS 355.6 dhe TS 317.5
mg/kg, dhe S-53 (Graganc) SS 366.2 dhe TS 312.0 mg/kg, né té cilat burim kryesor té ndotjés
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me plumb kané faktorin antropogjen pérmes depozitimit atmosferik (kompleksi metalurgjik
Trepca né Mitrovicé, minerat dhe trafikun rrugoré né regjionin e Prishtinés) kété mé sé miri e
verteton fakti sé né téré territorin e Kosovés vlerat mé té larta té plumbit jané gjetur né shtresén
sipérfagésore sesa né até néntokésore. Sipas formacioneve gjeologjike, pérgéndrimi i plumbit
lidhet edhe me zonat ku dominojné shkémbinjét klastik dhe magmatik té kohés sé Mesozoikut.
Ndésa, sipas standardit Holandez, pérgéndrimet mesatere (92 mg/kg) nga ky hulumtim tejkalojné
vlerén optimale (85 mg/kg). Sipas UA 11/2018 (Tabela 4), né kategorin C - toké e ndotur me Pb
hyjné lokalitete rreth kompleksit Trepca S-91, S-87, S-88 dhe S-96, né kategoriné B béjné pjesé
S-94, S-56 dhe S-53, kurse kategorisé A i takojné té gjitha lokalitet tjera né nivel vendi.
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Figura 27. Shpérndarja hapsinore e plumbit né mostrat e tokés, grafiku sipas regjioneve dhe
formacioneve gjeologjike

Nga 198 mostrat e marra né téré teritorin e Kosovés pérmbatja e zinkut né toké
sillet nga 35 — 1100 mg/kg dhe mediané 91 mg/kg, e cila éshté identike me mesataren e zinkut né
toké sipas [209], por sa dyfishi i medianés evropiane (52 mg/kg) [176]. Vlera té larta standarde té
pérgéndrimit jané gjetur né pjesén veriore dhe até veri-lindore té vendit, konkretisht né regjionin
e Mitrovicés dhe Prishtinés. Péraférsisht shumé ngjajshém me shpérndarjen e plumbit, kjo pér
arsyeje se né natyré gjenden sé bashku né formé té mineraleve galenit dhe sfalerit [211] né

formacionet gjeologjike té klastikeve té kohés sé mesozoikut (Figura 30), gjithashtu zinku né
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masé té madhe vije edhe nga faktori antropogjen si¢ jané; industria metalurgjike, djegia e
lendéve djegése fosile dhe minerat. Pérgéndrimet mé té larta té zinkut jané treguar né lokalitet:
S-91 (Zvecan-Kelmend) 1115.7 mg/kg, S-80 (Milloshevé-Obiliq) 1058.9 mg/kg, S-27 (Gjakové)
509.9 mg/kg, S-87 (Frashér) 496.8 mg/kg, S-92 (Karag-Vushtérri) 408.2, S-88 (Shupkovc) 358.0
mg/kg, S-96 (Kulla-Zvecan) 270.8 mg/kg dhe S-53 (Graganic) 234 mg/kg. Vlera mesatare dhe
ajo mediané gjenden nén vlerén optimale té lejuar 140 mg/kg sipas Standardit Holandez (Tabela
16)[207]. Sipas UA 11/2018 pér vlerat kufizuese, né karegoriné C ndodhen vetém dy lokalitete,
S-91 (Zvecan-Kelemend) dhe S-80 (Milloshevé-Obilig), né kategorin B béjné pjesé S-27
(Gjakové), S-87 (Frashér), S-92 (Karag-Vushtérri) dhe S-88 (Shupkovc), kurse té gjitha
lokalitete tjera ndodhen né kategoriné A (Tabela 17).
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Figura 28. Shpérndarja hapsinore e zinkut né mostrat e tokés, grafiku sipas regjioneve dhe formacioneve
gjeologjike

3.3.1. Analiza e korrelacionit
Pér té pércaktuar shkallén e asociacionit té elementeve kimike éshté pérdorur
statistika dyvariate, ku jané marré né konsideraté rezultatet pas transformimit me ané té metodés

Box-Cox, pér pérmbatjen mesatare té elementeve né mostrat e tokés té marra nga dy shtresat

(Tabela 2), me ¢rast éshté ndértuar njé matricé me koeficentet e korrelacionit, tabela 5. Vlera
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absolute e r prej 0.5 deri 0.7 éshté marrur si vleré gé tregon korrelacion té miré, kurse ajo midis
0.7 dhe 1.0 tregon korrelacion té forté ndérmjet elementeve [82,189,199,200]. Nga tabela 5
vérehet carté se koeficient té larté té korrelacionit kané treguar kryesisht né elementet me
origjiné litologjike, gé sillet ndérmjet vlerave 0.51 dhe 0.92. Né grupin e elementeve me
korrelecion té miré (0.5 — 0.7) béjné pjesé 11 elemente, ndérsa korrelacion té forté ndérmjet (0.7
— 1.0) tregojné 7 elemente. Vleré mé té larté té korrelacionit tregojné Cr - Ni (0.92), ndjekur nga
ai ndérmjet Al dhe Ca (0.83). Korrelacione té forta pozitiv kemi ndérmjet kromit me nikel,
hekur, kobalt dhe magnez, ndérsa korelacione té& mira kemi ndérmjet kobaltit me nikelin,
manganin, hekurin dhe magnezin, gjithashtu hekur — nikel apo bakér — zink, kéto lidhje tregoné

pér origjinén e pérzier gjeogjene té ndikuar nga ajo antropogjene.
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Tabela 18. Matrica e koeficientéve té korrelacionit (n=99+99)

Al 1.00

As -0.16 1.00

Ba -0.05 0.27 1.00

Ca 0.83 -0.11 -0.02 1.00

Cd 0.04 0.41 0.24 0.02 1.00

Co 0.37 0.05 -0.16 0.23 0.06 1.00

Cr 0.38 0.03 -0.23 0.20 0.12 0.72 1.00

Cu 0.35 0.22 0.09 0.30 0.23 0.20 0.24 1.00

Fe 0.57 0.03 -0.04 0.33 0.13 0.73 0.75 0.39 1.00

K 0.09 0.17 0.62 -0.04 0.30 -0.24 -0.23 0.25 0.00 1.00

Li -0.04 0.24 0.23 -0.15 0.14 -0.13 0.01 0.34 -0.01 0.43 1.00

Mg 0.62 -0.02 0.14 0.31 0.03 0.53 0.58 0.22 0.71 -0.03 -0.10 1.00

Mn 0.25 0.20 0.08 0.21 0.18 0.57 0.37 0.45 0.48 -0.16 -0.05 0.37 1.00

Na -0.11 0.24 0.42 -0.19 0.09 -0.25 -0.24 -0.13 -0.13 0.43 -0.12 0.10 -0.16 1.00

Ni 0.47 -0.05 -0.30 0.34 0.07 0.71 0.92 0.26 0.68 -0.31 -0.03 0.58 0.44 -0.37 1.00

P 0.31 0.10 0.21 0.37 0.20 -0.07 -0.08 0.44 0.03 0.29 0.09 0.04 0.22 0.00 -0.02 1.00

Pb 0.18 0.07 0.15 0.20 0.30 0.04 0.05 0.21 0.08 0.14 -0.01 -0.06 0.13 -0.28 0.07 0.33 1.00

Sr 0.58 -0.09 0.35 0.68 0.09 0.03 -0.10 0.08 0.19 0.28 -0.14 0.15 -0.01 -0.05 -0.01 0.35 0.38 1.00

\Y 0.23 0.16 0.19 0.07 0.13 0.28 0.27 0.40 0.55 0.36 0.27 0.27 0.17 0.41 0.07 -0.01 -0.11 0.01 1.00

zZn 0.40 0.17 0.30 0.25 0.41 0.22 0.30 0.62 0.51 0.41 0.26 0.30 0.34 -0.11 0.25 0.49 0.48 0.36 0.30 1.00
Al As Ba Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni P Pb Sr \% Zn
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3.3.2. Analiza faktoriale (factor analysis)

Pérmes analizés faktoriale té multivariancés jané gjetur asociacionet e elementeve
kimike, t€ marré né 198 mostra té tokés né dy shtresa (0 - 5 cm dhe 20 — 30 cm). Ngjashém
sikurse tek ndértimi i matricés sé koeficientéve té korrelacionit, edhe tek analiza faktoriale pér
bazé jané marré vetém rezultatet g¢ mé paré jané transformuar mé metodén Box-Cox, si
pérmbajtja mesatare e té dy shtresave. Nga 20 elemente kimiké vetém 16 prej tyre u futen né
analizé faktoriale, ndérsa elementet kimike As, Cd, Cu, Li, Mn dhe P nuk jané pérfshiré né
analizén e métejme té multivariancés pér shkak se ato kishin pjesmarrje té ulét té asociacionit me
elementet tjeré ose tendencé pér té formuar grupe individuale. Me analizé faktoriale shpérndarja
e elementeve éshté zvogéluar né vetém katér variabla sintetike: F1, F2, F3 dhe F4, duke pérbéré
78.5 % té variancés totale (Tabela 6). Kriteret kryesore né pérzgjedhjen e numrit té faktoréve dhe
ngarkimin e variablave ishte gé pas rrotullimit varimax vlera Eingene té jeté mé e madhe se 1 (E
> 1) [147,212].

Tabela 19. Matrica e ngarkimeve (vlerave) té faktoréve dominant (analizés faktoriale) té rrotollimit.

F1 F2 F3 F4 Comm
Ni 0.92 -0.23 0.00 0.05 90.0
Fe 0.92 0.12 0.09 0.20 90.1
Cr 0.91 -0.16 -0.04 0.11 87.1
Co 0.89 -0.11 -0.06 0.01 80.4
Mg 0.88 -0.01 0.15 -0.08 80.9
Ba -0.26 0.82 -0.11 0.16 61.6
\ 0.21 0.78 -0.02 -0.09 71.8
Na -0.06 0.75 0.02 -0.29 65.6
K -0.32 0.74 0.14 0.24 73.0
Ca -0.05 -0.29 0.87 -0.08 84.9
Al 0.40 0.02 0.77 0.14 77.2
Sr -0.13 0.32 0.76 0.21 73.4
Pb 0.05 -0.05 0.07 0.90 87.5
Zn 0.14 0.03 0.10 0.89 85.9
Prp.Totl 322 18.5 14.3 13.6 78.5
EigenVal 4.79 2.52 2.10 1.58
Expl.Var 4.50 2.59 2.00 1.90
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3.3.3. Analiza grupore (claster analysis)

Analiza klaster e elementeve éshté aplikuar pér té pércaktuar réndésiné e analizés
faktoriale dhe lidhjet e elementeve (Figura 31). Dendrogrami i distancave té koeficientéve té
korrelacionit té elementeve individuale pasqyron elementet e hulumtuara té ndaré né katér grupe
té cilat tregojné ngjashméri me asociacionet e analizés faktoriale (Tabela 19). Klasteri i paré (Al,
Ca, Sr) tregon ngjashméri me faktorin 3 té analizés faktoriale. Elementet nga grupi/klasteri i dyté
pérfshiné Pb dhe Zn i cili korrespondon me Faktorin 4, klasteri i treté qé pérbéhet nga Ba, K, Na
dhe V, tregon ngjashméri me faktorin 2, kurse klasteri katér (Co, Cr, Ni, Fe, MQg) i pérket faktorit

1. Té njéjtat grupe jané identifikuar edhe me ané té analizés faktoriale.
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Figura 29. Dendogrami i analizés grupore pér elementet e analizuara né mostrat e dheut
Pér té ndértuar hartat e shpérndarjes hapésinore éshté aplikuar metoda kriging me interpolacion
dhe variogram linear, (Figurat 32, 33, 34 dhe 35).

Faktori 1 (Co, Cr, Ni, Fe, Mg) éshté asociacioni gjeokimik mé i forté gé pérmban vlera

standarde té larta té kétyre elementeve, pérfagéson 32.2 % té variabilitetit nga totali 78.5%.
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Shpérndarja hapésinore e vlerave té fakorit 1 pér té dy shtresat (0-5 cm dhe 20-30 cm) éshté
dhéné né figuren 32. Si¢ shihet nga hartat e shpérndarjes nga faktori 1, nuk ka dallime né mes té
elementeve té ndryshme, apo mes elementeve té njéjta né shtresa té ndryshme. Né F1 gjenden
elemente tipike té mineralizimeve kromite, qé i pérkasin té njéjtés origjiné gjeogjenike. Burimet
kryesore té tyre jané dukurité natyrore, si¢ jané erozionet e shkémbinjéve dhe proceset kimike té
cilat zhvillohen né toké. Pérmbajtje mé té larté té kétyre elementeve jané gjetur né pjesén veriore
té vendit né regjionin e Mitrovicés, pjesén pérendimore né regjionin e Pejés dhe Gjakovés,
ndérsa pérgéndrimi shkon duke u zvogéluar kah pjesa géndrore dhe ajo lindore e vendit.
Shpérndarja hapésinore e vlerave té faktorit 1 éshté e lidhur ngushté me formacionet gjeologjike
né toké, nga zonat ku jané marré mostrat e dheut (Figura 32). Sipas formacioneve gjeologjike
vlera mé té larta standarde éshté gjetur né tokat serpentine mbi shkémbinjét magmatik mesozik

dhe sendimenteve aluviale Kuaternere.
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Figura 30. Shpérndarja hapésinore e vlerave té faktorit 1 (Co, Cr, Fe, Mg dhe Ni) né mostrat e tokés,
sipas regjioneve dhe formacioneve gjeologjike

Faktori 2 (Ba, K, Na dhe V) éshté asociacioni i dyté mé i forté gjeokimik, me
variabilitet 18.5 % dhe vleré Eigen 2.52. Ky asociacion i elementeve ka shpérndarje hapésinore
kryesisht né pjesén lindore té vendit gé e pérfshiné regjionin e Gjilanit dhe vlerat shkojné duke
réné né drejtim té pjesés géndore dhe jugore, pérkatésisht né drejtim té regjionit té Prishtinés dhe
Prizrenit (Figure 33). Prejardhja e kétyre elementeve éshté tipike litogjenike, dhe vlera mé té
larta standarde sipas formacioneve gjeologjike ndodhen né zonat e dominuara me shkémbinjé

metamorfik Proterozoik dhe shkémbinjet magmatik té kohés Neo-Paleogjene.
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Figura 31. Shpérndarja hapésinore e vlerave té faktorit 2 (Ba, K, Na, V) né mostrat e tokés, sipas
regjioneve dhe formacioneve gjeologjike

Faktori 3 (Al, Ca, Sr) paraget asociacionin gjeokimik/litogjenik me variabilitet 14.3 %
brenda té dhénave dhe vleré Eingen 2.10. Shpérndarja hapsinore e elementeve pér té dy shtresat
éshté paraqitur né figurén 34, ku éshté dhéné pérmbajta mesatare e vlerave standarde nga faktori

3. Nga hartat e shpérndarjés vérehet se pérgéndrime mé té larta kishte né tokat e pjesés veri-
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pérendimore né regjionin e Mitrovicés dhe Pejés, poashtu vlerta té larta té pérgéndrimit jané
gjetur edhe né regjionin e Gjilanit né pjesén lindore té vendit. Prezenca e kétij faktori né zonat e
lartécekura lidhet mé formacionet gjeologjike ku dominojné kryesisht shkémbinjét metamorfik té
périudhés Proterozoike, shkémbinjét gélgeror dhe karbonat té kohés Mezozoike.
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Figura 32. Shpérndarja hapésinore e vlerave té faktorit 3 (Al, Ca, Sr) né mostrat e tokés, sipas regjioneve
dhe formacioneve gjeologjike.
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Faktori 4 (Pb, Zn) faktori me i dobét gé pérfagéson vetém 13.6 % té variabilitetit nga
totali 78.5 % dhe vleré Eigen 1.58. Ashtu si¢ pritej kéto dy elemente gjenden né njé grup pér
faktin se né natyré hasen sé bashku né formé té mineraleve galenit dhe sfalerit [211]. Megénse
kéto elemente jané gjetur né pérgéndrime shumé té larta né disa mostra, mund té konsiderohet se
prejardhja e tyre é&shté ndikuar kryesisht nga faktori antropogjen, zakonisht nga aktivitetet
minerare né disa zona té Kosovés, trafiku rrugor i dendur, termocentralet, deponit e mbeturinave,
zonat industriale, etj. Sic, shihet né figurén 35 dhe tabelén 14, karakteristik e faktorit me origjiné
antropogjene éshté se shtresa shpérfagésore e tokés pérmban pérgéndrim mé té larté né krahasim
me shtresén néntokésore, e cila déshmon origjinen e tyre antropogjene.

Shpérndarja hapésinore e vlerave standarde té faktorit 4 kryesisht éshté né pjesén veriore dhe
lindore té vendit, saktésisht né regjionin e Mitrovicés né aférsi té zonés industriale (shkritorés sé
Pb, fabrikés sé baterive dhe akumulatorve) né Zvegan, minierave té Trepcés né Stantérg e
Leposavig, pastaj né regjionin e Prishtinés dhe até té Gjilanit ku ndodhen miniera e Hajvalisé,
Kishnicés dhe Artanés. Té gjitha kéto aktivitete ndikojné jashtézakonisht shumé né shpérndarjen
e Pb dhe Zn (Figura 35). Poashtu, shpérndarja hapsinore e faktorit 4 sipas formacioneve
gjeologjike éshté treguar né grafik, dhe vlera té larta gjenden né tokat mbi shkémbinjét klastik té

kohés sé Mezozoikut.
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4.0. KRAHASIMI | REZULTATEVE MJALTE, POLEN, TOKE
4.1. Krahasimi i korrelacionit té té dhénave té pérbashkéta mjalté, polen dhe toké

Né tabelén 20 jané dhéné korrelacionet toké-mjalté-polen, pér dy raste, kur mostra e
tokés éshté marré nga sipérfagja (0-5 cm) dhe thellésia (20-30 cm), si dhe korrelacioni i
elementeve té zgjedhura mes dy shtresave té tokés. Sipas rezultateve té paragitura né Tabelen
20, natyrisht, vlerat mé té larta té té gjithé elementéve potencialisht toksiké u gjetén né mostrén
sipérfagésore té tokés dhe pastaj né thellési. Gjithashtu, pérgendrimi i larté i njé elementi té
pércaktuar né toké nuk reflektohet domosdoshmérisht né polen apo mjalté. Pér shembull,
pérgéndrimet e P né polen ishin mé té larta se sa né toké (té& dy shtresat) dhe mjalté, ndérsa
pérgendrimet e Na né mjalté ishin mé té larta se né polen. Gjithashtu, nése njé element gjendet
né pérgendrime té larta né toké (té dy shtresat), ai pritet té jeté i pranishém né pérgendrime té
larta edhe né polen apo mjalté. Megjithaté njé gjé té tillé nuk e tregojné koeficientét e
korrelacionit (Tabela 20), sepse jo vetém gé koeficientét jané té vegjel por shumé prej tyre jané
edhe negativ. Nga tabela 20, vérehet se koeficientet e korrelacionit Pearson nuk tregojné

korrelacione té forta né mes elementeve té njéjta né sisteme té ndryshme (dhe, mjalté, polen), me
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pérjashtim té Pb, Zn, Ti dhe Mn té cilét tregojné vleré pak mé té larté dhe pozitive té koeficientit
té korrelacionit. Kjo do té thoté se pér kéto elemente, sasia e elementit né njérin sistem éshté e
ndikuar (por jo shumé, pér shkak se vlera e koeficientit megjithaté nuk éshté e larté) nga sasia e
tij né sistemin tjetér. Né disa lokalitete pérgéndrimi i larté i Pb né toké (sipérfage) ka ndikuar né
ndotjen e mjaltés me kété element, kété e tregon vlera e larté e koeficientit té korrelacionit dhe-
mjalté 0.84 (Tabela 20).

Analizat laboratorike kané treguar sé pérgéndrimet e larta né toké té metaleve té rénda,
etj. gé mund té jené potencialisht toksike (Pb dhe Zn) pér t’u maniferstuar né mjalté dhe polen
duhet té kené vlera ekstremisht té larta (Tabela 21). Ndérsa, As edhe pse ndodhet né pérgéndrime
mé té ulta né toké né vendmostrimin Lubigevé, né mjalté dhe polen éshté mé pérgéndrim me té
larté se né Zvecgan edhe pse pérgéndrimi né toké (dhe) i tij né kété lokalitet ishte dy heré mé i
larté.

Megénse toka/dheu éshté marrur né dy shtresa, rrjedhimisht kemi nxjerr korrelacionet e
elementeve potencialisht toksike mes kétyre dy shtresave (sipérfage 0-5 cm dhe thellési 20-30
cm). Shumica e metaleve té rénda kishin vlera té larta té koeficientit té¢ korrelacionit, qé
domethéné se né pjesén mé té madhe té vendmostrimeve ku pérgéndrimi i metaleve té rénda
ishte i larté né sipérfaqe, ishte poashtu i larté edhe né thellési (Figura 21). Pérjashtim béjné Cd
(0.15), Pb (0.55), As (0.56) dhe Zn (0.61) gé kishin vlera mé té vogla té koeficientit té
korrelacionit, kjo pér arsyeje se pérgéndrimi i kétyre elementeve ishte mé i larté né sipérfagen e
tokés sesa né thellési té saj. Kjo ishte tregues i ndotjes sé sipérfages sé dheut me kéto elemente si

pasojé e proceseve industriale.

Korrelacioni mé i forté ishte ai pér Pb ndérmjet tokés (top soil) dhe mjaltit, me vleré 0.84,
poashtu Pb korrelacion té miré kishté ndérmjet tokés (sub soil) dhe mijaltit, me vleré 0.49. Tokeé-
polen dhe polen-mjalté ishin ciftet me numrin mé té madh té korrelacioneve domethénése.
Gjithsej 31 korrelacione ishin negative, edhe pse do té priteshin vetém korrelacione té dobéta apo
edhe té forta pozitive. Korrelacionet pozitive jané té pritshme, sepse bimét nga té cilat merret
mjalti dhe poleni nga bletét zhvillohen né toké prej nga edhe pritet t¢ merren elememtet.
Korrelacionet e dobéta dhe negative midis pérgendrimeve té metaleve té rénda né toké, mjalté

dhe polen mund t'i atribuohen kompleksitetit t& grumbullimit té€ mjaltit dhe polenit nga bletét.
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Shpérndarja e metaleve té rénda né toké éshté mjaft heterogjene, dhe ekziston njé larmi e madhe

bimésh té cilat mund té thithin elementé té ndryshém né sasi té ndryshme pérmes sistemeve té

tyre rrénore [213]. Mjalti, dhe veganérisht poleni, ndikohen shumé nga pluhuri. Bletét ushgehen

edhe né vende té tilla si deponité, ku mund té marrin ujé ose materiale té tjera gé mund té jené

shumé té ndotura me metale té rénda, duke cuar né ndotjen e mjaltit dhe polenit, i cili pérndryshe

ndodhet né njé zoné jo shumé té ndotur.

Tabela 20. Korrelimi i elementeve né mes té komponenteve

Korrelacioni né thellési (SS 20-30 cm)

Al As Cd Co Cr Cu Fe Mn Ni Pb Zn Ti Sh Hg
Polen/mjalté | 0.28 | -0.03 | 0.097 | -0.17 | -0.26 | -0.12 | 0.06 0.4 0.013 | -0.06 | -0.005 | 0.49 | -0.06 | 0.15
Dhe/polen 004 | 025 | -0.11 | -0.015 | -0.13 | -0.14 | 0.029 | -0.13 | 0.26 0.15 | -0.06
Dhe/mjalté -0.27 | 009 | 0097 | -01 |-023|-023| 0.03 0.06 0.1 0.49 0.32
Korrelacioni i elementeve né sipérfage (TS 0-5 cm)
Al As Cd Co Cr Cu Fe Mn Ni Pb Zn Ti Sh Hg
Polen/mjalté | 0.27 | -0.03 | 0.097 | -0.17 | -0.26 | -0.12 | 0.06 0.41 0.01 | -0.06 | -0.006 -0.064 | 0.15
Dhe/polen 018 | 0.19 | -0.14 | 0006 | -0.12 | -0.19 | 0.082 | -053 | 027 | 0.019 | -0.03
Dhe/mjalté 025 | 0.2 0.07 | -0.011 | -0.26 | -0.17 | 0.064 | 0.078 | 0.15 0.84 0.14
Korrelacioni TS/SS
Al As Cd Co Cr Cu Fe Mn Ni Pb Zn Ti Sh Hg
Korr TS/SS 085 | 056 | 0.5 097 | 098 | 085 | 091 0.77 0.98 0.55 0.61
TS — Top Soil; SS — Sub Soil
Tabela 21. Pégendrimet e As, Cd, Pb dhe Zn né katér komponentet
Komp. As Cd Pb Zn
S-3 Lubigevé Prizren Top 15.9 0.46 10 92.3
Sub 14.7 0.34 10 94.9
Polen 0.021 0.028 0.11 26.1
Mjalté 0.0084 0.017 0.12 2.7
S-10 Petrové/Korishé Prizren Top 145 0.32 10 109.7
Sub 16.8 0.31 194 124.4
Polen 0.056 0.055 111 28.6
Mjalté 0.0072 0.018 0.104 1.63
S-68 Prishting Top 30.5 0.49 1745 101.5
Sub 24.3 1.84 156.2 152.6
Polen 0.052 0.053 0.5 25.3
Mjalté 0.0048 0.011 0.14 3.8
S-78 Rugové-Pejé Top 30.1 0.13 12.9 99.2
Sub 19 2.08 10 99.6
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Polen 0.001 0.01 0.47 14.7
Mjalté 0.0052 0.021 0.107 1.32
S-91 Zvecan-Mitrovicé Top 32 0.99 3610.4 1115.7
Sub 155 3.04 631.1 350
Polen 0.01 0.029 0.21 31.6
Mjalté 0.0056 0.044 2.098 4.88
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5.0. PERFUNDIME

Rezultatet e kétij hulumtitmi tregojné se kishte dallime domethénése né nivelin e pérgéndrimit té
27 makro dhe mikroelementeve né mjaltén si bioindikator, t& marré né 99 vendmostrime né téré
territorin e Republikés sé Kosovés. Pér té pasur njé argumentim sa mé té miré, né lokalitetet e
njéjta krahas mjaltit éshté marré poleni dhe dheu né dy shtresa dhe u pércaktuan elementet e
njéjta, duke mundésuar Kkrijimin e njé data baze pér nivelin e pérgéndrimit té elementeve dhe

burimeve té ndotjés me metale té rénda.

e Mijalti i bletés u karakterizua me nivel té larté té pérgendrimit té K, P, Ca, Mg dhe Na.
Ndérsa, elementet té cilat konsiderohen potencialisht toksike, (Pb, Cd, As dhe Hg), sipas
Food and Agricultural Organisation and World Health Organisation (FAO/WHOQO) Codex
Alimentarius CXS 193-1995, dhe EU-Commission Regulation No 1881/2006, plumbi
dhe kadmiumi tejkalojné kufirin e lejuar né 6 mostra, kurse arseni dhe merkuri jané
brenda kufijve té lejuara. Me aplikimin e analizés klaster dhe asaj faktoriale jané zbuluar
tre grupe té elementeve me origjiné té ndryshme natyrore dhe antropogjeneve. Grupi i
pari (Mo, Pb, Sb, Se, Ti, TI) ishte me origjiné kryesisht antropogjene, ndérsa dy grupet
tjera (As, K, Mg, Mn, P dhe Ag, Al, Li) ishin me origjiné té pérzier antropogjene dhe
gjeogjene. Grupi i paré shfaget né pjesén veriore té vendit, kryesisht si rezultat i ndotjeve
nga industria metalurgjike, prodhimi plumbit, zinkut dhe deponité e hirit gé gjendeshin né
gytetin e Mitrovicés. Grupi i dyté dhe i treté mé origjiné mikse u ndikuan kryesisht nga
pérbérja gjeologjike dhe gjeokimike e tokés, llojet bimore akumuluese dhe proceset
bujgésore. Pérgéndrimet e kétyre elementeve jané paragitur me ané té hartave té
shpérndarjés.

e Rezultatet e hulumtimit tregojné se mjalti i bletéve té Kosovés mund té pérdoret si
bioindikator i ndotjes sé mjedisit dhe, me disa pérjashtime, mund té pérdoret edhe si

ushgim nga grup moshat e ndryshme té popullatés.

e Poleni i bletéve u karakterizua nga nivele té larta té pérgendrimit té K, P, Ca, Mg, Fe, Na,
Al, Zn, Mn dhe Cu. Ndérsa elementét e konsideruar potencialisht toksiké (Pb, Cd, As dhe
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Cr) kishin pérgendrime mesatare brenda kufijve té lejuar né 33 mostra, ndérsa né 34
mostra treguan pérgéndrime mesatare mbi kufijt e lejuar, sipas standardit té€ Polonisé.
Analiza grupore dhe ajo faktoriale treguan se kishte tre faktoré kryesoré (grupimi i
elementeve), dy prej té ciléve ishin me origjiné gjeogjenike F1 (Ag, Li, Al, Fe, Ca, Sr, K,
Mg, P) dhe F3 (Co -Ni-Cr-Cu-Mn), dhe njé me origjiné antropogjene F2 (Sh-As-Pb-TI-
Sn-Cd). F2 shfaget né pjesén juglindore dhe géndrore té vendit si pasojé e ndotjes nga
industria, deponité, trafiku rrugor, faktori antropogjen, pérbérja gjeologjike dhe
gjeokimike e tokés, speciet bimore akumuluese dhe proceset bujgésore.

Pérmbajtja e elementeve né mostrat e dheut kryesisht korrespondon me pérbérjen
gjeologjike té zonave, me pérjashtim té disa elementeve né zona té caktuara qé tregojné
vlera té ndikuara nga faktori antropogjen, sipas atyre lokacioneve ku kemi aktivitete
minerare, industri apo trafik té¢ dendur. Me aplikimin e analizés se korrelacionit jané
gjetur asociacionet ndérmjet elementeve dhe shtresave. Poashtu, népérmes analizés
klaster dhe asaj faktoriale jané zbuluar katér grupe té elemeneteve; Faktori 1 (Co, Cr, Ni,
Fe Mg), Faktori 2 (Ba, K, Na, V), Faktori 3 (Al, Ca, Sr) dhe Faktori 4 (Pb, Zn). Té dhénat
e marra nga shpérndarja hapésinore e elementeve individuale dhe né grupe treguan
origjinene e pérzier té kétyre elementeve. Tre faktorét e paré jané mé origjiné natyore,
ndérsa grupi katér éshté i ndikuar nga faktori antropogjen, si rezultat i proceseve
industriale dhe deponive ge jané né regjionin e Mitrovicés. Sipas strandardeve Holandeze
pérgendrimet e Ba, Cd, Cr dhe Ni, tejkalojné vlerén optimale, kurse As, Co, Cu, Pb dhe
Zn kishin pérgéndrime nén vlera optimale. Elementet si As, Cd, Co, Cr, Ni, Pb dhe Zn né
disa vendmostrime té né Mitrivicé, Prishtiné dhe Obilig, sipas vlerave kufizuese té ligjeve
té Kosovés kané treguar pérgéndrime té larta dhe i pérkasin kategorisé C.

Rezultatet e hulumtimit pérgjithésisht treguan sé nuk kishte korrelacione té elementeve
né mes mostrave té tri komponenteve dhe-polen-mjalté.

o Rekomandime
Monitorime té vazhdueshme té metaleve té rénda, mundésisht né numér edhe mé té madh

té mostrave.
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Kontrollet dhe vlerésimet nga ana e institucioneve té vendit, si dhe aplikimin strikt té
udhézimit andimistrativ pér monitrimin e ndotésve, ku prashihet analizimi dhe raportimi i
ndotésve né ményré periodike (2 here ne vit) nga té gjitha fabrikat ose kompanité gé

mund té jené burim i ndotjés sé ajrit, ujit, tokés dhe zingjirit ushgimor.
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Shtojcé 1.

Tabela 22. Krahasimi i korrelimit midis elementéve né mostrat e mjaltit, polenit dhe tokés

Korrelimi midis
elementeve né mjalté

Korrelimi midis elementeve né polen

Korrelimi midis elementeve né tokeé

Ag-Al (0.57) Al-Ti (0.67); Al-Sr (0.58); Al-Li (0.51); Al- | Al-Sr (0.58); Al-Mg (0.62); Al-Fe
Fe (0.84)**; Al-Ca (0.52); Al-As (0.61) (0.57); Al-Ca (0.83)**
Al-Li (0.62) As-Ti (0.68); As-Sb (0.62); As-Ni (0.50); Ba-K (0.62)
As-Fe (0.70)**; As-Co (0.60); As-Ca (0.51)
As-Mn (0.54) Ca-Sr (0.75)**; Ca-Ni (0.58); Ca-Fe (0.59); Ca-Sr (0.68)
Ca-Co (0.55)
As-Cu (0.58) Co-Ti (0.61); Co-Se (0.52); Co-Ni (0.69); Co-Ni (0.71)**; Co-Mn (0.57); Co-Mg

Co-Fe (0.50)

(0.53); Co-Fe (0.73)**; Co-Cr (0.72)**

Ba-Na (0.73)**

Fe-Ti (0.72)**; Fe-Sr (0.55); Fe-Sb (0.58)

Cr-Ni (0.92)**; Cr-Mg (0.58); Cr-Fe
(0.75)**

Ca-Sr (0.85)**; Ca-Na
(0.59); Ca-Mg (0.61)

K-P (0.55); K-Mn (0.54); K-Mg (0.69)

Cu-Zn (0.62)

Co-Hg (0.62) Li-Pb (0.58) Fe-Zn (0.51); Fe-V (0.55); Fe-Ni (0.68);
Fe-Mg (0.71)**
Fe-K (0.5) Mg-Zn (0.52); Mg-P (0.77)**; Mg-Mn Mg-Ni (0.58)
(0.50)
K-P (0.71)**; K-Mn P-Zn (0.76)**; P-Sr (0.51) P-Zn (0.49)
(0.79)**; K-Mg (0.72)**
Mg-Sr (0.66); Mg-P Pb-Sb (0.59) Pb-Zn (0.49)
(0.54); Mg-Mn (0.65)
Mn-P (0.62) Sbh-Sn (0.53)
Pb-Sb (0.51) Se-Ti (0.50)
Sr-Ti (0.50)

** korrelacion i forté
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Shtojcé 2.

Tabela 23. Vendmostrimet, lloji i mostres dhe pérshkrimi botanik.

Nr. Vendmostrimi cord. XN cord. Y E Lloji
Mmostrés

1 Pllavé-Dragash 42 5 29.96 20 38 58.51 T+M
2 Buzes-Opojé 42 6 40.05 2042 3.48 T+M
3 Lubigevé-Prizren 42 922.04 2043 42.60 T+M+P
4 Krivenik-Han i Elezit 42 6 56.32 2116 13.94 T+M+P
5 Han i Elezit Qytet 429 25.03 2117 52.16 T+M+P
6 Lag-Han i Elezit 42 10 47.09 21 159.02 T+M
7 Strazh-Kaganik 4211 40 211211 T+M+P
8 Mushnikov-Prizren 42 10 33.09 2053 14.88 T+M
9 Hogé e Qytetit-Prizren 421125 204123 T+M+P
10 Petrov-Kaorish-Prizren 42 14 26.41 2044 18.12 T+M+P
11 Shtérrpc 42 14 45 21123 T+M+P
12 Kaganik Qytet 4213 36.41 21 1452.23 T+M+P
13 Buzovik-Viti 4217 6 212311 T+M+P
14 Gacké-Ferizaj 42 17 48.06 21 95.79 T+M+P
15 Gelanc-Suhareké 4218 48 2047 25.70 T+M+P
16 Gerqiné-Gjakové 42 17 53.05 2029 14.29 T+M
17 Begracé-Kaganik 42195 21158 T+M
18 Vranig-Suharek 42 19 50 20 54 56 T+M+P
19 Xérxe-Rahovec 42 21 27.53 20 33 3.89 T+M+P
20 Sojevé-Ferizaj 42 21 34.56 2113 8.63 T+M+P
21 Pozheran-Viti 42 21 18.26 21 200.51 T+M+P
22 Zhegér-Gjilan 42 22 33.08 21290.17 T+M
23 Mirosal-Ferizaj 42 24 19 2114 22 T+M
24 Mohoc-Ferizaj 42 23 11.36 217 32.27 T+M+P
25 Suharek Qytet 42 21 52.08 2049 57.16 T+M
26 Zagisht-Rahovec 42 22 57 2042 18 T+M+P
27 Cabrat-Gjakové 42 22 50.41 20 25 20.67 T+M+P
28 Moriné-Gjakové 42 24 16 201516 T+M+P
29 Te rrasa-Rahovec 42 25 58.74 2039 27.51 T+M
30 Semetisht-Suharek 42 23 32 20 48 36 T+M
31 Petrové-Shtime 42 25 4.03 2125.52 T+M+P
32 Drenoc | Zatrigit-Rahovec 42 25 58.97 20 36 56.72 T+M+P
33 Gumnishté-Gjilan 42 27 17.68 212219.84 T+M
34 Ngucat-Malishevé 42 27 14.42 2050 52.45 T+M+P
35 Marali-Malishevé 42 27 7.82 20 4351.05 T+M+P
36 Zborc-Shtime 422811 2059 60 T+M+P
37 Palabardh-Gjakové 42 2751 20 24 26 T+M
38 Panorc-Malishevé 42 29 35 20 36 54 T+M+P
39 Lubizhdé-Malishevé 42 30 25 204150 T+M+P
40 Terpezé-Malishevé 42 319.36 20 49 39.77 T+M+P
41 Blinajé-Lipjan 42 3117.33 2059 57.82 T+M
42 Lipjan-gytet 42 3113 21746 T+M+P
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43 Sllovi-Lipjan 42 30 48.97 21 1555.84 T+M+P
44 Kosage-Gjilan 42 30 22 21 29 26 T+M
45 Voksh-Degan 42 30 28.78 20 16 18.42 T+M+P
46 Isnig-Decan 42 33 24.42 2018 22.61 T+M+P
47 Bubavec-Malishevé 42 33 6.63 20 43 25.83 T+P+M
48 Cikatové-Drenas 42 39 8.41 2053 24.78 T+M
49 Cerovik-Kliné 42 357.33 20 44 19.67 T+M+P
50 Llapushnik-Drenas 42 35 15.01 2051 49.98 T+M
51 Harilag-F.Kosové 42 3511.96 21016.82 T+M+P
52 Bardh | Madh-F. Kosové 42 38 0.87 21053.17 T+M
53 Gracanicé-Prishtiné 42 36 25.08 2111 39.43 T+M
54 Janjeve-Lipjan 42 34 14.09 21 14 54.47 T+M+P
55 Shipashnicé e Epérme- 42 34 34 21400 T+M
Kamenicé
56 Artané(Novobérdg) 42 36 35 2126 6 T+M+P
57 Korreticé e Epérme-Drenas 42 35 49.55 2056 1.69 T+M+P
58 Sverké-Kliné 42 32 48.56 20 36 54.48 T+M+P
59 Strellc-Degan 42 34 59 201813 T+M+P
60 Leshan-Pejé 42 37 40.58 20 26 21.26 T+M
61 Zatra-Pejé 42 39 12.88 20 16 55.96 T+M+P
62 Zahag-Pejé 42 39 15.38 20 22 55.47 T+M+P
63 Kling-qytet 42 37 31 20 3450 T+M+P
64 Polluzhé-Drenas 42 40 36.31 2049 15.80 T+M
65 Fushé Kosové qytet 42 38 5.60 21546.54 T+M+P
66 Hajnoc-Kamenicé 42 38 60 213244 T+M
67 Sofali-Prishtiné 42 39 58 211151 T+M+P
68 Prishtiné-prronicaj 42 39 29.81 217 39.58 T+M+P
69 Mramor-Prishtiné 42 41 21 21163 T+M+P
70 Bardhosh-Berrnic e Eperme- | 42 42 45.85 21919.85 T+M+P
Prishtiné
71 Obilig-Qytet 42 40 48 21522 T+M+P
72 Hade-Obiliq 42 40 16 21134 T+M
73 Siboc-Obiliq 42 41 8.22 210 30.88 T+M+P
74 Polac-Skenderaj 42 44 25 2049 17 T+M+P
75 Vajnik-Skenderaj 42 42 13.03 2040 49.41 T+M
76 Zallg-Istog 42 41 40.14 2030 7.54 T+M+P
77 Guri | Kug-Kugishté 42 41 3.13 204 57.54 T+M
78 Llutové-Rugové-Pejé 42 43 4.08 20 8 43.40 T+M+P
79 Novosell-Pejé 42 43 27 2019 45 T+M+P
80 Milloshevé-Obiliq 42434 2164 T+M
81 Sinajé-Istog 42 47 20.59 2031 4.94 T+M+P
82 Cercé-Istog 42 46 51.67 20 27 24.06 T+M+P
83 Padalishté-Skenderaj 42 47 8.85 20 39 20.27 T+M+P
84 Kliné e Epérme-Skenderaj 42 47 4.62 20 47 46.06 T+M+P
85 Bukosh-Vushtrri 42 48 28 2055 47 T+M+P
86 Dumnicé-Vushtrri 42 47 60 214 26 T+M+P
87 Frashér-Mitrovicé 4251 13.86 2053 23.35 T+M+P
88 Shupkofc-Mitrovicé 4252 31 2053 43 T+M+P
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89 Mitrovicé-qytet 42 52 25 2051 23 T+M+P
90 Kushtové-Mitrovicé 4252 39 2047 10 T+M+P
91 Kelmend-Zvegan-Mitrovicé 42 54 37 2052 21 T+M+P
92 Karag-Vushtrri 42 52 25 2059 44 T+M
93 Hertic-Podujevé 42536 21161 T+M+P
94 Zvecan-Mitrovicé 4254 34 20507 T+M
95 Letanc-Podujevé 42 56 25.74 2110 38.74 T+M+P
96 Kulla(Zvegan)-Mitrovicé 42 59 43 2048 42 T+M
97 Pakashtic e Eperme-Podujevé | 43124 21523 T+M+P
98 Krushevle-Mitrovicé 43 3 36 2048 51 T+M
99 Leposavic-Mitrovicé 432 27 20477 T+M
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Shtojcé 3.

Tabela 24. Rezultatet pér mjalté, polen dhe toké (0-5 dhe 20-30 cm)

Mjalté Polen (Toké/Dhera)
n=99 n=67 n=99+99

Unit Mnea Median Range Unit Mnea M?]dia Range Unit Mr?a Median Range
Al mg’ K 74 25 0.17-90 mg’ Koy 31 39200 Al % 16 14 0.22-4.6
As  ugkg 68 538 2.1-25 ngkg 36 23 098-380  As 3“9’ K 19 17 2.0-84
Ba mg/ K 29 2.8 0.094-6.5 mg’ Y 6 3532  Ba g“g’ K 290 280 72-660
Ca mg/ K10 o9 52-330 % o014 o013 0% ca % 15 071 008815
cd ugkg 23 16 098-270  pgkg 67 47 10330  Cd gmg’ K 067 039 0.1-8.8
Co ugkg 33 12 4.2-240 mg/ K02 o017 06(.)833?- Co ?9/ Ko o 14.1 1.3-720
cr mg/ K 038 o021 0.069-2.1 mg’ K 056 017 001013 Cr 3“9’ K 100 110 39-1800
Cu mg’ kKo 1.9 0.52-95 mg’ K71 66 1916  Cu gmg’ K 38 34 9.7-130
Fe mg/ K 46 4 057-15 mg/ Ko 7 66 16440 Fe % 25 22 1184
K mg/ K 970 900 12002800 % 041 04 023063 K % 1 1 0.23-1.8
Li  pgkg 220 100 10.5-2500 mg/ K 04 027 008825 Li gng/ ko g5 34 7.4-110
3" mg/ K 65 59 17-180 mg’ K 550 50  230-980 ';' % 084 056  0.066-6.2
M mg/ K24 19 0.15-8.0 mg’ K 16 13 sa55 M 3“9’ K 80 810 2405700
Na mg’ K 56 57 10.0-130 mg’ K 45 40 2096 Na % 044 038  0.023-1.9
Ni mg/ K 032 o025 0.024-1.2 mg’ K 39 36 08898  Ni g”g’ K 230 95 15-3300
P mg/ Ko s 71 18-190 % 035 033 015058 P 3“9’ K 600 500 80-5200
Pb mg’ K 02 o013 0.050-2.1 mg/ K 044 028 01162 Pb g‘g/ K 9 22 Oct-00
Sr mg/ K om o066 0.33-2.6 mg’ Ko 25 2 060-13  Sr g”g’ K 53 33 3.4-250
Zn mg/ K g 21 0.75-14 mg’ Ko o7 24 12-140  Zn 3“9’ Ko 120 o1 35-1100
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Abstract: The abundances of selected elements in different environmental compartments, namely
soil, honey, and bee pollen, was determined in this study. For that purpose, sixteen soil and honey
samples, and nine pollen samples were taken in the region of Mitrovica, Kosovo. The concentration
of elements was measured by ICP-AES and ICP-MS. Pollution level concentrations of Pb, Zn, As,
and Cd were observed in soil. The level of soil pollution was estimated by calculating pollution
indices. Pb was also observed at high concentrations in honey, as was Cd and Pb in pollen. Pearson’s
correlation coefficients revealed mostly weak and moderate correlations of the concentrations of the
eight selected elements among the soil, honey, and pollen samples. Several groups of elements with
geogenic and anthropogenic origin were identified by hierarchical cluster analysis. The concentra-
tions of selected heavy metals for soil and honey were compared to those in neighboring countries,
and those for pollen with samples from Turkey, Serbia, and Jordan.

Keywords: Mitrovica; honey; pollen; soil; multivariate analysis; pollution; elements.

1. Introduction

It is common knowledge that chemical elements are found everywhere in nature,
and that they are the building blocks of everything. Every chemical element has an irre-
placeable role in nature and the function of its entities. However, under the influence of
natural processes or human-driven ones, frequently, certain elements reach sites and con-
centrations whereby they can have adverse effects on living organisms. It has been shown
that metals can induce toxic effects on microorganisms [1-3]. Some metals are essential to
plants, playing a vital role in their development. However, the toxicity of certain elements,
and even that of fundamental nutrients when they surpass certain concentrations, has
been observed in various wild and agricultural plants [4-8].

Humans are also intensely exposed to potentially toxic elements because of indus-
trial development. Several researchers have shown various disturbing effects of these el-
ements on human health [9-12]. They are ingested with food and contaminated water.
They can also be inhaled as dust and fine airborne particulate matter, as may be deduced
from numerous reports on soil [13-17], water [17-19], food [20-22], and air pollution [23—
25].
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The subject of this investigation is the concentration of certain elements in soil, honey,
and honey bee pollen, with a focus on selected, potentially toxic elements, in the Mitrovica
region of Kosovo. The contamination of soils has been reported in many research cases
[13-17,26]. Sources of contaminants are of varying nature, e.g., emissions from automobile
engines [27,28], the metallurgic industry [14-16], the consumption of fossil fuels [29] and
other urban processes. Metallic and other elements have been found as contaminants in
honey [30,31] and honey bee pollen [32]. Elevated concentrations of potentially toxic ele-
ments in soils, as compared to background levels, are probably the most common indica-
tors of pollution [14,15,33]. However, many other components have been considered for
monitoring the presence of potentially toxic elements. Among these, honey and honey bee
pollen have been put forward as bioindicators. Given that beehives remain in their loca-
tion for long periods (there are also mobile beehive flocks), they accumulate nectar, water,
and pollen from a wide area, i.e., up to 7 km?, during foraging. Thus, with some hive
flocks, very large areas can be naturally sampled with very good temporal and spatial
representation. Although it has been shown that the mineral content of honey is strongly
influenced by botanical factors [34], pollution can easily reach it due to anthropogenic
activities [34,35]. Pollen is also considered as a bioindicator of pollution containing poten-
tially toxic elements, as it can acquire them through the root systems of plants or through
direct atmospheric deposition [32,36].

This study was conducted in the region of Mitrovica, Kosovo, which was expected to
be polluted, as the area hosts mines, a lead/zinc smelter, and a battery production plant.
In 2000, the lead/zinc smelter was put out of operation, when it was identified as source
of significant air pollution [37]; however, previously emitted contamination remains. At
present, only mining and ore concentration processes are still performed. The abundances
of eighteen elements in soil, multifloral honey and multifloral honeybee pollen were eval-
uated in the region of Mitrovica; however, this research focuses on eight of them, namely:
As, Cd, Co, Cr, Cu, Ni, Pb, and Zn. These elements were selected as they are widely re-
ported as pollutants in the literature, and were expected to be present in the atmosphere
of the studied area. An evaluation of the contamination of the area was performed through
a statistical analysis of the acquired data. The concentrations of these potentially toxic el-
ements were compared to values found for honey and pollen in articles published from
neighboring countries, i.e., Albania, North Macedonia, Montenegro, and Serbia. In the
case of pollen, concentrations were compared with those measured in countries such as
Turkey, Serbia, and Jordan. Possible correlations regarding selected elements between the
soil, honey, and pollen samples were also studied.

2. Materials and Methods
2.1. Study Area

The sampling area was the region of Mitrovica, which is located in the north of Ko-
sovo, and is 2077 km? in size (Figure 1). The sampling locations were numbered as follows:
1 (Polac), 2 (Vajnik), 3 (Padalishté), 4 (Kliné e epérme), 5 (Bukosh), 6 (Dumnicé), 7
(Frashér), 8 (Shupkofc), 9 (Mitrovicé), 10 (Kushtové), 11 (Zvegan), 12 (Karaq), 13 (Zvegan),
14 (Kulla), 15 (Krushevle) and 16 (Leposavig). The samples of soil and honey were col-
lected from 16 locations spread as homogeneously as possible (Figure 1), and honey bee
pollen samples were collected in 9 locations (3, 4, 5, 6,7, 8,9, 10 and 11).
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Figure 1. Map of the region of Mitrovica and sample site distribution.

2.2. Soil, Honey, Pollen Sampling

At each sampling point representing nonagricultural land, about 1 kg of 3 to 5 soil
subsamples in a 50 x 50 m area were taken. The soil samples were put into plastic bags,
brought in the laboratory for cleaning and homogenization, and then dried in an oven at
45°C for three days until constant dry mass was achieved. Once the soil was dried, it was
ground; then, subsamples were mixed to obtain a more representative sample, and the
obtained mixture was sieved through a 125 um sieve for better digestion. The sieved soil
was put in plastic containers and stored until further treatment. Honey samples were col-
lected directly from beehives using a wooden spoon, and were stored in plastic containers.
To collect pollen samples, a plastic grid equipped with a recipient was put at the entrance
of each hive, so that the pollen could be combed off the bees into the recipient. Pollen was
also stored in plastic containers.

2.3. Chemical Analysis

An amount of 0.25 g of each soil sample was put into a Teflon beaker, into which 5
mL 69% HNOs were added. The mixture was then heated until evaporation was complete.
After cooling, 5 mL HF and 1.5 mL HCIOs were added. Finally, after evaporation and
cooling, 1.5 mL HCl and 3 mL distilled water was added into the sample. The solutions
were then diluted to 25 mL in a volumetric plastic flask and sent for analysis.

Honey and pollen samples were digested in a microwave system; 0.5 g of honey or
pollen was put in the Teflon tube, into which 7 mL HNOs (69% V/V, trace pure, Merck,
Germany) and 2 mL H20z p.a. (30% V/V, Merck, Germany) were added, and a microwave
digestion system (Analytic Jena TOPwave, Jena, Germany) was applied with the follow-
ing program: 5 min up to 170°C, hold time of 10 min at 170°C, 1 min up to 200°C, hold
time of 15 min at 200°C , 1 min down to 50°C , and hold time of 23 min at 50°C . The
solutions obtained were then diluted to 25 mL in a volumetric flask and sent for analysis.

By the application of inductively coupled plasma-atomic emission spectrometry
(ICP-AES, Varian, model 715ES, Palo Alto, CA, USA), the concentrations of the following
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13 elements were determined: Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, Sr and Zn. Induc-
tively coupled plasma—mass spectrometry (ICP-MS, Plasma Quant ICP-MS, Analytic Jena,
Jena, Germany) was applied for the analysis of As, Cd, Co, Ni and Pb. Standard solutions
of the analyzed elements were prepared by dilution of 1000 mg/L solutions (11355-ICP
multi Element Standard, Merck, Darmstadt, Germany).

Both certified reference materials (NIST-SRM 2711a, Montana II Soil, National Insti-
tute of Standards & Technologies, Gaithersburg, MD, USA) and spiked intralaboratory
samples were analyzed at a combined frequency of 20% of the samples. The recovery for
all of the analyzed elements ranges from 76.8% for TI to 119% for Sb (for ICP-MS meas-
urements) and from 87.5% for Na to 112% for P (for ICP-AES measurements).

2.4. Methods for Estimating Pollution Indicators

In order to assess the level of pollution, five indices were calculated: contamination
factor (CF) [16], degree of contamination (Cd) [38], modified degree of contamination
(mCd) [39], pollution load index (PLI) [39,40], and geo accumulation index (Igeo) [41].

The formula used to calculate the contamination factor (CF) of each metal in the soil
samples was:

CF = Csiample/crieference 1

where CF is the contamination factor for heavy metal; Cisample is the measured value of

the heavy metal at 0-5 cm depth of soil; and Cireference are the parameters for calculation
concerning the background values, i.e., the European topsoil averages of potentially toxic
elements [42]. According to Hakanson [43], CF values may be assigned as follows: CF <
1—low contamination factor, 1 £ CF < 3—moderate contamination factor, 3 < CF < 6—
considerable contamination factor, and CF > 6 —very high contamination factor.

The degree of contamination (Cd) is defined as the sum of all contamination factors

of the investigated elements:
n=8
cd = Z CF, @)
n=1

The following classification proposed by Hakanson [43] was adopted to describe the
extent of contamination for the analyzed elements: Cd < 6: low contamination degree, 6 <
Cd <12: moderate contamination degree; 12 < Cd < 24: considerable contamination degree;
and Cd > 24: very high contamination degree.

To provide an overall average value for a range of pollutants, the Modified Degree
of Contamination (mCd) was calculated using the generalized formula:

n=8
— Zi=1 CFL'
n

mCy ®3)

where 7 is the number of analyzed element and CFi is the contamination factor. Abrahim
[39] proposed the following modified degree of contamination (mCd): mCd < 1.5—nil to
very low degree of contamination, 1.5 < mCd <2—low degree of contamination, 2 < mCd <
4—moderate degree of contamination, 4 < mCd < 8—high degree of contamination, 8 <
mCd < 16 —very high degree of contamination, 16 < mCd < 32—extremely high degree of
contamination, and mCd > 32 —ultra-high degree of contamination.

The PLI provides information about the abundance of the analyzed element in the
environment. The PLI of a single site is the n root of n number, multiplied with the con-
tamination factor (CF) values:

1
PLI = (CF1x CF2x CF3 x ...CFn)n (4)
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where CF is the contamination factor and # is the number of metals. When PLI is greater
than 1, it means that contamination exists, while if PLI is less than 1, there is no such con-
tamination.

To assess the contamination impact of potentially toxic elements in the soil, a com-
mon approach, the geoaccumulation index (Igeo), was used to calculate the concentrations
of elements relative to background or baseline concentrations. The method assesses the
degree of metal contamination in terms of seven classes, based on the increasing numeri-
cal values of the index. This index is calculated as follows:

_log2xC,

geo — Tq & B, ®)

where Cn is the concentration of the element in the enriched samples, and Bn is the aver-
age of European topsoil [42]. Miiller proposed the following descriptive classes for in-
creasing Igeo values [41]: Igeo > 5—extremely contaminated, Igeo from 4 to 5—strongly to
extremely contaminated, Igeo from 3 to 4 —strongly contaminated, Igeo from 2 to 3—mod-
erately to strongly contaminated, Igeo from 1 to 2—moderately contaminated, Igeo from 0
to 1 —uncontaminated to moderately contaminated, and Igeo < 0 uncontaminated.

All of the pollution indices in this work were calculated only for the eight selected
potentially toxic elements: As, Cd, Co, Cr, Cu, Ni, Pb, and Zn.

2.5. Statistical Analysis

Microsoft Excel and SPSS 12 software (StatSoft. Inc, TULSA, OK, USA) were used to
perform statistical analyses. Cluster analysis was also used to investigate the similarities
between element patterns from soil, honey, and pollen samples. Evaluations of similarity
between groups of cluster analyses were based on the Ward’s method [19].

3. Results and Discussions
3.1. Soil

Eighteen elements were evaluated in 16 soil samples collected throughout the region
of Mitrovica at depths 0-5 cm and 20-30 cm. To show the concentration of these elements,
basic statistical parameters such as mean, median, minimum and maximum concentration
are presented in Tables 1 and 2. The maximum concentrations of eight potentially toxic
elements at 0-5 cm depth in mg/kg were as follows: Pb (3610) > Ni (1263) > Zn (1116) > Cr
(1099) > As (272) > Cu (88.8) > Co (71.6) > Cd (8.80). The median of concentrations over the
whole sampling area for each element followed the order: Pb (166) > Zn (153) > Cr (102) >
Ni (94.7) > Cu (35.7) > Co (14.0) > As (8.16)> Cd (0.41). A particularly high concentration
of Pb was found in sample 11 (Mitrovicé—Zvegan), which is in accordance with the previ-
ous work [14]. Concentrations of over 500 mg/kg of Pb were found at sampling sites 7, 8,
and 14, whereas in 10 samples, the concentrations of Pb were over 100 mg/kg. Arsenic
concentration was relatively homogenously distributed, except in sample 8, which
showed a remarkably high value, i.e., 272 mg/kg. Spikes in concentrations were also ob-
served for Ni and Cr in sample 14, and Zn in sample 11. The high concentrations of Ni
and Cr in sample 14 may have been due to vehicle exhaust and wear of vehicle parts from
a regional road which almost surrounds it, and also from lead/zinc smelting facilities.
However, the geochemical composition of the soil may be the most important reason for
the high Ni and Cr concentrations in this location, because high concentrations of these
two metals were measured at depths of 20-30 cm. Concentrations over 50 mg/kg were
measured for Cu in samples 2, 3, 8, and 11, whereas Co exceeded 50 mg/kg only at sam-
pling point 14; in all other samples, its concentration was 40 mg/kg or less. The highest
concentration for Cd was observed at sampling point 8 and 3, with concentrations of 8.8
and 6.6 mg/kg respectively; all other values were about 1 mg/kg or lower. Although the
concentration of Cd was much lower than those of other metals, it stood out in comparison
to its concentration in other locations, except for that at sampling point 8, which was the
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highest. This increased concentration may have been a result of the dust transported by
wind from a gravel excavation site which is located nearby, in the north.

The concentrations of the selected elements agree in general with those reported in a
study by Sajn et al. [14]; however, some discrepancies may have arisen from the fact that
the area covered in the present work was larger, and not limited to the area around the
lead/zinc smelting site, where higher pollution would be expected. However, just as Sajn
et al. [14] indicated, most of the high concentrations of selected potentially toxic elements
were found around the lead/zinc smelting site, which is located just beside the city of Mi-
trovica. It is worth noting that the maximum lead concentration in this region significantly
exceeds the maximum concentration allowed for some industrial sites in neighboring
countries, namely Albania, Serbia, and North Macedonia [44—46]; see Table 1. Arsenic was
also found in higher concentrations than in soils surrounding industrial facilities in Voj-
vodina, Serbia [45], and North Macedonia [46]. However this comparison is relatively ac-
curate, because the dissolution method of soil samples in the aforementioned countries
was not the same (aqua regia, and sequential extraction) as in this work (total dissolution).

Table 1. Basic statistics of element concentrations in surface soil, i.e., 0-5 cm (in mg/kg), in Balkan countries.

Kosovo 2019 (Present Work); North Macedonia, 2010 [46]; Albania, 1998 Serbia, 2010 [45];
n=16 n =344 [44; n=8 n=45
Mean Median Range STD Mean  Median Range Range Mean  Median Range
22,608 19,331 8212-46,207 10,427 65,000 6600 900-11,000 - 20,399 20,417  10,444-31,386
25.4 8.16 2.01-272 66.2 15 10 1-720 - 6.55 6.52 1.09-21.4
251 247 157-449 87.0 500 430 6.0-2900 - - - -
26,570  11.347  2344-14,6582 37,474 28,000 13,000 500-350,000 2100-28,000 28,078 4734 24,062-68,422
1.37 0.41 0.10-8.8 2.53 0.81 0.30 0.10-110 2.0-14 0.36 0.33 0.21-1.27
17.1 14 4.23-71.6 16.0 18 17 0.50-150 130-476 10.8 9.97 5.31-24.1
175 102 45.7-1099 252 130 88 5.0-2700 91-3865 49.3 36.8 21.1-247
41 35.7 16.5-88.8 18.7 32 28 1.6-270 6.0-1107 28.0 22.8 13.6-94.4
24,936 23,287  14,69345381 8466 36,000 35,000 300-120,000 - 20,888 21,144  11,515-34,855
11,653 11,616  7619-15,812 2614 19,000 19,000 200-53,000 - 1531 1614 391-3013
7205 5451 2603-20,450 4850 13,000 9400 1200-130,000  10,400-25,300 18,201 13,805  6061-85,900
742 553 408-1983 407 1000 900 17-10,000 - 630 625 455-899
1868 1998 472-3415 944 13000 12000 130-60,000 - - - -
199 94.7 29.9-1263 296 78 46 2.1-2500 54-3579 51.6 39.9 23.5-230
752 627 524-1673 316 700 620 110-25,900 - - - -
487 167 15.5-3610 897 95 32 1.2-10,000 80-172 21.6 18.6 6.42-67.7
87.9 60.9 31.4-2508 62.2 190 140 21-1400 - - - -
224 153 69.6-1116 254 140 35 0.8-210 49-2495 65.9 51.3 33.4-192

On 28 August 2018, guidelines were approved by the government of Kosovo, i.e.,

decision No.13/62 [47]. According to these regulations, polluted soil is divided into three
categories regarding metal pollution; A —clean, B—acceptable contamination, but further
investigation is required, and C—high contamination and needs to be cleaned. The me-
dian concentrations of Pb, Zn, Ni, As, Cr measured in this investigation fell into category
G; those of Cd and Ni were between A and B, and that of Cu corresponded with category
A.

The highest concentrations of Pb and Zn, as well as other metals, were found around
the lead/zinc smelting site and the tailing waste dump. This was expected, since ore pro-
cessing emits fine particles which contain these elements. At sampling points 7, 8, 11, and
14, the concentration of lead corresponded to category C, whereas at sampling points 13,
15, and 16, it fell between category A and B. The rest of the sampling points corresponded
to category A.

Zinc concentrations fell within category B at sample 8, and category C for sample 11.
Higher concentrations of Cu were measured at sample points 2 and 3, and for Cd at sam-
ple point 3; those locations were the most distant from mineral processing facilities of
lead/zinc in Zvegan and Mitrovica, and as such, they corresponded to the category A. Ar-
senic corresponded to category C only at sampling points 8 and 11, and to category A in
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the remaining locations. In the case of Cr, all samples corresponded to category A, except
14, which was within category C. Most Co concentrations were within category A, except

for those from sampling sites 14 and 15, which were between A and B.

Table 2. Basic statistics of element concentrations in the subsurface soil, i.e., 20-30 cm (in mg/kg).

Al As Ba Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb Sr Zn

Mean 22,889 9 286 30,100 1 19 197 35 25890 12,059 6896 686 1889 219 617 252 100 190
Midla 22,023 7 232 12,399 014 13 96 34 24,594 13,026 5315 553 1979 91 527 135 73 130
Min 9962 1 114 1288 0.1 3 50 15 15354 6513 1763 384 227 22 309 5 27 47
Max 41,202 20 505 152,162 9 97 1429 57 55,976 16,57224,6261350 3783 1648 2040 1398 251 497
STD 10,329 5.18 120 41,431 2.29 232 344 11 9894 3007 5497 292 1133 403 435 362 71 143

In Table 2, the basic statistical parameters for elements in subsoil samples with a
depth of 20-30 cm are shown. The maximum values of selected potentially toxic elements
(in mg/kg) in increasing order were: Ni (1648) > Cr (1429) > Pb (1398) > Zn (497) > Cu (57)
> As (20) > Co (13) > Cd (9). The median values are Pb (135) > Zn (130) > Cr (96) > Ni (91)
> Cu (34) > Co (19) > As (7) > Cd (0.14). The concentration of Pb in soil at a depth of 20-30
cm was lower than at a depth of 0-5 cm. Its highest value, 1398 mg/kg, was measured at
location 7, whereas at locations 11, 13, and 14, it was 631, 291, and 447 mg/kg, respectively.
The rest of the values were under 200 mg/kg. Unlike at 0-5 cm depth, at 20-30 cm, the As
concentration was far lower: in sample 8, its concentration was 6.43 mg/kg; in samples 7,
10, 11, and 16, it ranged between 10 and 20 mg/kg, whereas the rest of the samples had a
concentration below 10 mg/kg. Ni and Cr were found at high concentrations at location
14 (at 0-5 cm depth). Zn was found in concentrations between 200-500 mg/kg at five lo-
cations in increasing order 7 > 12 > 8 > 11 > 14. Cu was more homogeneously distributed,
with most of its concentrations being between 20-40 mg/kg. Its highest concentration was
detected at sampling points 7 (57.2 mg/kg) and 2 (54.2 mg/kg). The highest concentration
of Co was observed at sample location 14 (97.0 mg/kg); the other values were 35 mg/kg or
less. For Cd, only at point 7 was it close to 9 mg/kg; elsewhere, concentrations were 3
mg/kg or below.

The CF values for each sampling point for the selected potentially toxic elements are
given in Table 3. The CF values varied greatly among the samples, from those indicating
low contamination, moderate contamination, and highly contaminated. The highest CF
was found for Pb in sample 11, with a value of 157. Extremely high CF were also found
for Ni in sample 14 (70.2), Cd in sample 8 (58.7), and As in sample 8 (38.9).

Table 3. Contamination factors (CF) of selected elements for each sampling site.

No As Cd Co Cr Cu Ni Pb Zn
1 0.29 0.67 0.54 0.92 2.75 6.42 3.03 1.38
2 0.92 0.92 2.31 2.55 4.77 16.9 2.93 2.35
3 1.60 43.9 1.76 0.89 411 3.99 1.09 1.40
4 0.38 3.13 1.17 1.48 2.35 3.89 3.06 1.65
5 1.24 1.17 2.80 2.72 2.57 10.6 6.49 2.35
6 1.17 0.67 0.78 0.76 1.27 1.66 0.88 1.34
7 1.00 8.53 1.55 1.30 2.06 3.79 26.7 5.67
8 38.9 58.7 1.93 1.74 5.40 6.62 54.7 6.88
9 0.73 0.64 0.80 1.38 2.77 4.68 7.94 3.26
10 1.16 6.20 2.23 3.39 2.74 15.4 0.67 1.89
11 4.57 6.60 1.83 1.99 6.83 5.58 157 215
12 0.83 0.99 0.68 1.58 2.45 3.36 4.37 5.33
13 1.52 5.33 1.79 1.66 2.19 4.90 16.4 2.83
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14 0.76 5.11 9.18 18.32 2.98 70.2 30.5 5.21
15 1.53 1.51 391 3.84 3.15 143 11.0 3.04
16 1.55 2.37 1.81 2.06 2.09 4.95 12.11 3.04
The contamination degree values are given in Table 4. All samples fell within the Cd
interval values for considerable or very high contamination degree. The most extreme Cd
values were observed for samples 11 (206), 8 (175), and 14 (142). As can be seen in Table
4, only sample 6 showed a low modified degree of contamination (mCd); then, there were
samples with moderate, high, and very high degrees of contamination. Samples 8, 11, and
14 were extremely contaminated, with mCd, 21.9, 25.7, and 17.8 respectively. Table 4 also
shows that there was no sample with a PLI less than 1, which indicated that the whole
area of the region of Mitrovica is polluted with potentially toxic elements. The most pol-
luted site was revealed to be location 8, with PLI 10.0, followed by 14, with PLI 8.26, and
11, with PLI 7.83.
Table 4. Degree of contamination (Cd), modified degree of contamination (mCd), and pollution
load index (PLI) for each sampling site.
No Cd mCd PLI
1 16.0 2.00 1.28
2 33.6 421 2.69
3 58.8 7.35 2.69
4 17.1 2.14 1.77
5 29.9 3.74 2.87
6 8.54 1.07 1.02
7 50.6 6.33 3.46
8 175 21.9 10.0
9 222 2.78 191
10 33.7 421 2.71
11 206 25.7 7.83
12 19.6 2.45 1.90
13 36.7 4.58 3.24
14 142 17.8 8.26
15 42.3 5.28 3.89
16 30.0 3.75 291
According to the Igeo classification (Table 5), only samples 11 and 8 appeared to be
extremely contaminated with Pb. Samples 14 and 8 were extremely contaminated with Ni
and Cd, respectively (Table 5). Sample 8 was strongly contaminated with As. Co, Cd, and
As were the least abundant contaminants, followed by Cr and Zn, whereas Ni and Pb had
the highest Igeo values.
Table 5. Geoaccumulation index (Igeo) of selected elements for each sampling site.
No Igeo(As) Igeo(Cd)  Igeo(CO)  Igeo(Cr)  Igeo(Cu) Igeo(Ni) Igeo(Pb) Igeo(Zn)
1 -2.388 -1.170 -1.47 -0.70 0.88 2.10 1.02 -0.12
2 -0.711 -0.705 0.62 0.76 1.67 3.49 0.97 0.65
3 0.091 4.872 0.23 -0.75 1.45 141 -0.46 -0.10
4 -1.991 1.063 -0.36 -0.02 0.65 1.37 1.03 0.14
5 -0.274 -0.363 0.90 0.86 0.78 2.81 211 0.65
6 -0.359 -1.170 -0.93 -0.98 -0.24 0.15 -0.77 -0.16
7 -0.589 2.508 0.05 -0.20 0.46 1.34 416 1.92
8 4.697 5.290 0.36 0.21 1.85 2.14 5.19 2.20
9 -1.032 -1.229 -0.90 -0.12 0.88 1.64 2.40 1.12
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10 -0.367 2.047 0.57 1.18 0.87 3.36 -1.16 0.34
11 1.608 2.138 0.29 041 2.19 1.89 6.71 3.84
12 -0.858 -0.595 -1.13 0.08 0.71 1.16 1.54 1.83
13 0.017 1.830 0.26 0.15 0.55 1.71 3.45 0.92
14 -0.979 1.769 2.61 3.61 0.99 5.55 4.34 1.80
15 0.028 0.013 1.38 1.36 1.07 3.25 2.87 1.02
16 0.045 0.658 0.27 0.46 0.48 1.72 3.01 1.02
A hierarchical cluster analysis is presented in Figure 2. The dendrogram constructed
by Ward’s method revealed six clusters. The first was associated with Ca, the second with
Al and Fe, the third with K and Mg, the forth with Na, the fifth with Zn, Mn, Pb, and the
sixth with As, Cd, Co, Cu, Sr, Cr and Ni. Clusters of Ca, Al and Fe, and K and Mg, are not
presented in Figure 2, as the aforementioned very high values obscured the data. Clusters
1,2, 3,5 and 6 were mostly related to the geochemical composition of the soil [14]. Cluster
5 appeared to be due to the anthropogenic activities, i.e., mainly from the lead smelting
sites in Zvecan and Mitrovica (samples 9, 11 and 13). Although elements in cluster 6 may
have been of geogenic origin, the concentrations of these elements and the pollution indi-
ces indicated that some sites were also polluted with As, Cd, Co, Cr, Ni, and Cu. The
increased concentrations of these elements also originated from mineral processing at the
aforementioned lead and zinc smelting sites [14,48].
As
cd
Co
Cu
Sr -
]
Ni —
Zn ]
Mn
Pb

1000 2000 3000 4000 5000 6000
Linkage Distance

Figure 2. Hierarchical cluster dendrogram for elements in soil.

3.2. Honey

Multifloral honey samples were collected at the same locations as the soil samples,
and after analysis, the maximum concentrations in mg/kg for selected elements were as
follows (Table 6): Cu (2.98) > Pb (2.10) > Zn (1.90) > Cr (0.84) > Ni (0.22) > As (0.12) > Cd
(0.04) > Co (0.03), and median values: Cu (1.33) > Zn (0.73) > Pb (0.42) > Ni (0.13) > Cr (0.1)
> As (0.04) > Cd (0.02) > Co (0.01). Samples from seven sampling locations showed Cu
concentrations between 1.52 -2.98 mg/kg; at the other sites, these values were 1.24 mg/kg
or lower. A spike in the lead concentration was observed at site 11; five other locations fell
within the range of 0.55-1.14 mg/kg, and the concentrations of Cu in the rest of the sam-
ples were under 0.5 mg/kg. Samples 6, 7, 8, 10, and 16, had concentrations of Zn between
1.04-1.9 mg/kg, while in the rest of them, it was below 1 mg/kg. Cr spikes were identified
in samples 4, 6, 9, 11, with concentrations between 0.37-0.84 mg/kg; at point 3, it was 0.2
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mg/kg, and in all other samples, it was 0.1 mg/kg. The highest concentration of As was
measured in the sample from location 4, whereas the rest of the concentrations ranged
between 0.02-0.06 mg/kg. Most of the Cd concentrations were between 0.01-0.044 mg/kg,
while most of the Co concentrations were around 0.01 mg/kg.

The most abundant of the eight selected potentially toxic elements in honey was Cu,
with a median of 1.33 mg/kg and a maximum concentration of 2.98 mg/kg. A comparison
among three Balkan countries is given below (Table 6). The median for Cu was higher
than that measured in honey from the whole territory of North Macedonia, which was
0.69 mg/kg, while the maximum concentration, i.e., 2.98 mg/kg, was lower compared to
that measured in North Macedonia, i.e., 5.9 mg/kg [49]. However, the mean concentration
of Cu (1.57 mg/kg) was higher than those found in Montenegro [50] and Serbia [51]. Lead
mean concentration (0.54 mg/kg) was higher than that found in Serbia (0.0064 mg/kg) [51]
and in honey from some locations in Montenegro [50] (with a maximum mean of 0.21
mg/kg). The median value for zinc (0.73 mg/kg) was lower than that of North Macedonia
(2.3 mg/kg) [49], whereas the mean concentration was lower than in honey samples from
the countries mentioned. The Cr mean value was higher than in Serbia (0.0053 mg/kg) and
lower than in some areas in Montenegro. The Ni mean (0.14 mg/kg) was close to that in
Serbia (0.129 mg/kg). The As mean concentration in honey from the Mitrovica region was
0.04 mg/kg, i.e., higher than in Serbia. Cd was present with a median of 0.02 mg/kg, which
was higher than that in North Macedonia (0.0031 mg/kg)

Table 6. Basic statistics of elements concentration in honey (in mg/kg) in Balkan countries.

Kosovo, 2019 (Present Work) North Macedonia, 2007 [49] Montenegro, 2020 [50] Serbia, 2010 [51]
n=16 n=123 n=24 n=32

Mean Median Range STD Mean Median Range Mean Range Mean Range
2.59 1.99 0.49-9.10 2.09 - - - - - - -

0.04 0.04 0.02-0.12 0.02 - - - - - 0.00168 0.001-0.0054
0.09 0.07 0.01-0.20 0.06 - - 0.29 ND-1.44 - -

19.06 15.66 8.84-59.07  12.04 51 41 4.1-170 93.25 48.88-152 107.8 17.47-173.4
0.02 0.02 0.01-0.04 0.01  0.010  0.0031 0.001-0.27 0.02 ND-0.08 0.00265 0.001-0.0064
0.01 0.01 ND-0.03 0.007 - - - - - 0.0155 0.004-0.078
0.23 0.10 0.10-0.84 0.24 - - - 0.44 0.10-1.13 0.00528 0.002-0.0207
1.57 1.33 0.52-2.98 0.80 14 0.69 0.023-5.9 0.64 0.31-0.98 0.1939 0.06535-0.407
5.87 4.41 1.93-14.9 3.88 1.9 15 0.028-7.0 10.14 3.95-15.93 1.98 0.57-7.02
858 775 121-2398 594 1205 1021 169-3323 1617.92 713-2589.33 943.9 334.1-2263
15.6 14.4 3.22-33.5 8.92 30 15 4.4-182 50.50 29.52-76.33 28.71 6.07-48.79
1.36 1.04 0.15-4.47 1.24 7.2 1.1 0.16-82 - - 0.78 0.16-4.94
3.53 3.0 1.79-12.6 2.47 33 31 5.9-150 47.57 34.61-63.94 15.30 2.46-92.73
0.14 0.13 0.02-0.22 0.05 - - - - - 0.1296 0.0503-0.3875
39.2 33.4 17.7-79.9 17.4 - - - - - - -

0.54 0.42 0.05-2.10 0.5 - - - 0.05 ND-0.21 0.0064 0.002-0.0176
0.10 0.10 0.04-0.28 0.06 - - - 0.03 ND-0.12 - -

0.80 0.73 0.18-1.90 0.53 3.3 2.3 0.31-15 49-2495 3.43 0.62-19.17

According to the Food and Agricultural Organisation and World Health Organisa-
tion (FAO/WHO) codex Alimentarius CXS 193-1995 [52], the maximum concentrations of
As, Cd and Pb permitted in food, as recommended by the Codex Alimentarius Commis-
sion, are different for different foods (there are no national standards for potentially toxic
elements in food, or honey and pollen particularly, in Kosovo). For As, the permitted max-
imum concentration in foods ranges from 0.1-0.5 mg/kg; for Cd, the permitted concentra-
tion range is 0.003—2 mg/kg; and for Pb, it is 0.03-0.4 mg/kg. Except for the Pb median
concentration (0.42 mg/kg), which is only a little higher than the maximum permitted by
the FAO/WHO recommendation (0.4 mg/kg), As and Cd medians were quite lower than
the maximum concentrations recommended by FAO/WHO for these metals. However,
the Pb concentrations in many sampling sites exceeded the maximum recommended
value of 0.4 mg/kg, as in the following: location No. 1 (0.47), 6 (1.14), 7 (0.65), 8 (0.7), 10
(0.78), 11 (2.1), 12 (0.55) and 16 (0.46).
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A hierarchical clustering analysis is presented in Figure 3, in which four clusters can
be identified. Potassium stands out among all elements and forms the first cluster (not
presented in dendrogram). It was found to be the most abundant element in honey with
a median of concentration 775 mg/kg, followed by P (33.42 mg/kg); the origin of these
elements is natural, even though fertilizers may have contributed to such high concentra-
tions. Ca (15.7 mg/kg) and Mg (14.4 mg/kg) fall in the cluster two. The third cluster is
made up of Na, Mn, Cu, and Al, while the fourth contains Zn, Pb, Cr, Sr, Ni, Cd, and As.
Cluster three is probably of geogenic origin; these elements are absorbed by the root sys-
tems of plants over which the bees have been foraging, although some atmospheric prov-
enance is also possible in the form of windblown dust. The fourth cluster is mostly an-
thropogenic. The highest concentrations of Cu, Zn, Pb, Cr, Ni, were mostly observed in
samples around the cities of Mitrovica and Zvegan, where lead and zinc smelting sites are
located, indicating obvious anthropogenic origin. Moreover, Al, As, Cd, (although not all
in the same cluster) tended to be more concentrated in honey samples 7 to 13, which were
closer to industrial ore processing facilities around the city of Mitrovica.

Ca
Mg
0 10 20 30 40 50 60

Linkage Distance

Figure 3. Hierarchical cluster dendrogram for elements in honey.

3.3. Pollen

The basic statistics for elements are presented in Table 7. The maximum concentra-
tions of potentially toxic elements in honey bee pollen were in the following order: Zn
(31.7) > Cu (7.65) > Ni (3.16) > Pb (1.69) > Cr (0.28) > Co (0.23) > Cd (0.15) > As (0.02), and
the medians: Zn (26.5) > Cu (6.63) > Ni (2.0) > Cr (0.28) > Pb (0.2)> Co (0.12) > Cd (0.02) >
As (0.01). Zinc was found to be the most abundant from among the selected potentially
toxic elements in pollen, and was quite evenly distributed. Except for sample 3, in which
the concentration of Zn was 16.6 mg/kg, all other samples had concentration ranges of
23.7-31.7 mg/kg. The distribution of copper was also quite homogeneous, with concentra-
tions laying in the range of 5.66-7.65 mg/kg. The highest concentration of Pb was found
in samples 4 (1.69 mg/kg) and 5 (0.91 mg/kg), whereas other samples contained 0.25 mg/kg
or less. Cr was only detected in sample 3; in other samples, its concentration was too low
to be quantified.

Minerals are permanent constituents of pollen, and elements such as K, Ca, P, Mg,
Zn, Fe, Mn, Cu, Na and Cr, are frequently reported [53-55]. Some research in Serbia [53]
and Turkey [54] revealed that the most abundant elements in pollen are K, P, Ca, and Mg;
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see Table 7. In this study, the minimum and maximum concentrations of the same ele-
ments in mg/kg were 2902-4484 (K), 25034517 (P), 1018-1753 (Ca), and 393-762 (Mg). The
mean concentrations in mg/kg of Zn (26.01), Cu (6.6), and Cr (0.28) were lower than those
found in Turkey, i.e., Zn (29.15), Cu (10.4), and Cr (0.79), whereas mean Ni (2.11) in the
Mitrovica region was higher than that in Turkey (0.51) and Serbia (0.76). The mean con-
centrations found in Mitrovica for Pb were higher than those in Turkey, whereas Zn had
a higher mean than in Turkey. The maximum concentrations of Pb, Zn, and Cu in Jordan
exceeded those in Mitrovica, whereas the maximum concentration of Ni was higher in the
Mitrovica region. According to FAO/WHO codex Alimentarius CXS 193-1995 [52], the
maximum concentration of As measured in the region of Mitrovica was under the mini-
mum concentration permitted in some foods, i.e., 0.01 mg/kg. Cd and Pb exceeded the
minimum concentrations set for some foods, i.e., 0.03 mg/kg for Pb and 0.003 mg/kg for
Cd, but were lower than their permitted maximum of 2 mg/kg and 0.4 mg/kg respectively.

Table 7. Basic statistics of element concentrations in pollen (in mg/kg) in different countries.

Kosovo, 2019 (Present Work) Turkey, 2017 [54] Serbia, 2011 [53] Jordan, 2017 [55]
n=24 n=25 n =22
Mean Median Range STD Mean Range Mean Range
Al 33.2 31.7 8.96-57.7 16.2 - - 38.6 -
As 0.01 0.01 ND-0.02 0.008 0.391 0.006-1.035 - <0.02
Ba 4.66 4.72 3.47-6.25 1.12 - - 1.22 -
Ca 1234 1194 1018-1753 215 862.435 491.85-1472.10 1425 -
Cd 0.05 0.02 0.02-0.15 0.05 0.069 0.006-1.035 0.067 <0.005
Co 0.13 0.12 0.06-0.23 0.05 - - 0.047 -
Cr 0.28 0.28 0.28 - 0.793 0.124-1.595 0.26 -
Cu 6.61 6.63 5.66-7.65 0.59 10.418 3.728-14.994 7.8 0.032-11.388
Fe 59.0 59.4 22.0-94.3 22.5 203.165 30.719-725.36 70.1 -
K 3891 4026 29024484 428 1945.87 992.107-2894.15 3391 -
Mg 577 578 393-762 120 669.7 271.1-1278.3 749 641.38-1575.18
Mn 13.2 12.8 8.83-18.7 3.10 29.33 8.15-201.04 21.33 -
Na 37.0 37.6 21.3-45.3 8.59 - - 21.6 -
Ni 2.11 2.00 0.98-3.16 0.82 0.51 0.02-1.76 0.76 <0.01-2.839
P 3633 3780 25034517 607 2659.7 795.9-5247 - -
Pb 0.43 0.20 0.14-1.69 0.53 0.193 ND-0.479 - 0.03-2.567
Sr 3.09 3.27 1.99-4.50 0.97 - - 1.38 -
Zn 26.0 26.5 16.6-31.7 4.53 29.15 14.83-39.08 23.7 25.24-77.022

A cluster analysis with Ward’s method revealed three distinct groups of elements in
pollen (Figure 4). The first group was made up of K and P (not shown in the cluster), the
second comprised Ca and Mg, and the largest group was constituted of Mn, Cu, Sr, Ni,
Pb, Cr, Cd, As, Zn, Na, Al The first and second groups were of natural origin. Group three
included elements which are not used during in industrial process in the area of investi-
gation. However, Pb and particularly Zn are indicators of pollution because of mining and
ore processing activities, as are elements which are associated with their ores. An im-
portant pathway for the pollution of pollen with anthropogenic elements can be atmos-
pheric deposition, since pollen is exposed to open air and elements can be transported as
fine dust onto flowers [32].
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Figure 4. Hierarchical cluster dendrogram for elements in pollen.

3.4. Correlations between Three Types of Samples

According to the results shown in Figure 5, as expected, the highest values of all the
potentially toxic elements were found in soil (vertical axes in the first two rows of the
plots). Also, a higher concentration of a given metal in soil is not necessarily reflected in
pollen or honey. For example, although Cu concentrations in soil were lower than those
of Ni and Pb, in honey, they were higher. Also, if one element is found at higher concen-
trations in soil, it may be present at lower concentrations in honey. In Figure 5, the Pear-
son’s coefficients show that there was no correlation for As for soil-honey, Co for soil-
pollen, and Cd for soil-pollen. There were 11 weak correlations, six moderate, and only
two strong correlations. The strongest correlation was that for Pb between soil and honey,
with a value of 0.788, and for Ni in the pair honey—pollen, with a value of 0.728. Soil-
pollen and honey—pollen were the pairs with the greatest number of significant correla-
tions. Eight correlations were negative, despite the fact that in all cases, no correlation or
positive correlation was to be expected. The weak and negative correlations between con-
centrations of heavy metals in soil, honey and pollen can be attributed to the complexity
of honey and pollen collection by bees. The distribution of heavy metals in soil is quite
heterogeneous, and there is a large variety of plants which can absorb different elements
in different quantities through their root systems [56]. Honey, and particularly pollen, are
effected very much by dust. Bees forage in places such as dumps, when they can take
water or other materials which may be heavily polluted with heavy metals, leading to the
contamination of honey and pollen which is otherwise situated in a not heavily polluted
area.
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Figure 5. Pearson’s correlation coefficients of selected element concentrations among three sample types: soil, honey, and

pollen.

4. Conclusions

An investigation into the concentrations of certain elements in soil, honey, and pollen
was conducted in the region of Mitrovica, Kosovo. Extremely high concentrations of Pb,
Zn, and Ni were found around the lead and zinc smelting sites in the towns of Mitrovica
and Zvecan. As and Cr were also present in very high concentrations at locations close to
an ore processing facility in Mitrovica. Pollution indices showed values indicating not
polluted areas, moderately polluted areas, and extremely polluted ones, particularly with
lead and zinc.

Cluster analyses revealed groups of elements related to sources of pollution, and also
those that are usually expected to be of geogenic origin. It can be said that the soil in the
region of Mitrovica, mostly around the industrial facilities, is highly polluted with poten-
tially toxic elements. In honey and pollen, lead concentrations were concerning, and zinc
was particularly abundant in pollen. The correlations between types of samples for each
selected potentially toxic element were mostly weak and moderate. There were, however,
important correlations indicating some pollution transfer from one environmental com-
partment to another. Also, since this is the first research on honey and pollen in the entire
region of Mitrovica, more research should be conducted in order to more thoroughly eval-
uate the contamination situation of these two natural products. The lead/zinc smelting
sites in Mitrovica have not been in operation since 2000; however, the ore concentration
process should be improved to reduce dust emissions. Clearly, a strong source of pollu-
tion are tailings dumps, as fine particles are transported from them toward the surround-
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ing environment. To prevent the spread of pollution, such should be covered with unpol-
luted soil or concrete. Another possibility is to transport the tailings into the cavities cre-
ated in more remote areas during gravel excavation, and then to cover them with soil.

Author Contributions: Conceptualization, M.P. and T.S.; methodology, M.P. and T.S.; software,
M.K.M.; validation, M.P. and T.S.; formal analysis, T.S., G.K., M.P. and K.T.; investigation, G.K.;
resources, M.P., T.S.; writing—original draft preparation, G.K. and F.S.; writing—review and edit-
ing, M.P., F.S,, T.S. and M.K.M,; visualization, F.S. and M.K.M.; supervision, M.P., T.S.; project
administration, M.P.; funding acquisition, G.K. and M.P. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Acknowledgments: We thank the Ministry of Agriculture Forestry and Rural Development of
Republic of Kosovo, and Professor Ekrem Gjokaj for their support in collecting samples and col-
laboration during this project.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Rico, D.; Martin-Gonzalez, A.; Diaz, S.; De Lucas, M.P.; Gutiérrez, ].-C. Heavy metals generate reactive oxygen species in ter-
restrial and aquatic ciliated protozoa. Comp. Biochem. Physiol. Part C Toxicol. Pharmacol. 2009, 149, 90-96,
doi:10.1016/j.cbpc.2008.07.016.

Madoni, P.; Romeo, M.G. Acute toxicity of heavy metals towards freshwater ciliated protists. Environ. Pollut. 2006, 141, 1-7,
doi:10.1016/j.envpol.2005.08.025.

Gallego, A.; Martin-Gonzalez, A.; Ortega, R.; Gutiérrez, J.C. Flow cytometry assessment of cytotoxicity and reactive oxygen
species generation by single and binary mixtures of cadmium, zinc and copper on populations of the ciliated protozoan Tetra-
hymena thermophila. Chemosphere 2007, 68, 647-661, doi:10.1016/j.chemosphere.2007.02.031.

Singh, S.; Parihar, P.; Singh, R.; Singh, V.P.; Prasad, S.M. Heavy Metal Tolerance in Plants: Role of Transcriptomics, Proteomics,
Metabolomics, and Ionomics. Front. Plant Sci. 2016, 6, 1143, d0i:10.3389/fpls.2015.01143.

Yadav, S.K. Heavy metals toxicity in plants: An overview on the role of glutathione and phytochelatins in heavy metal stress
tolerance of plants. S. Afr. J. Bot. 2010, 76, 167-179, doi:10.1016/j.sajb.2009.10.007.

Assche, F.; Clijsters, H. Effects of metals on enzyme activity in plants. Plant Cell Environ. 1990, 13, 195-206, doi:10.1111/j.1365-
3040.1990.tb01304.x.

Kiipper, H.; Andresen, E. Mechanisms of metal toxicity in plants. Metallomics 2016, 8, 269-285, doi:10.1039/c5mt00244c.
Clemens, S. Toxic metal accumulation, responses to exposure and mechanisms of tolerance in plants. Biochimie 2006, 88, 1707—
1719, doi:10.1016/j.biochi.2006.07.003.

Jan, A.T.; Azam, M,; Siddiqui, K.; Ali, A.; Choi, I.; Haq, Q. M.R. Heavy Metals and Human Health: Mechanistic Insight into
Toxicity and Counter Defense System of Antioxidants. Int. J. Mol. Sci. 2015, 16, 29592-29630, d0i:10.3390/ijms161226183.

Yi, Y.; Yang, Z.; Zhang, S. Ecological risk assessment of heavy metals in sediment and human health risk assessment of heavy
metals in fishes in the middle and lower reaches of the Yangtze River basin. Environ. Pollut. 2011, 159, 2575-2585,
doi:10.1016/j.envpol.2011.06.011.

Mishra, K.P.; Singh, V.K,; Rani, R.; Yadav, V.S.; Chandran, V.; Srivastava, S.P.; Seth, P.K. Effect of lead exposure on the immune
response of some occupationally exposed individuals. Toxicology 2003, 188, 251-259, d0i:10.1016/s0300-483x(03)00091-x.
Abdul, K.S.M,; Jayasinghe, S.S.; Chandana, E.P.; Jayasumana, C.; De Silva, P.M.C. Arsenic and human health effects: A review.
Environ. Toxicol. Pharmacol. 2015, 40, 828-846, doi:10.1016/j.etap.2015.09.016.

Motuzova, G.; Minkina, T.; Karpova, E.; Barsova, N.; Mandzhieva, S. Soil contamination with heavy metals as a potential and
real risk to the environment. . Geochem. Explor. 2014, 144, 241-246, doi:10.1016/j.gexplo.2014.01.026.

gajn, R.; Aliu, M; Stafilov, T.; Alijagi¢, J. Heavy metal contamination of topsoil around a lead and zinc smelter in Kosovska
Mitrovica/Mitrovicé, Kosovo/Kosové. ]. Geochem. Explor. 2013, 134, 1-16, doi:10.1016/j.gexplo.2013.06.018.

Stafilov, T.; éajn, R.; Pancevski, Z.; Boev, B.; Frontasyeva, M.V ; Strelkova, L.P. Heavy metal contamination of topsoils around a
lead and zinc smelter in the Republic of Macedonia. |. Hazard. Mater. 2010, 175, 896-914, doi:10.1016/j.jhazmat.2009.10.094.
Kerolli-Mustafa, M.; Fajkovi¢, H.; Roncevi, S.; Curkovic’, L. Assessment of metal risks from different depths of jarosite tailing
waste of Trepca Zinc Industry, Kosovo based on BCR procedure. J. Geochem. Explor. 2015, 148, 161-168, doi:10.1016/j.gex-
plo.2014.09.001.

Wu, Q.; Leung, J.Y.; Geng, X.; Chen, S.; Huang, X; Li, H.; Huang, Z.; Zhu, L.; Chen, J.; Lu, Y. Heavy metal contamination of soil
and water in the vicinity of an abandoned e-waste recycling site: Implications for dissemination of heavy metals. Sci. Total.
Environ. 2015, 506-507, 217-225, doi:10.1016/j.scitotenv.2014.10.121.



Int. ]. Environ. Res. Public Health 2021, 18, 2269 16 of 17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

Ahmad, J.U.; Goni, A. Heavy metal contamination in water, soil, and vegetables of the industrial areas in Dhaka, Bangladesh.
Environ. Monit. Assess. 2010, 166, 347-357, d0i:10.1007/s10661-009-1006-6.

Ferati, F.; Kerolli-Mustafa, M.; Kraja-Y1li, A. Assessment of heavy metal contamination in water and sediments of Trepga and
Sitnica rivers, Kosovo, using pollution indicators and multivariate cluster analysis. Environ. Monit. Assess. 2015, 187, 1-15,
do0i:10.1007/s10661-015-4524-4.

Dziubanek, G.; Piekut, A.; Rusin, M.; Baranowska, R.; Hajok, I. Contamination of food crops grown on soils with elevated heavy
metals content. Ecotoxicol. Environ. Saf. 2015, 118, 183-189, doi:10.1016/j.ecoenv.2015.04.032.

Ali, M.H.; Al-Qahtani, K.M. Assessment of some heavy metals in vegetables, cereals and fruits in Saudi Arabian markets. EQypt.
J. Aquat. Res. 2012, 38, 31-37, doi:10.1016/j.ejar.2012.08.002.

Cuadrado, C.; Kumpulainen, J.; Carbajal, A.; Moreiras, O. Cereals Contribution to the Total Dietary Intake of Heavy Metals in
Madrid, Spain. J. Food Compos. Anal. 2000, 13, 495-503, doi:10.1006/jfca.2000.0937.

Sawidis, T.; Marnasidis, A.; Zachariadis, G.; Stratis, J. A study of air pollution with heavy metals in Thessaloniki city (Greece)
using trees as biological indicators. Arch. Environ. Contam. Toxicol. 1995, 28, 118-124, doi:10.1007/bf00213976.

Onder, S.; Dursun, S. Air borne heavy metal pollution of Cedrus libani (A. Rich.) in the city centre of Konya (Turkey). Atmos-
pheric Environ. 2006, 40, 1122-1133, doi:10.1016/j.atmosenv.2005.11.006.

Allajbeu, S.; Qarri, F.; Marku, E.; Bekteshi, L.; Ibro, V.; Frontasyeva, M.V.; Stafilov, T.; Lazo, P. Contamination scale of atmos-
pheric deposition for assessing air quality in Albania evaluated from most toxic heavy metal and moss biomonitoring. Air Qual.
Atmos. Health 2016, 10, 587-599, d0i:10.1007/s11869-016-0453-9.

Spiteri, C.; Kalinski, V.; Rosler, W.; Hoffmann, V.; Appel, E.; Team, M. Magnetic screening of a pollution hotspot in the Lausitz
area, Eastern Germany: Correlation analysis between magnetic proxies and heavy metal contamination in soils. Environ. Earth
Sci. 2005, 49, 1, d0i:10.1007/s00254-005-1271-9.

Duong, T.T.; Lee, B.-K. Determining contamination level of heavy metals in road dust from busy traffic areas with different
characteristics. J. Environ. Manag. 2011, 92, 554-562, d0i:10.1016/j.jenvman.2010.09.010.

Li, F.-R.; Kang, L.-F.; Gao, X.-Q.; Hua, W.; Yang, F.-W.; Hei, W.-L. Traffic-Related Heavy Metal Accumulation in Soils and Plants
in Northwest China. Soil Sediment Contam. Int. J. 2007, 16, 473-484, d0i:10.1080/15320380701490168.

Yue, Y.; Liu, Z; Liu, Z.; Zhang, J.; Lu, M.; Zhou, J.; Qian, G. Rapid evaluation of leaching potential of heavy metals from munic-
ipal solid waste incineration fly ash. . Environ. Manag. 2019, 238, 144-152, d0i:10.1016/j.jenvman.2019.02.098.

Pacarizi, M.A ; Berisha, A.; Halili, J. Electrochemical assessment of the presence of some heavy metals in honey samples in the
industrial region of mitrovica (Kosovo). J. Environ. Prot. Ecol. 2019, 20, 170-176.

Jones, K.C. Honey as an indicator of heavy metal contamination. Water Air Soil Pollut. 1987, 33, 179-189, doi:10.1007/bf00191386.
Kalbande, D.M.; Dhadse, S.N.; Chaudhari, P.R.; Wate, S.R. Biomonitoring of heavy metals by pollen in urban environment.
Environ. Monit. Assess. 2007, 138, 233-238, d0i:10.1007/s10661-007-9793-0.

Baltas, H.; Sirin, M.; Gokbayrak, E.; Ozcelik, A.E. A case study on pollution and a human health risk assessment of heavy metals
in agricultural soils around Sinop province, Turkey. Chemosphere 2020, 241, 125015, doi:10.1016/j.chemosphere.2019.125015.
Bogdanov, S.; Haldimann, M.; Luginbiihl, W.; Gallmann, P. Minerals in honey: Environmental, geographical and botanical
aspects. J. Apic. Res. 2007, 46, 269-275, d0i:10.1080/00218839.2007.11101407.

Bilandzié, N.; Gacié, M.; Doki¢, M.; Sedak, M.; éipu§ic’, Durdica, I.; Koncurat, A.; Gajger, I.T. Major and trace elements levels in
multifloral and unifloral honeys in Croatia. J. Food Compos. Anal. 2014, 33, 132138, d0i:10.1016/j.jfca.2013.12.002.

Roman, A. Content of some trace elements in fresh honeybee pollen. Polish ]. Food Nutr. Sci. 2007, 57, 475-478.

Organization for Security and Co-operation in Europe OSCE Mission in Kosovo. Background Report Lead Contamination in Mi-
trovicé/Mitrovica Affecting the Roma Community February 2009; OSCE: Mitrovicé/Mitrovica, Kosovo, 2009; pp. 1-9.

Ozkan, E.Y. A new assessment of heavy metal contaminations in an eutrophicated bay (Inner Izmir Bay, Turkey). Turkish J. Fish.
Aquat. Sci. 2012, 12, 135-147, d0i:10.4194/1303-2712-v12_1_16.

Abrahim, G.M.S.; Parker, R.J. Assessment of heavy metal enrichment factors and the degree of contamination in marine sedi-
ments from Tamaki Estuary, Auckland, New Zealand. Environ. Monit. Assess. 2007, 136, 227-238, d0i:10.1007/s10661-007-9678-
2.

Tomlinson, D.L.; Wilson, J.G.; Harris, C.R.; Jeffrey, D.W. Problems in the assessment of heavy-metal levels in estuaries and the
formation of a pollution index. Helgol. Mar. Res. 1980, 33, 566-575, d0i:10.1007/bf02414780.

Miiller, G. Index of geo-accumulation in sediments of the Rhine River. Geol. J. 1969, 3, 108-118.

Salminen, R.; Tarvainen, T.; Demetriades, A.; Duris, M.; Fordyce, F.M.; Gregorauskiene, V.; Kahelin, H.; Kivisilla, J.; Klaver, G.;
Klein, H.; et al. FOREGS Geochemical Mapping Field Manual; 1998; Geological Survey of Finland (GTK): Espoo, Finland, Volume
22; ISBN 9516906931.

Hakanson, L. An ecological risk index for aquatic pollution control.a sedimentological approach. Water Res. 1980, 14, 975-1001,
doi:10.1016/0043-1354(80)90143-8.

Shallari, S.; Schwartz, C.; Hasko, A.; Morel, J. Heavy metals in soils and plants of serpentine and industrial sites of Albania. Sci.
Total. Environ. 1998, 209, 133-142, d0i:10.1016/s0048-9697(98)80104-6.

Spahi¢, M.P.; Sakan, S.; Cvetkovi¢, Zeljko; Tanci¢, P.; Trifkovi¢, J.; Niki¢, Z.; Manojlovi¢, D. Assessment of contamination, envi-
ronmental risk, and origin of heavy metals in soils surrounding industrial facilities in Vojvodina, Serbia. Environ. Monit. Assess.
2018, 190, 208, doi:10.1007/s10661-018-6583-9.



Int. ]. Environ. Res. Public Health 2021, 18, 2269 17 of 17

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Stafilov, T.; éajn, R. Spatial distribution and pollution assessment of heavy metals in soil from the Republic of North Macedonia.
J. Environ. Sci. Health Part A 2019, 54, 14571474, d0i:10.1080/10934529.2019.1656498.

Republic of Kosovo. Udhézim Administrativ Qrk Nr.11/2018 pér Vlerat Kufitare té Emisioneve té Materieve Ndotése té Toké, Republika
e Kosovés (Administrative Instruction of GRK No. 11/2018 on Limited Values of Emissions of Polluted Materials into Soil); Qeveria e
Republikés sé Kosovés: Prishtina, Kosovo, 2018.

Stafilov, T.; Aliu, M,; Sajn, R. Arsenic in Surface Soils Affected by Mining and Metallurgical Processing in K. Mitrovica Region,
Kosovo. Int. ]. Environ. Res. Public Health 2010, 7, 4050-4061, doi:10.3390/ijerph7114050.

Stankovska, E.; Stafilov, T.; éajn, R. Monitoring of trace elements in honey from the Republic of Macedonia by atomic absorption
spectrometry. Environ. Monit. Assess. 2007, 142, 117-126, doi:10.1007/s10661-007-9913-x.

Vukasinovic¢-Pesi¢, V.; Blagojevi¢, N.; Brasanac-Vukanovic, S.; Savi¢, A.; Pesi¢, V. Using Chemometric Analyses for Tracing the
Regional Origin of Multifloral Honeys of Montenegro. Foods 2020, 9, 210, doi:10.3390/foods9020210.

Spiri¢, D,; Ciri¢, J.; Pordevi¢, V.; Nikoli¢, D.; Jankovié, S.; Nikoli¢, A.; Petrovi¢, Z.; Katani¢, N.; Teodorovi¢, V. Toxic and essential
element concentrations in different honey types. Int. ]. Environ. Anal. Chem. 2019, 99, 474-485,
d0i:10.1080/03067319.2019.1593972.

Garcés, S.B. Ideas previas y cambio conceptual. Educ. Quimica 2018, 15, 210, d0i:10.22201/fq.18708404e.2004.3.66178.

Kostié, A. Z.; Pegi¢, M.B.; Mosié, M.D.; Dojc¢inovi¢, B.P.; Nati¢, M.M.; Trifkovic, ].D. Mineral content of bee pollen from Serbia /
Sadrzaj minerala u uzorcima pcelinjega peluda iz Srbije. Arch. Ind. Hyg. Toxicol. 2015, 66, 251258, doi:10.1515/aiht-2015-66-2630.
Altunatmaz, S.S.; Tarhan, D.; Aksu, F.; Barutcu, U.B.; Or, M.E. Mineral element and heavy metal (cadmium, lead and arsenic)
levels of bee pollen in Turkey. Food Sci. Technol. 2017, 37, 136-141, d0i:10.1590/1678-457x.36016.

Aldgini, HM.; Al-Abbadi, A.A.; Abu-Nameh, E.S.; Alghazeer, R.O. Determination of metals as bio indicators in some selected
bee pollen samples from Jordan. Saudi |. Biol. Sci. 2019, 26, 1418-1422, doi:10.1016/j.sjbs.2019.03.005.

Intawongse, M.; Dean, J.R. Uptake of heavy metals by vegetable plants grown on contaminated soil and their bioavailability in
the human gastrointestinal tract. Food Addit. Contam. 2006, 23, 3648, d0i:10.1080/02652030500387554.



International Journal of

Environmental Research
and Public Health

{

Article

Investigation of Concentration and Distribution of Elements in
Three Environmental Compartments in the Region of
Mitrovica, Kosovo: Soil, Honey and Bee Pollen

Granit Kastrati 1, Musaj Pacarizi >*, Flamur Sopaj 2, Krste Tasev 3, Trajce Stafilov ¢ and Mihone Kerolli Mustafa 5

Citation: Kastrati, G.; Pagarizi, M.;
Sopaj, F.; Tasev, S.; Stafilov, T.;
Kerolli Mustafa, M.K. Investigation
of Elements Concentration and
Distribution in Three Environmental
Compartments; Soil, Honey, and Bee
Pollen in the Region of Mitrovica,
Kosovo. Int. |. Environ. Res. Public
Health 2021, 18, 2269. https://doi.org/
10.3390/ijerph18052269

Academic Editor: Paul B.

Tchounwou

Received: 1 February 2021
Accepted: 21 February 2021
Published: 25 February 2021

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and insti-

tutional affiliations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC  BY)
(http://creativecommons.org/licenses

[by/4.0)).

license

1 Faculty of Agribusiness, University of Peja “Haxhi Zeka”, Street, UCK, 30000 Pejé, Kosovo;
granit.kastrati@unhz.eu

2 Department of Chemistry, Faculty of Mathematics and Natural Sciences, University of Prishtina, Mother
Teresa 5, 10000 Prishtina, Kosovo; flamursopaj@gmail.com

3 State Phytosanitary Laboratory, Bul. Aleksandar Makedonski bb, 1000 Skopje, North Macedonia;
tkrste@gmail.com

4 Institute of Chemistry, Faculty of Natural Sciences and Mathematics, Ss Cyril and Methodius University,

Arhimedova 5, 1000 Skopje, North Macedonia; trajcest@pmf.ukim.mk

Department of Environmental Management, International Business College Mitrovica, Bislim Bajgora nn,

40000 Mitrovica, Kosovo; m.kerolli@ibcmitrovica.eu

* Corresponding author: musaj.pacarizi@uni-pr.edu

a

Abstract: The abundances of selected elements in different environmental compartments, namely
soil, honey, and bee pollen, was determined in this study. For that purpose, sixteen soil and honey
samples, and nine pollen samples were taken in the region of Mitrovica, Kosovo. The concentration
of elements was measured by ICP-AES and ICP-MS. Pollution level concentrations of Pb, Zn, As,
and Cd were observed in soil. The level of soil pollution was estimated by calculating pollution
indices. Pb was also observed at high concentrations in honey, as was Cd and Pb in pollen. Pearson’s
correlation coefficients revealed mostly weak and moderate correlations of the concentrations of the
eight selected elements among the soil, honey, and pollen samples. Several groups of elements with
geogenic and anthropogenic origin were identified by hierarchical cluster analysis. The concentra-
tions of selected heavy metals for soil and honey were compared to those in neighboring countries,
and those for pollen with samples from Turkey, Serbia, and Jordan.

Keywords: Mitrovica; honey; pollen; soil; multivariate analysis; pollution; elements.

1. Introduction

It is common knowledge that chemical elements are found everywhere in nature,
and that they are the building blocks of everything. Every chemical element has an irre-
placeable role in nature and the function of its entities. However, under the influence of
natural processes or human-driven ones, frequently, certain elements reach sites and con-
centrations whereby they can have adverse effects on living organisms. It has been shown
that metals can induce toxic effects on microorganisms [1-3]. Some metals are essential to
plants, playing a vital role in their development. However, the toxicity of certain elements,
and even that of fundamental nutrients when they surpass certain concentrations, has
been observed in various wild and agricultural plants [4-8].

Humans are also intensely exposed to potentially toxic elements because of indus-
trial development. Several researchers have shown various disturbing effects of these el-
ements on human health [9-12]. They are ingested with food and contaminated water.
They can also be inhaled as dust and fine airborne particulate matter, as may be deduced
from numerous reports on soil [13-17], water [17-19], food [20-22], and air pollution [23—
25].
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The subject of this investigation is the concentration of certain elements in soil, honey,
and honey bee pollen, with a focus on selected, potentially toxic elements, in the Mitrovica
region of Kosovo. The contamination of soils has been reported in many research cases
[13-17,26]. Sources of contaminants are of varying nature, e.g., emissions from automobile
engines [27,28], the metallurgic industry [14-16], the consumption of fossil fuels [29] and
other urban processes. Metallic and other elements have been found as contaminants in
honey [30,31] and honey bee pollen [32]. Elevated concentrations of potentially toxic ele-
ments in soils, as compared to background levels, are probably the most common indica-
tors of pollution [14,15,33]. However, many other components have been considered for
monitoring the presence of potentially toxic elements. Among these, honey and honey bee
pollen have been put forward as bioindicators. Given that beehives remain in their loca-
tion for long periods (there are also mobile beehive flocks), they accumulate nectar, water,
and pollen from a wide area, i.e., up to 7 km?, during foraging. Thus, with some hive
flocks, very large areas can be naturally sampled with very good temporal and spatial
representation. Although it has been shown that the mineral content of honey is strongly
influenced by botanical factors [34], pollution can easily reach it due to anthropogenic
activities [34,35]. Pollen is also considered as a bioindicator of pollution containing poten-
tially toxic elements, as it can acquire them through the root systems of plants or through
direct atmospheric deposition [32,36].

This study was conducted in the region of Mitrovica, Kosovo, which was expected to
be polluted, as the area hosts mines, a lead/zinc smelter, and a battery production plant.
In 2000, the lead/zinc smelter was put out of operation, when it was identified as source
of significant air pollution [37]; however, previously emitted contamination remains. At
present, only mining and ore concentration processes are still performed. The abundances
of eighteen elements in soil, multifloral honey and multifloral honeybee pollen were eval-
uated in the region of Mitrovica; however, this research focuses on eight of them, namely:
As, Cd, Co, Cr, Cu, Ni, Pb, and Zn. These elements were selected as they are widely re-
ported as pollutants in the literature, and were expected to be present in the atmosphere
of the studied area. An evaluation of the contamination of the area was performed through
a statistical analysis of the acquired data. The concentrations of these potentially toxic el-
ements were compared to values found for honey and pollen in articles published from
neighboring countries, i.e., Albania, North Macedonia, Montenegro, and Serbia. In the
case of pollen, concentrations were compared with those measured in countries such as
Turkey, Serbia, and Jordan. Possible correlations regarding selected elements between the
soil, honey, and pollen samples were also studied.

2. Materials and Methods
2.1. Study Area

The sampling area was the region of Mitrovica, which is located in the north of Ko-
sovo, and is 2077 km? in size (Figure 1). The sampling locations were numbered as follows:
1 (Polac), 2 (Vajnik), 3 (Padalishté), 4 (Kliné e epérme), 5 (Bukosh), 6 (Dumnicé), 7
(Frashér), 8 (Shupkofc), 9 (Mitrovicé), 10 (Kushtové), 11 (Zvegan), 12 (Karaq), 13 (Zvegan),
14 (Kulla), 15 (Krushevle) and 16 (Leposavig). The samples of soil and honey were col-
lected from 16 locations spread as homogeneously as possible (Figure 1), and honey bee
pollen samples were collected in 9 locations (3, 4, 5, 6,7, 8,9, 10 and 11).
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Figure 1. Map of the region of Mitrovica and sample site distribution.

2.2. Soil, Honey, Pollen Sampling

At each sampling point representing nonagricultural land, about 1 kg of 3 to 5 soil
subsamples in a 50 x 50 m area were taken. The soil samples were put into plastic bags,
brought in the laboratory for cleaning and homogenization, and then dried in an oven at
45°C for three days until constant dry mass was achieved. Once the soil was dried, it was
ground; then, subsamples were mixed to obtain a more representative sample, and the
obtained mixture was sieved through a 125 um sieve for better digestion. The sieved soil
was put in plastic containers and stored until further treatment. Honey samples were col-
lected directly from beehives using a wooden spoon, and were stored in plastic containers.
To collect pollen samples, a plastic grid equipped with a recipient was put at the entrance
of each hive, so that the pollen could be combed off the bees into the recipient. Pollen was
also stored in plastic containers.

2.3. Chemical Analysis

An amount of 0.25 g of each soil sample was put into a Teflon beaker, into which 5
mL 69% HNOs were added. The mixture was then heated until evaporation was complete.
After cooling, 5 mL HF and 1.5 mL HCIOs were added. Finally, after evaporation and
cooling, 1.5 mL HCl and 3 mL distilled water was added into the sample. The solutions
were then diluted to 25 mL in a volumetric plastic flask and sent for analysis.

Honey and pollen samples were digested in a microwave system; 0.5 g of honey or
pollen was put in the Teflon tube, into which 7 mL HNOs (69% V/V, trace pure, Merck,
Germany) and 2 mL H20z p.a. (30% V/V, Merck, Germany) were added, and a microwave
digestion system (Analytic Jena TOPwave, Jena, Germany) was applied with the follow-
ing program: 5 min up to 170°C, hold time of 10 min at 170°C, 1 min up to 200°C, hold
time of 15 min at 200°C , 1 min down to 50°C , and hold time of 23 min at 50°C . The
solutions obtained were then diluted to 25 mL in a volumetric flask and sent for analysis.

By the application of inductively coupled plasma-atomic emission spectrometry
(ICP-AES, Varian, model 715ES, Palo Alto, CA, USA), the concentrations of the following
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13 elements were determined: Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, Sr and Zn. Induc-
tively coupled plasma—mass spectrometry (ICP-MS, Plasma Quant ICP-MS, Analytic Jena,
Jena, Germany) was applied for the analysis of As, Cd, Co, Ni and Pb. Standard solutions
of the analyzed elements were prepared by dilution of 1000 mg/L solutions (11355-ICP
multi Element Standard, Merck, Darmstadt, Germany).

Both certified reference materials (NIST-SRM 2711a, Montana II Soil, National Insti-
tute of Standards & Technologies, Gaithersburg, MD, USA) and spiked intralaboratory
samples were analyzed at a combined frequency of 20% of the samples. The recovery for
all of the analyzed elements ranges from 76.8% for TI to 119% for Sb (for ICP-MS meas-
urements) and from 87.5% for Na to 112% for P (for ICP-AES measurements).

2.4. Methods for Estimating Pollution Indicators

In order to assess the level of pollution, five indices were calculated: contamination
factor (CF) [16], degree of contamination (Cd) [38], modified degree of contamination
(mCd) [39], pollution load index (PLI) [39,40], and geo accumulation index (Igeo) [41].

The formula used to calculate the contamination factor (CF) of each metal in the soil
samples was:

CF = Csiample/crieference 1

where CF is the contamination factor for heavy metal; Cisample is the measured value of

the heavy metal at 0-5 cm depth of soil; and Cireference are the parameters for calculation
concerning the background values, i.e., the European topsoil averages of potentially toxic
elements [42]. According to Hakanson [43], CF values may be assigned as follows: CF <
1—low contamination factor, 1 £ CF < 3—moderate contamination factor, 3 < CF < 6—
considerable contamination factor, and CF > 6 —very high contamination factor.

The degree of contamination (Cd) is defined as the sum of all contamination factors

of the investigated elements:
n=8
cd = Z CF, @)
n=1

The following classification proposed by Hakanson [43] was adopted to describe the
extent of contamination for the analyzed elements: Cd < 6: low contamination degree, 6 <
Cd <12: moderate contamination degree; 12 < Cd < 24: considerable contamination degree;
and Cd > 24: very high contamination degree.

To provide an overall average value for a range of pollutants, the Modified Degree
of Contamination (mCd) was calculated using the generalized formula:

n=8
— Zi=1 CFL'
n

mCy ®3)

where 7 is the number of analyzed element and CFi is the contamination factor. Abrahim
[39] proposed the following modified degree of contamination (mCd): mCd < 1.5—nil to
very low degree of contamination, 1.5 < mCd <2—low degree of contamination, 2 < mCd <
4—moderate degree of contamination, 4 < mCd < 8—high degree of contamination, 8 <
mCd < 16 —very high degree of contamination, 16 < mCd < 32—extremely high degree of
contamination, and mCd > 32 —ultra-high degree of contamination.

The PLI provides information about the abundance of the analyzed element in the
environment. The PLI of a single site is the n root of n number, multiplied with the con-
tamination factor (CF) values:

1
PLI = (CF1x CF2x CF3 x ...CFn)n (4)
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where CF is the contamination factor and # is the number of metals. When PLI is greater
than 1, it means that contamination exists, while if PLI is less than 1, there is no such con-
tamination.

To assess the contamination impact of potentially toxic elements in the soil, a com-
mon approach, the geoaccumulation index (Igeo), was used to calculate the concentrations
of elements relative to background or baseline concentrations. The method assesses the
degree of metal contamination in terms of seven classes, based on the increasing numeri-
cal values of the index. This index is calculated as follows:

_log2xC,

geo — Tq & B, ®)

where Cn is the concentration of the element in the enriched samples, and Bn is the aver-
age of European topsoil [42]. Miiller proposed the following descriptive classes for in-
creasing Igeo values [41]: Igeo > 5—extremely contaminated, Igeo from 4 to 5—strongly to
extremely contaminated, Igeo from 3 to 4 —strongly contaminated, Igeo from 2 to 3—mod-
erately to strongly contaminated, Igeo from 1 to 2—moderately contaminated, Igeo from 0
to 1 —uncontaminated to moderately contaminated, and Igeo < 0 uncontaminated.

All of the pollution indices in this work were calculated only for the eight selected
potentially toxic elements: As, Cd, Co, Cr, Cu, Ni, Pb, and Zn.

2.5. Statistical Analysis

Microsoft Excel and SPSS 12 software (StatSoft. Inc, TULSA, OK, USA) were used to
perform statistical analyses. Cluster analysis was also used to investigate the similarities
between element patterns from soil, honey, and pollen samples. Evaluations of similarity
between groups of cluster analyses were based on the Ward’s method [19].

3. Results and Discussions
3.1. Soil

Eighteen elements were evaluated in 16 soil samples collected throughout the region
of Mitrovica at depths 0-5 cm and 20-30 cm. To show the concentration of these elements,
basic statistical parameters such as mean, median, minimum and maximum concentration
are presented in Tables 1 and 2. The maximum concentrations of eight potentially toxic
elements at 0-5 cm depth in mg/kg were as follows: Pb (3610) > Ni (1263) > Zn (1116) > Cr
(1099) > As (272) > Cu (88.8) > Co (71.6) > Cd (8.80). The median of concentrations over the
whole sampling area for each element followed the order: Pb (166) > Zn (153) > Cr (102) >
Ni (94.7) > Cu (35.7) > Co (14.0) > As (8.16)> Cd (0.41). A particularly high concentration
of Pb was found in sample 11 (Mitrovicé—Zvegan), which is in accordance with the previ-
ous work [14]. Concentrations of over 500 mg/kg of Pb were found at sampling sites 7, 8,
and 14, whereas in 10 samples, the concentrations of Pb were over 100 mg/kg. Arsenic
concentration was relatively homogenously distributed, except in sample 8, which
showed a remarkably high value, i.e., 272 mg/kg. Spikes in concentrations were also ob-
served for Ni and Cr in sample 14, and Zn in sample 11. The high concentrations of Ni
and Cr in sample 14 may have been due to vehicle exhaust and wear of vehicle parts from
a regional road which almost surrounds it, and also from lead/zinc smelting facilities.
However, the geochemical composition of the soil may be the most important reason for
the high Ni and Cr concentrations in this location, because high concentrations of these
two metals were measured at depths of 20-30 cm. Concentrations over 50 mg/kg were
measured for Cu in samples 2, 3, 8, and 11, whereas Co exceeded 50 mg/kg only at sam-
pling point 14; in all other samples, its concentration was 40 mg/kg or less. The highest
concentration for Cd was observed at sampling point 8 and 3, with concentrations of 8.8
and 6.6 mg/kg respectively; all other values were about 1 mg/kg or lower. Although the
concentration of Cd was much lower than those of other metals, it stood out in comparison
to its concentration in other locations, except for that at sampling point 8, which was the
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highest. This increased concentration may have been a result of the dust transported by
wind from a gravel excavation site which is located nearby, in the north.

The concentrations of the selected elements agree in general with those reported in a
study by Sajn et al. [14]; however, some discrepancies may have arisen from the fact that
the area covered in the present work was larger, and not limited to the area around the
lead/zinc smelting site, where higher pollution would be expected. However, just as Sajn
et al. [14] indicated, most of the high concentrations of selected potentially toxic elements
were found around the lead/zinc smelting site, which is located just beside the city of Mi-
trovica. It is worth noting that the maximum lead concentration in this region significantly
exceeds the maximum concentration allowed for some industrial sites in neighboring
countries, namely Albania, Serbia, and North Macedonia [44—46]; see Table 1. Arsenic was
also found in higher concentrations than in soils surrounding industrial facilities in Voj-
vodina, Serbia [45], and North Macedonia [46]. However this comparison is relatively ac-
curate, because the dissolution method of soil samples in the aforementioned countries
was not the same (aqua regia, and sequential extraction) as in this work (total dissolution).

Table 1. Basic statistics of element concentrations in surface soil, i.e., 0-5 cm (in mg/kg), in Balkan countries.

Kosovo 2019 (Present Work); North Macedonia, 2010 [46]; Albania, 1998 Serbia, 2010 [45];
n=16 n =344 [44; n=8 n=45
Mean Median Range STD Mean  Median Range Range Mean  Median Range
22,608 19,331 8212-46,207 10,427 65,000 6600 900-11,000 - 20,399 20,417  10,444-31,386
25.4 8.16 2.01-272 66.2 15 10 1-720 - 6.55 6.52 1.09-21.4
251 247 157-449 87.0 500 430 6.0-2900 - - - -
26,570  11.347  2344-14,6582 37,474 28,000 13,000 500-350,000 2100-28,000 28,078 4734 24,062-68,422
1.37 0.41 0.10-8.8 2.53 0.81 0.30 0.10-110 2.0-14 0.36 0.33 0.21-1.27
17.1 14 4.23-71.6 16.0 18 17 0.50-150 130-476 10.8 9.97 5.31-24.1
175 102 45.7-1099 252 130 88 5.0-2700 91-3865 49.3 36.8 21.1-247
41 35.7 16.5-88.8 18.7 32 28 1.6-270 6.0-1107 28.0 22.8 13.6-94.4
24,936 23,287  14,69345381 8466 36,000 35,000 300-120,000 - 20,888 21,144  11,515-34,855
11,653 11,616  7619-15,812 2614 19,000 19,000 200-53,000 - 1531 1614 391-3013
7205 5451 2603-20,450 4850 13,000 9400 1200-130,000  10,400-25,300 18,201 13,805  6061-85,900
742 553 408-1983 407 1000 900 17-10,000 - 630 625 455-899
1868 1998 472-3415 944 13000 12000 130-60,000 - - - -
199 94.7 29.9-1263 296 78 46 2.1-2500 54-3579 51.6 39.9 23.5-230
752 627 524-1673 316 700 620 110-25,900 - - - -
487 167 15.5-3610 897 95 32 1.2-10,000 80-172 21.6 18.6 6.42-67.7
87.9 60.9 31.4-2508 62.2 190 140 21-1400 - - - -
224 153 69.6-1116 254 140 35 0.8-210 49-2495 65.9 51.3 33.4-192

On 28 August 2018, guidelines were approved by the government of Kosovo, i.e.,

decision No.13/62 [47]. According to these regulations, polluted soil is divided into three
categories regarding metal pollution; A —clean, B—acceptable contamination, but further
investigation is required, and C—high contamination and needs to be cleaned. The me-
dian concentrations of Pb, Zn, Ni, As, Cr measured in this investigation fell into category
G; those of Cd and Ni were between A and B, and that of Cu corresponded with category
A.

The highest concentrations of Pb and Zn, as well as other metals, were found around
the lead/zinc smelting site and the tailing waste dump. This was expected, since ore pro-
cessing emits fine particles which contain these elements. At sampling points 7, 8, 11, and
14, the concentration of lead corresponded to category C, whereas at sampling points 13,
15, and 16, it fell between category A and B. The rest of the sampling points corresponded
to category A.

Zinc concentrations fell within category B at sample 8, and category C for sample 11.
Higher concentrations of Cu were measured at sample points 2 and 3, and for Cd at sam-
ple point 3; those locations were the most distant from mineral processing facilities of
lead/zinc in Zvegan and Mitrovica, and as such, they corresponded to the category A. Ar-
senic corresponded to category C only at sampling points 8 and 11, and to category A in
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the remaining locations. In the case of Cr, all samples corresponded to category A, except
14, which was within category C. Most Co concentrations were within category A, except

for those from sampling sites 14 and 15, which were between A and B.

Table 2. Basic statistics of element concentrations in the subsurface soil, i.e., 20-30 cm (in mg/kg).

Al As Ba Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb Sr Zn

Mean 22,889 9 286 30,100 1 19 197 35 25890 12,059 6896 686 1889 219 617 252 100 190
Midla 22,023 7 232 12,399 014 13 96 34 24,594 13,026 5315 553 1979 91 527 135 73 130
Min 9962 1 114 1288 0.1 3 50 15 15354 6513 1763 384 227 22 309 5 27 47
Max 41,202 20 505 152,162 9 97 1429 57 55,976 16,57224,6261350 3783 1648 2040 1398 251 497
STD 10,329 5.18 120 41,431 2.29 232 344 11 9894 3007 5497 292 1133 403 435 362 71 143

In Table 2, the basic statistical parameters for elements in subsoil samples with a
depth of 20-30 cm are shown. The maximum values of selected potentially toxic elements
(in mg/kg) in increasing order were: Ni (1648) > Cr (1429) > Pb (1398) > Zn (497) > Cu (57)
> As (20) > Co (13) > Cd (9). The median values are Pb (135) > Zn (130) > Cr (96) > Ni (91)
> Cu (34) > Co (19) > As (7) > Cd (0.14). The concentration of Pb in soil at a depth of 20-30
cm was lower than at a depth of 0-5 cm. Its highest value, 1398 mg/kg, was measured at
location 7, whereas at locations 11, 13, and 14, it was 631, 291, and 447 mg/kg, respectively.
The rest of the values were under 200 mg/kg. Unlike at 0-5 cm depth, at 20-30 cm, the As
concentration was far lower: in sample 8, its concentration was 6.43 mg/kg; in samples 7,
10, 11, and 16, it ranged between 10 and 20 mg/kg, whereas the rest of the samples had a
concentration below 10 mg/kg. Ni and Cr were found at high concentrations at location
14 (at 0-5 cm depth). Zn was found in concentrations between 200-500 mg/kg at five lo-
cations in increasing order 7 > 12 > 8 > 11 > 14. Cu was more homogeneously distributed,
with most of its concentrations being between 20-40 mg/kg. Its highest concentration was
detected at sampling points 7 (57.2 mg/kg) and 2 (54.2 mg/kg). The highest concentration
of Co was observed at sample location 14 (97.0 mg/kg); the other values were 35 mg/kg or
less. For Cd, only at point 7 was it close to 9 mg/kg; elsewhere, concentrations were 3
mg/kg or below.

The CF values for each sampling point for the selected potentially toxic elements are
given in Table 3. The CF values varied greatly among the samples, from those indicating
low contamination, moderate contamination, and highly contaminated. The highest CF
was found for Pb in sample 11, with a value of 157. Extremely high CF were also found
for Ni in sample 14 (70.2), Cd in sample 8 (58.7), and As in sample 8 (38.9).

Table 3. Contamination factors (CF) of selected elements for each sampling site.

No As Cd Co Cr Cu Ni Pb Zn
1 0.29 0.67 0.54 0.92 2.75 6.42 3.03 1.38
2 0.92 0.92 2.31 2.55 4.77 16.9 2.93 2.35
3 1.60 43.9 1.76 0.89 411 3.99 1.09 1.40
4 0.38 3.13 1.17 1.48 2.35 3.89 3.06 1.65
5 1.24 1.17 2.80 2.72 2.57 10.6 6.49 2.35
6 1.17 0.67 0.78 0.76 1.27 1.66 0.88 1.34
7 1.00 8.53 1.55 1.30 2.06 3.79 26.7 5.67
8 38.9 58.7 1.93 1.74 5.40 6.62 54.7 6.88
9 0.73 0.64 0.80 1.38 2.77 4.68 7.94 3.26
10 1.16 6.20 2.23 3.39 2.74 15.4 0.67 1.89
11 4.57 6.60 1.83 1.99 6.83 5.58 157 215
12 0.83 0.99 0.68 1.58 2.45 3.36 4.37 5.33
13 1.52 5.33 1.79 1.66 2.19 4.90 16.4 2.83
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14 0.76 5.11 9.18 18.32 2.98 70.2 30.5 5.21
15 1.53 1.51 391 3.84 3.15 143 11.0 3.04
16 1.55 2.37 1.81 2.06 2.09 4.95 12.11 3.04
The contamination degree values are given in Table 4. All samples fell within the Cd
interval values for considerable or very high contamination degree. The most extreme Cd
values were observed for samples 11 (206), 8 (175), and 14 (142). As can be seen in Table
4, only sample 6 showed a low modified degree of contamination (mCd); then, there were
samples with moderate, high, and very high degrees of contamination. Samples 8, 11, and
14 were extremely contaminated, with mCd, 21.9, 25.7, and 17.8 respectively. Table 4 also
shows that there was no sample with a PLI less than 1, which indicated that the whole
area of the region of Mitrovica is polluted with potentially toxic elements. The most pol-
luted site was revealed to be location 8, with PLI 10.0, followed by 14, with PLI 8.26, and
11, with PLI 7.83.
Table 4. Degree of contamination (Cd), modified degree of contamination (mCd), and pollution
load index (PLI) for each sampling site.
No Cd mCd PLI
1 16.0 2.00 1.28
2 33.6 421 2.69
3 58.8 7.35 2.69
4 17.1 2.14 1.77
5 29.9 3.74 2.87
6 8.54 1.07 1.02
7 50.6 6.33 3.46
8 175 21.9 10.0
9 222 2.78 191
10 33.7 421 2.71
11 206 25.7 7.83
12 19.6 2.45 1.90
13 36.7 4.58 3.24
14 142 17.8 8.26
15 42.3 5.28 3.89
16 30.0 3.75 291
According to the Igeo classification (Table 5), only samples 11 and 8 appeared to be
extremely contaminated with Pb. Samples 14 and 8 were extremely contaminated with Ni
and Cd, respectively (Table 5). Sample 8 was strongly contaminated with As. Co, Cd, and
As were the least abundant contaminants, followed by Cr and Zn, whereas Ni and Pb had
the highest Igeo values.
Table 5. Geoaccumulation index (Igeo) of selected elements for each sampling site.
No Igeo(As) Igeo(Cd)  Igeo(CO)  Igeo(Cr)  Igeo(Cu) Igeo(Ni) Igeo(Pb) Igeo(Zn)
1 -2.388 -1.170 -1.47 -0.70 0.88 2.10 1.02 -0.12
2 -0.711 -0.705 0.62 0.76 1.67 3.49 0.97 0.65
3 0.091 4.872 0.23 -0.75 1.45 141 -0.46 -0.10
4 -1.991 1.063 -0.36 -0.02 0.65 1.37 1.03 0.14
5 -0.274 -0.363 0.90 0.86 0.78 2.81 211 0.65
6 -0.359 -1.170 -0.93 -0.98 -0.24 0.15 -0.77 -0.16
7 -0.589 2.508 0.05 -0.20 0.46 1.34 416 1.92
8 4.697 5.290 0.36 0.21 1.85 2.14 5.19 2.20
9 -1.032 -1.229 -0.90 -0.12 0.88 1.64 2.40 1.12
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10 -0.367 2.047 0.57 1.18 0.87 3.36 -1.16 0.34
11 1.608 2.138 0.29 041 2.19 1.89 6.71 3.84
12 -0.858 -0.595 -1.13 0.08 0.71 1.16 1.54 1.83
13 0.017 1.830 0.26 0.15 0.55 1.71 3.45 0.92
14 -0.979 1.769 2.61 3.61 0.99 5.55 4.34 1.80
15 0.028 0.013 1.38 1.36 1.07 3.25 2.87 1.02
16 0.045 0.658 0.27 0.46 0.48 1.72 3.01 1.02
A hierarchical cluster analysis is presented in Figure 2. The dendrogram constructed
by Ward’s method revealed six clusters. The first was associated with Ca, the second with
Al and Fe, the third with K and Mg, the forth with Na, the fifth with Zn, Mn, Pb, and the
sixth with As, Cd, Co, Cu, Sr, Cr and Ni. Clusters of Ca, Al and Fe, and K and Mg, are not
presented in Figure 2, as the aforementioned very high values obscured the data. Clusters
1,2, 3,5 and 6 were mostly related to the geochemical composition of the soil [14]. Cluster
5 appeared to be due to the anthropogenic activities, i.e., mainly from the lead smelting
sites in Zvecan and Mitrovica (samples 9, 11 and 13). Although elements in cluster 6 may
have been of geogenic origin, the concentrations of these elements and the pollution indi-
ces indicated that some sites were also polluted with As, Cd, Co, Cr, Ni, and Cu. The
increased concentrations of these elements also originated from mineral processing at the
aforementioned lead and zinc smelting sites [14,48].
As
cd
Co
Cu
Sr -
]
Ni —
Zn ]
Mn
Pb

1000 2000 3000 4000 5000 6000
Linkage Distance

Figure 2. Hierarchical cluster dendrogram for elements in soil.

3.2. Honey

Multifloral honey samples were collected at the same locations as the soil samples,
and after analysis, the maximum concentrations in mg/kg for selected elements were as
follows (Table 6): Cu (2.98) > Pb (2.10) > Zn (1.90) > Cr (0.84) > Ni (0.22) > As (0.12) > Cd
(0.04) > Co (0.03), and median values: Cu (1.33) > Zn (0.73) > Pb (0.42) > Ni (0.13) > Cr (0.1)
> As (0.04) > Cd (0.02) > Co (0.01). Samples from seven sampling locations showed Cu
concentrations between 1.52 -2.98 mg/kg; at the other sites, these values were 1.24 mg/kg
or lower. A spike in the lead concentration was observed at site 11; five other locations fell
within the range of 0.55-1.14 mg/kg, and the concentrations of Cu in the rest of the sam-
ples were under 0.5 mg/kg. Samples 6, 7, 8, 10, and 16, had concentrations of Zn between
1.04-1.9 mg/kg, while in the rest of them, it was below 1 mg/kg. Cr spikes were identified
in samples 4, 6, 9, 11, with concentrations between 0.37-0.84 mg/kg; at point 3, it was 0.2
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mg/kg, and in all other samples, it was 0.1 mg/kg. The highest concentration of As was
measured in the sample from location 4, whereas the rest of the concentrations ranged
between 0.02-0.06 mg/kg. Most of the Cd concentrations were between 0.01-0.044 mg/kg,
while most of the Co concentrations were around 0.01 mg/kg.

The most abundant of the eight selected potentially toxic elements in honey was Cu,
with a median of 1.33 mg/kg and a maximum concentration of 2.98 mg/kg. A comparison
among three Balkan countries is given below (Table 6). The median for Cu was higher
than that measured in honey from the whole territory of North Macedonia, which was
0.69 mg/kg, while the maximum concentration, i.e., 2.98 mg/kg, was lower compared to
that measured in North Macedonia, i.e., 5.9 mg/kg [49]. However, the mean concentration
of Cu (1.57 mg/kg) was higher than those found in Montenegro [50] and Serbia [51]. Lead
mean concentration (0.54 mg/kg) was higher than that found in Serbia (0.0064 mg/kg) [51]
and in honey from some locations in Montenegro [50] (with a maximum mean of 0.21
mg/kg). The median value for zinc (0.73 mg/kg) was lower than that of North Macedonia
(2.3 mg/kg) [49], whereas the mean concentration was lower than in honey samples from
the countries mentioned. The Cr mean value was higher than in Serbia (0.0053 mg/kg) and
lower than in some areas in Montenegro. The Ni mean (0.14 mg/kg) was close to that in
Serbia (0.129 mg/kg). The As mean concentration in honey from the Mitrovica region was
0.04 mg/kg, i.e., higher than in Serbia. Cd was present with a median of 0.02 mg/kg, which
was higher than that in North Macedonia (0.0031 mg/kg)

Table 6. Basic statistics of elements concentration in honey (in mg/kg) in Balkan countries.

Kosovo, 2019 (Present Work) North Macedonia, 2007 [49] Montenegro, 2020 [50] Serbia, 2010 [51]
n=16 n=123 n=24 n=32

Mean Median Range STD Mean Median Range Mean Range Mean Range
2.59 1.99 0.49-9.10 2.09 - - - - - - -

0.04 0.04 0.02-0.12 0.02 - - - - - 0.00168 0.001-0.0054
0.09 0.07 0.01-0.20 0.06 - - 0.29 ND-1.44 - -

19.06 15.66 8.84-59.07  12.04 51 41 4.1-170 93.25 48.88-152 107.8 17.47-173.4
0.02 0.02 0.01-0.04 0.01  0.010  0.0031 0.001-0.27 0.02 ND-0.08 0.00265 0.001-0.0064
0.01 0.01 ND-0.03 0.007 - - - - - 0.0155 0.004-0.078
0.23 0.10 0.10-0.84 0.24 - - - 0.44 0.10-1.13 0.00528 0.002-0.0207
1.57 1.33 0.52-2.98 0.80 14 0.69 0.023-5.9 0.64 0.31-0.98 0.1939 0.06535-0.407
5.87 4.41 1.93-14.9 3.88 1.9 15 0.028-7.0 10.14 3.95-15.93 1.98 0.57-7.02
858 775 121-2398 594 1205 1021 169-3323 1617.92 713-2589.33 943.9 334.1-2263
15.6 14.4 3.22-33.5 8.92 30 15 4.4-182 50.50 29.52-76.33 28.71 6.07-48.79
1.36 1.04 0.15-4.47 1.24 7.2 1.1 0.16-82 - - 0.78 0.16-4.94
3.53 3.0 1.79-12.6 2.47 33 31 5.9-150 47.57 34.61-63.94 15.30 2.46-92.73
0.14 0.13 0.02-0.22 0.05 - - - - - 0.1296 0.0503-0.3875
39.2 33.4 17.7-79.9 17.4 - - - - - - -

0.54 0.42 0.05-2.10 0.5 - - - 0.05 ND-0.21 0.0064 0.002-0.0176
0.10 0.10 0.04-0.28 0.06 - - - 0.03 ND-0.12 - -

0.80 0.73 0.18-1.90 0.53 3.3 2.3 0.31-15 49-2495 3.43 0.62-19.17

According to the Food and Agricultural Organisation and World Health Organisa-
tion (FAO/WHO) codex Alimentarius CXS 193-1995 [52], the maximum concentrations of
As, Cd and Pb permitted in food, as recommended by the Codex Alimentarius Commis-
sion, are different for different foods (there are no national standards for potentially toxic
elements in food, or honey and pollen particularly, in Kosovo). For As, the permitted max-
imum concentration in foods ranges from 0.1-0.5 mg/kg; for Cd, the permitted concentra-
tion range is 0.003—2 mg/kg; and for Pb, it is 0.03-0.4 mg/kg. Except for the Pb median
concentration (0.42 mg/kg), which is only a little higher than the maximum permitted by
the FAO/WHO recommendation (0.4 mg/kg), As and Cd medians were quite lower than
the maximum concentrations recommended by FAO/WHO for these metals. However,
the Pb concentrations in many sampling sites exceeded the maximum recommended
value of 0.4 mg/kg, as in the following: location No. 1 (0.47), 6 (1.14), 7 (0.65), 8 (0.7), 10
(0.78), 11 (2.1), 12 (0.55) and 16 (0.46).
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A hierarchical clustering analysis is presented in Figure 3, in which four clusters can
be identified. Potassium stands out among all elements and forms the first cluster (not
presented in dendrogram). It was found to be the most abundant element in honey with
a median of concentration 775 mg/kg, followed by P (33.42 mg/kg); the origin of these
elements is natural, even though fertilizers may have contributed to such high concentra-
tions. Ca (15.7 mg/kg) and Mg (14.4 mg/kg) fall in the cluster two. The third cluster is
made up of Na, Mn, Cu, and Al, while the fourth contains Zn, Pb, Cr, Sr, Ni, Cd, and As.
Cluster three is probably of geogenic origin; these elements are absorbed by the root sys-
tems of plants over which the bees have been foraging, although some atmospheric prov-
enance is also possible in the form of windblown dust. The fourth cluster is mostly an-
thropogenic. The highest concentrations of Cu, Zn, Pb, Cr, Ni, were mostly observed in
samples around the cities of Mitrovica and Zvegan, where lead and zinc smelting sites are
located, indicating obvious anthropogenic origin. Moreover, Al, As, Cd, (although not all
in the same cluster) tended to be more concentrated in honey samples 7 to 13, which were
closer to industrial ore processing facilities around the city of Mitrovica.

Ca
Mg
0 10 20 30 40 50 60

Linkage Distance

Figure 3. Hierarchical cluster dendrogram for elements in honey.

3.3. Pollen

The basic statistics for elements are presented in Table 7. The maximum concentra-
tions of potentially toxic elements in honey bee pollen were in the following order: Zn
(31.7) > Cu (7.65) > Ni (3.16) > Pb (1.69) > Cr (0.28) > Co (0.23) > Cd (0.15) > As (0.02), and
the medians: Zn (26.5) > Cu (6.63) > Ni (2.0) > Cr (0.28) > Pb (0.2)> Co (0.12) > Cd (0.02) >
As (0.01). Zinc was found to be the most abundant from among the selected potentially
toxic elements in pollen, and was quite evenly distributed. Except for sample 3, in which
the concentration of Zn was 16.6 mg/kg, all other samples had concentration ranges of
23.7-31.7 mg/kg. The distribution of copper was also quite homogeneous, with concentra-
tions laying in the range of 5.66-7.65 mg/kg. The highest concentration of Pb was found
in samples 4 (1.69 mg/kg) and 5 (0.91 mg/kg), whereas other samples contained 0.25 mg/kg
or less. Cr was only detected in sample 3; in other samples, its concentration was too low
to be quantified.

Minerals are permanent constituents of pollen, and elements such as K, Ca, P, Mg,
Zn, Fe, Mn, Cu, Na and Cr, are frequently reported [53-55]. Some research in Serbia [53]
and Turkey [54] revealed that the most abundant elements in pollen are K, P, Ca, and Mg;
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see Table 7. In this study, the minimum and maximum concentrations of the same ele-
ments in mg/kg were 2902-4484 (K), 25034517 (P), 1018-1753 (Ca), and 393-762 (Mg). The
mean concentrations in mg/kg of Zn (26.01), Cu (6.6), and Cr (0.28) were lower than those
found in Turkey, i.e., Zn (29.15), Cu (10.4), and Cr (0.79), whereas mean Ni (2.11) in the
Mitrovica region was higher than that in Turkey (0.51) and Serbia (0.76). The mean con-
centrations found in Mitrovica for Pb were higher than those in Turkey, whereas Zn had
a higher mean than in Turkey. The maximum concentrations of Pb, Zn, and Cu in Jordan
exceeded those in Mitrovica, whereas the maximum concentration of Ni was higher in the
Mitrovica region. According to FAO/WHO codex Alimentarius CXS 193-1995 [52], the
maximum concentration of As measured in the region of Mitrovica was under the mini-
mum concentration permitted in some foods, i.e., 0.01 mg/kg. Cd and Pb exceeded the
minimum concentrations set for some foods, i.e., 0.03 mg/kg for Pb and 0.003 mg/kg for
Cd, but were lower than their permitted maximum of 2 mg/kg and 0.4 mg/kg respectively.

Table 7. Basic statistics of element concentrations in pollen (in mg/kg) in different countries.

Kosovo, 2019 (Present Work) Turkey, 2017 [54] Serbia, 2011 [53] Jordan, 2017 [55]
n=24 n=25 n =22
Mean Median Range STD Mean Range Mean Range
Al 33.2 31.7 8.96-57.7 16.2 - - 38.6 -
As 0.01 0.01 ND-0.02 0.008 0.391 0.006-1.035 - <0.02
Ba 4.66 4.72 3.47-6.25 1.12 - - 1.22 -
Ca 1234 1194 1018-1753 215 862.435 491.85-1472.10 1425 -
Cd 0.05 0.02 0.02-0.15 0.05 0.069 0.006-1.035 0.067 <0.005
Co 0.13 0.12 0.06-0.23 0.05 - - 0.047 -
Cr 0.28 0.28 0.28 - 0.793 0.124-1.595 0.26 -
Cu 6.61 6.63 5.66-7.65 0.59 10.418 3.728-14.994 7.8 0.032-11.388
Fe 59.0 59.4 22.0-94.3 22.5 203.165 30.719-725.36 70.1 -
K 3891 4026 29024484 428 1945.87 992.107-2894.15 3391 -
Mg 577 578 393-762 120 669.7 271.1-1278.3 749 641.38-1575.18
Mn 13.2 12.8 8.83-18.7 3.10 29.33 8.15-201.04 21.33 -
Na 37.0 37.6 21.3-45.3 8.59 - - 21.6 -
Ni 2.11 2.00 0.98-3.16 0.82 0.51 0.02-1.76 0.76 <0.01-2.839
P 3633 3780 25034517 607 2659.7 795.9-5247 - -
Pb 0.43 0.20 0.14-1.69 0.53 0.193 ND-0.479 - 0.03-2.567
Sr 3.09 3.27 1.99-4.50 0.97 - - 1.38 -
Zn 26.0 26.5 16.6-31.7 4.53 29.15 14.83-39.08 23.7 25.24-77.022

A cluster analysis with Ward’s method revealed three distinct groups of elements in
pollen (Figure 4). The first group was made up of K and P (not shown in the cluster), the
second comprised Ca and Mg, and the largest group was constituted of Mn, Cu, Sr, Ni,
Pb, Cr, Cd, As, Zn, Na, Al The first and second groups were of natural origin. Group three
included elements which are not used during in industrial process in the area of investi-
gation. However, Pb and particularly Zn are indicators of pollution because of mining and
ore processing activities, as are elements which are associated with their ores. An im-
portant pathway for the pollution of pollen with anthropogenic elements can be atmos-
pheric deposition, since pollen is exposed to open air and elements can be transported as
fine dust onto flowers [32].
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Figure 4. Hierarchical cluster dendrogram for elements in pollen.

3.4. Correlations between Three Types of Samples

According to the results shown in Figure 5, as expected, the highest values of all the
potentially toxic elements were found in soil (vertical axes in the first two rows of the
plots). Also, a higher concentration of a given metal in soil is not necessarily reflected in
pollen or honey. For example, although Cu concentrations in soil were lower than those
of Ni and Pb, in honey, they were higher. Also, if one element is found at higher concen-
trations in soil, it may be present at lower concentrations in honey. In Figure 5, the Pear-
son’s coefficients show that there was no correlation for As for soil-honey, Co for soil-
pollen, and Cd for soil-pollen. There were 11 weak correlations, six moderate, and only
two strong correlations. The strongest correlation was that for Pb between soil and honey,
with a value of 0.788, and for Ni in the pair honey—pollen, with a value of 0.728. Soil-
pollen and honey—pollen were the pairs with the greatest number of significant correla-
tions. Eight correlations were negative, despite the fact that in all cases, no correlation or
positive correlation was to be expected. The weak and negative correlations between con-
centrations of heavy metals in soil, honey and pollen can be attributed to the complexity
of honey and pollen collection by bees. The distribution of heavy metals in soil is quite
heterogeneous, and there is a large variety of plants which can absorb different elements
in different quantities through their root systems [56]. Honey, and particularly pollen, are
effected very much by dust. Bees forage in places such as dumps, when they can take
water or other materials which may be heavily polluted with heavy metals, leading to the
contamination of honey and pollen which is otherwise situated in a not heavily polluted
area.
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Figure 5. Pearson’s correlation coefficients of selected element concentrations among three sample types: soil, honey, and

pollen.

4. Conclusions

An investigation into the concentrations of certain elements in soil, honey, and pollen
was conducted in the region of Mitrovica, Kosovo. Extremely high concentrations of Pb,
Zn, and Ni were found around the lead and zinc smelting sites in the towns of Mitrovica
and Zvecan. As and Cr were also present in very high concentrations at locations close to
an ore processing facility in Mitrovica. Pollution indices showed values indicating not
polluted areas, moderately polluted areas, and extremely polluted ones, particularly with
lead and zinc.

Cluster analyses revealed groups of elements related to sources of pollution, and also
those that are usually expected to be of geogenic origin. It can be said that the soil in the
region of Mitrovica, mostly around the industrial facilities, is highly polluted with poten-
tially toxic elements. In honey and pollen, lead concentrations were concerning, and zinc
was particularly abundant in pollen. The correlations between types of samples for each
selected potentially toxic element were mostly weak and moderate. There were, however,
important correlations indicating some pollution transfer from one environmental com-
partment to another. Also, since this is the first research on honey and pollen in the entire
region of Mitrovica, more research should be conducted in order to more thoroughly eval-
uate the contamination situation of these two natural products. The lead/zinc smelting
sites in Mitrovica have not been in operation since 2000; however, the ore concentration
process should be improved to reduce dust emissions. Clearly, a strong source of pollu-
tion are tailings dumps, as fine particles are transported from them toward the surround-
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ing environment. To prevent the spread of pollution, such should be covered with unpol-
luted soil or concrete. Another possibility is to transport the tailings into the cavities cre-
ated in more remote areas during gravel excavation, and then to cover them with soil.
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