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A b s t r a c t: The results of a study on the presence and enrichment of potentially toxic elements in surface soil 

in the Mitrovica region, Kosovo, are reported. The investigated region (301.5 km2) was covered by a sampling grid of 

1.4×1.4 km and a total of 156 soil samples were collected. Inductively coupled plasma - mass spectrometry (ICP-MS) 

was applied for the determination of anthropogenic association of 12 elements: Ag, As, Au, Bi, Cd, Cu, Hg, Pb, Mo, 

Sb, Tl and Zn. For data evaluation, parametric and non-parametric statistics methods were used. Soil contamination is 

assessed on the basis of enrichment factor (EF). The average content of Pb was 19.6-fold; Cd 11-fold; Hg 5-fold; Zn 

4.5-fold; As 4.3-fold; Sb 3.8-fold; Cu 3.2-fold and Ag 1.6-fold higher that European average values. Increased levels 

of the content of these metals showed that mining and smelter processing activities strongly affected in soils of the 

towns of Zveçan and Mitrovica and their environs. In the close vicinity of the cities of Zveçan and Mitrovica, the 

contents of the As, Cd, Cu, Pb and Zn were even higher than the corresponding intervention values according to the 

New Dutch list and were exceed in 122 km2 of the investigated area. 
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INTRODUCTION

Soil contamination with heavy metals is consi-

dered as serious problem related to mining and 

smelting activities. The environmental anomalous 

occurrence, regarding the possible ecological effect 

of the increasing accumulation of metals, is with 

growing concern. For this reason, the investigation 

of heavy metals in soils is necessary since even 

slight changes in their concentration above the 

critical level (whether due to the natural or anthro-

pogenic factors) can results in serious environ-

mental harms and subsequent health problems 

(Kabata-Pendias and Pendias, 2001).  

In mining and smelting areas, soils are affected 

during the mining operations and for years after 

mine closure (Mileusnic et al., 2014; Morais et al., 

2014), by disposal of mine tailings which are often 

left without proper management (Muhammad et al., 

2011), acid mine drainage, and aerial deposition of 

contaminants from smelters (Navas and Machin, 

2002; Ferreira da Silva et al., 2004; Ungaro et al., 

2008; Chaoyang et al., 2009; Dayani and Moham-

madi. 2010). Thus, tailings and wastes are dispersed 

by wind and erosion on soils, plants and water in the 

vicinity of the mining site (Meza-Figueroa et al., 

2009; Amune et al., 2012). This dispersion is 

strongly correlated with local meteorological 

conditions, mainly on the prevailing wind direction 

(Kribek et al., 2010). Topsoils in the vicinity of 

smelters contain elevated levels of trace elements, 

for this reason, metal contamination can extend 

several kilometers away from the mine sites 

(Escarre et al., 2011). Airborne sources of metals 

include stack or duct emissions of air, gas, or vapor 

streams, and fugitive emissions such as dust from 

storage areas or waste piles. Metals from airborne 

sources are generally released as particulates 

contained in the gas stream. Some elements such as 

As, Cd and Pb can also volatilize during high-tem-

perature processing converting to oxides and con-

dense as fine particulates unless a reducing 

mailto:melihate.aliu@uni-pr.edu
mailto:trajcest@pmf.ukim.mk


62  M. Aliu, R, Šajn, T. Stafilov 

Geologica Macedonica, 33, 1, 61–70 (2019) 

atmosphere is maintained (Smith et al., 1995). Stack 

emissions can be distributed in long-distance areas 

by natural air currents until dry and/or wet precipi-

tation mechanisms remove them from the gas 

stream. The distribution of metals occurred in 

various forms, depends on the existing chemical 

environment.  

Environment pollution particularly from ha-

zardous heavy metals is an important global prob-

lem. Small quantities of some elements, like Fe, Zn, 

Cu, Co, Cr, Mn, and Ni, are essential for human, but 

may be toxic at higher levels (Duruиbe et al., 2007). 

Others like Pb, Hg, Cd and As have no beneficial 

role and are known for toxic effects on biological 

organisms and adverse effect on local environ-

ments. Many of these elements are bio-accumu-

lative, and their toxicity strongly depends on its 

chemical form and oxidation state. The non-degra-

dable nature of metallic species and their tendency 

to bind strongly with soil material can lead to long 

term contamination.  

There are not many data on the environmental 

impact of mining and metallurgical activities in the 

Mitrovica region, which started in 1927. Several 

studies conducted on the heavy metal content in this 

area were published (Di Lella et al., 2003; Jia et al., 

2004; Arditsoglou and Samara, 2005; Borgna et al., 

2009). There also have been studies on the spatial 

distribution of heavy metals and the effects of 

mining and smelting activities on the soil enrich-

ment with heavy metals (Aliu et al., 2009, 2010, 

2014, 2016, 2017; Stafilov et al., 2011). Therefore, 

this study is aimed on the soil contamination in the 

Mitrovica region, Republic of Kosovo, with special 

attention to the enrichment of the heavy metals 

content in order to define the extent of soil pollution 

in this area.

MATERIAL AND METHODS 

Study area 

The Mitrovica region is the largest Pb-Zn 

mining area in Kosovo. The geologic deposits 

consist mainly of metal sulfides such as galena 

(PbS), sphalerite (ZnS), pyrite (FeS2), arsenopyrite 

(FeAsS) and plymozite (Pb2Sb2S5). To recover 

metals from ore deposits, extensive mining opera-

tions were used in Stan Tёrg areas from the 1930s 

until 2000. The lead concentrates were brought to 

the lead smelter of Zveçan (capacity 80,000 t/y) and 

the zinc ores were brought to the zinc smelter of 

Mitrovica (capacity 50,000 t/y). The metal 

production was about two million tons of Pb, 1.37 

million tons of Zn, as well as about 10000 t of Ag, 

Au, Cd, and Bi. Metal emissions from the smelters 

ran at 7.31 t/day Pb, 1.63 t/day Zn, 323.7 kg/day As, 

103.8 kg/day Sb, 30.31 kg/day Cd and 37.35 kg/day 

Ag of crude metal smelted (Dushi, 2002). 

Extensive Pb and Zn ore mining and smelting 

have resulted in contamination of soil that poses risk 

to human and ecological health. However, an 

environmental audit ordered by UNMIK and 

conducted in March and April 2000, warned that it 

should be closed as an “unacceptable” source for air 

pollution (Palariet, 2003; Frese et al., 2004; OSCE, 

2009). Since then lead and zinc smelters are inac-

tive. Since September 2005, the mine has only pro-

duced zinc, lead and copper concentrates at an aver-

age rate of 5,000 t/month, and these concentrates 

have been sold to traders. The silver, gold, bismuth, 

cadmium, indium, germanium and gallium of the 

various ore concentrates are extracted by foreign 

smelters which buy and process the concentrates 

(together with batches from other deposits). 

The size of the investigation region occupies 

an area of 24 NNW-SSE km × 18 WWS-EEN km 

and it is limited with the coordinates (WGS 84) lon-

gitude 20.74528°–20.99235° (E) and latitude 

42.78522°–42.99330° (N). This area occupies the 

part of the Iber river basin and Sitnica river basin, 

including area of the Mitrovica town in the middle. 

Furthermore, the investigation area occupies all the 

major urban zones (Zveçan, Mitrovica and Vush-

trri), but also the main industrial zones, particularly 

around Zveçan and Mitrovica. Of the total 301.5 

km2 of the study area (Figure 1), the water surface 

(rivers and lakes) covers 1.6 km2 (or 0.6 %), while 

the open area mainly includes cultivable land 160 

km2 (53%), non-cultivable areas, mainly forests 

117.5 km2 (39%), settlements 18.4 km2 (6.1%) and 

industrial area (industry zones, mines, quarries and 

tailings) 4 km2 (1.3%).  

The study area presents a part of the Vardar 

zone (Bogdanović, 1978; Bogdanović et al., 1978). 

The geotectonic unit is covered by metamorphic, 

sedimentary and magmatic rocks of the younger 

Paleozoic and Triassic ages, Cretaceous flysch, Mi-

ocene volcanic rocks with pyroclastites as well as 

younger Pliocene and Quaternary sediments (Bog-

danović, 1978; Bogdanović et al., 1978). 
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Fig. 1. Location of the study area 

This area is characterized by a temperate con-

tinental climate with warm summers and cold win-

ters. The average annual temperature is 10.3°C 

(15.8–4.9°C), the average temperature in January is 

–1°C (–5 to 3°C) and in August is 21°C (28–14°C). 

Mean annual precipitation is about 900 mm. Ther-

mal inversion is frequent, especially in the winter 

months. About 40% of study area lies at an altitude 

between 480 and 600 m (S and SE of the study area), 

but only 5 % has an altitude over 1000 m, mainly in 

the NE of the investigated area. 

Sampling and chemical analysis 

The complete investigated region was covered 

by a basic sampling grid of 1.4×1.4 km2, but in the 

diagonal cross-section of each entire grid cell, one 

more sample was added (Figure 2). From the whole 

investigated area 156 surface soil samples were 

collected at a depth of 0 to 5 cm in an area of 301.5 

km2 where the soil had not been recently disturbed 

and away from the waste locations. One sample rep-

resented the composite material collected at the cen-

tral sample point itself and at least 4 points within a 

radius of 50 m around it towards N, E, S and W 

(Darnley et al., 1995).  

Soil samples were air dried indoors at room 

temperature for about two weeks. Then, they were 

crushed, cleaned of extraneous material and sifted 

through a plastic sieve a mesh size of 2 mm 

(Salminen et al., 2005). The shifted mass was 

quartered and milled in an agate mill to an analytical 

grain size less than 0.125 mm. 

Due to expected extreme contamination with 

heavy metals, the following zones were determined: 

zone I – areas extremely affected by heavy metals 

(57 km2); zone II – areas strongly affected by heavy 

metals (117 km2); zone III – areas relatively little 

affected by heavy metals (128 km2). The first zone 

included 30 sampling sites, zone II included 65 

sampling sites and zone III included 61 sampling 

sites (Figure 3). Additionally, groups of samples 

that covered the main urban area were defined (cca. 

90% of the entire population). The wider urban area 

of the city of Zveçan was covered by 5 sampling 

sites, Mitrovica by 11 sampling sites, and Vushtrri 

by 8 sampling sites. 

The elements content of twelve elements (Ag, 

Pb, Sb, Bi, Zn, Cd, As, Cu, Hg, Au, Tl and Mo) was 

determined by ICP-MS at ACME Laboratory Ltd., 

Vancouver, Canada (ACME, 2010; http://acmelab. 

com) following an aqua regia digestion (mixture of 

HCl, HNO3 and water at 95°C-1DX method). 

http://acmelab/
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Fig. 2. Soil sample locations in the study area 

 

Fig. 3. Determined polluted zones in the study area 
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Data processing 

For data evaluation, parametric and non-

parametric statistics methods were used (Snedecor 

and Cochran, 1967; Le Maitre, 1982). The degree of 

association of chemical elements in the soil was 

assessed by the linear coefficient of correlation 

between their contents in the samples. Universal 

kriging with a linear variogram interpolation 

method was applied to construct maps of the spatial 

distribution of particular elements and factor values 

in topsoil. 

RESULTS AND DISCUSSION 

According to our previous investigation (Šajn 

et al., 2013), the application of factor analysis (FA) 

reveal five geochemical associations of elements 

(F1 to F5) which were connected with regard to 

geochemical similarities. However, the association 

marked as F1 shows strong association of Ag, As, 

Au, Bi, Cd, Cu, Hg, Pb, Mo, Sb, Tl and Zn, repre-

senting metals that are most probably with 

anthropogenic origin. For that issue descriptive 

statistics of these elements are reported in Table 1. 

T a b l e  1 

Descriptive statistics of measurements for anthropogenic elements included in Factor 1 (n=156)  

(values are in mg/kg) 

Element Dis Xg sg Md P10 P90 Min Max A E 

Ag Log 0.44 4.2 0.40 0.050 3.2 0.050 58 0.80 0.95 

As Log 30 3.1 25 9.2 150 2.1 3900 1.27 2.74 

Bi Log 1.5 3.3 1.1 0.50 7.2 0.10 110 1.18 2.06 

Cd Log 1.6 3.0 1.4 0.40 10 0.10 47 0.43 -0.05 

Cu Log 42 2.3 35 17 120 9.0 1600 1.25 2.93 

Hg Log 0.20 3.0 0.18 0.060 0.74 0.020 11 0.99 1.74 

Pb Log 450 3.4 370 110 2300 34 35000 0.84 1.07 

Mo Log 0.68 2.0 0.70 0.30 1.5 0.050 5.7 -0.31 1.91 

Sb Log 2.3 4.2 1.7 0.60 16 0.10 1400 1.24 2.71 

Tl Log 0.33 2.6 0.30 0.10 1.2 0.050 7.7 0.58 0.98 

Zn Log 240 3.0 170 76 1200 32 12000 0.89 0.49 

Dis. – distribution (Log – lognormal); Xg – geometrical mean; sg – arithmetical or geometrical standard deviation; Md – median;  

P10 – 10 percentile; P90 – 90 percentile; Min – minimum; Max – maximum; A – skewness; E – kurtosis 

 

As it can be seen from the results presented in 

Table 1, lead has the highest content in soil up to 

35,000 mg/kg with an average of 450 mg/kg. The 

content of lead was extremely high in all samples, 

differing considerably in dependence on the dis-

tance of the sampling point from the potential pol-

lution source. Most of the samples from the locati-

ons exhibit high values for the content of Pb exce-

eding 3000 mg/kg. Zinc has also high concentration 

in soils varied from 32 to 12,000 mg/kg with an 

average of 240 mg/kg with a very similar spatial 

distribution having very high content in soil samples 

from the zone I. Similar spatial distribution was 

found for the other elements from this association 

which confirm the pollution from the mining and 

smelter activities in this area.  

In order to identify the origin (i.e. natural or 

anthropogenic) and to find the extent of heavy 

metals in the surface soils, the enrichment factor 

(EF) of the metals was calculated in this study as a 

ration between the obtained mean values and the 

European average value of surface soil (Salminen et 

al., 2005) and the New Dutch List (http://www.co 

nta minatedland.co.uk/std-guid/dutch-l.htm) used 

as the reference values. The obtained data for the 

content of Ag, Pb, Sb, Bi, Zn, Cd, As, Cu, Hg, Au, 
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Tl and Mo in surface soil for entire study area show 

high enrichment compared with the European val-

ues (Figure 4). Figure 4 shows that for entire study 

area lead, cadmium and mercury had significant EF 

of 19.9, 11 and 5.5, respectively. Zinc, arsenic, 

antimony, copper, bismuth and silver showed lower 

EF of 4.56; 4.24; 3.83; 3.23; 3.0 and 1.63, 

respectively. Mo had minimal EF of 1.03 in all the 

soil samples. EF of thallium in surface soil was 

lower than 1. 

 

Fig. 4. Enrichment factor of the study area (average content in 

topsoil versus average content in European topsoil) 

On the basis of the spatial distribution and the 

EF values of the analyzed elements in the study 

area, three contamination zones were determined 

(Figure 3). The obtained data for the content of the 

anthropogenic elements in topsoil according to the 

determined zones show that the highest contents 

were found in zone I, the extremely contaminated 

parts of the study area. Zone I (the extremely 

polluted area), occupies an area of 57 km2. Zone II 

(significantly polluted area) occupies 117 km2 while 

zone III (uncontaminated area) occupies 128 km2. 

As expected, the contents of the anthropogenic ele-

ments decreased from zone I to the zone III. For Ag, 

Pb, Sb, Bi, Zn, Cd, As, Cu, Hg, Au, Tl and Mo, cal-

culations are made also for the enrichment ratios be-

tween their contents in the surface soil area of zone 

I versus those for zone III. High contents as well as 

the enrichment ratios in surface soil are noticeable 

(Figure 5). Typical for this element assemblage is 

the enrichment from 2.1-fold for Mo and 3.7-fold 

for Cu and Tl, to 11-fold for Zn, 12-fold for Cd and 

Bi, 16-fold for Pb, 19-fold for Sb and 27-fold for 

Ag. 

 

Fig. 5. Enrichment ratio of the study area surface  

soil comparing the results for zone I/zone III areas 

This study has also been undertaken to assess 

the impact of mining and smelting upon the local 

environments, i.e. the cities of Zveçan, Mitrovica 

and Vushtrri. The highest contents of Ag, Pb, Sb, 

Bi, Zn, Cd, As, Cu, Hg, Tl and Mo are found in the 

vicinity of the industrial complex (Lead smelter, 

Refinery, Concentrator, Battery recycling plant and 

the Energy plant) of the town of Zveçan, and in soil 

around the industrial complex (Zinc Metallurgy, 

Fertilizer Factory and Battery Factory) of the city of 

Mitrovica. Because of high metal emissions from 

the ore processing and metallurgical process (7.31 

t/day Pb, 1.63 t/day Zn, 323.7 kg/day As, 103.8 

kg/day Sb, 30.31 kg/day Cd and 37.35 kg/day Ag) 

and their high degree (21–25 % Zn, 2.7 % Pb, 0.15 

% Cd, 0.06 % Sb and 0.25 % Cu) in industrial waste 

disposed around the smelters (Palariet, 2003) it was 

expected these metals to have significantly higher 

content in urban soil samples from the town of 

Zveçan and in the city of Mitrovica.  

Values of EF for Ag, Pb, Sb, Bi, Zn, Cd, As, 

Cu, Hg, Tl and Mo for the soil samples from the cit-

ies of Zveçan, Mitrovica and Vushtrri together with 

medians for European soils (Salminen et al., 2005) 

are given in Table 2.  

Table 2 shows that in soils taken from the city 

of Zveçan lead had the highest EF (mean for the 

city’s soils versus European mean) of 708, followed 

by cadmium with a value of 138. Silver, mercury 

and bismuth showed similar EF with a value of 107, 

105 and 102, respectively. The EF value for As was 

81, while for Zn it was 66.5. For Cu, Sb, Mo and Tl 

EF values are 39, 31.7, 2.9 and 2.42, respectively. 

High values of EF of Ag, Pb, Sb, Bi, Zn, Cd, As, 

Cu, Hg, Tl and Mo in soils of the city of Zveçan 

indicate the strong impact of anthropogenic 

activities developed in this area.  
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Relatively high EF was also obtained for the 

soil in the city of Mitrovica for Pb (75.2), Cd (48.3), 

Zn (17.8), Hg (14.6), Sb (13.2), Bi (9.0), Ag (7.8), 

Cu (6.15), As (5.0) and Mo (1.48). Enrichment 

Factor of thallium in surface soil was very low (<1) 

(Table 2).  

In the soils taken in the city of Vushtrri (Table 

2) lead had the highest contamination factor of 11.1, 

followed by cadmium with a value of 9.0. For Hg, 

Zn, As, Cu, Sb and Bi the EF values were 4.86; 3.42; 

3.13; 2.61; 1.83 and 1.62, respectively. EF of Ag, 

Mo and Tl in surface soil was below 1 (Table 2).  

T a b l e  2 

Enrichment factors of heavy metals in soils 

according to urban area (mg/kg) 

 Median 

EU 

Zveçani 

Zvečan 

Mitrovica 

Mitrovica 

Vushtrri 

Vučitrn 

N 

Element 

840 5 11 8 

mg/kg EF EF EF 

Ag 0.27 107 7.8 0.96 

As 7.0 81 5.0 3.13 

Bi 0.50 102 9.0 1.62 

Cd 0.15 138 48.3 9.0 

Cu 13 39 6.15 2.61 

Hg 0.04 105 14.6 4.86 

Mo 0.62 2.9 1.48 0.90 

Pb 23 708 75.2 11.1 

Sb 0.60 31.7 13.2 1.83 

Tl 0.66 2.42 0.68 0.39 

Zn 52 66.5 17.8 3.42 

N = number of samples; EU = European average value; EF = Enrich-

ment Factor 

 

The anthropogenic contamination is a con-

sequence of historical Pb-Zn mining, processing 

and smelting operations that resulted in high con-

centrations of all anthropogenic elements in topsoil. 

Based on the results of this study, it was found that 

Pb, Cd, Zn, Cu, As, Hg, Pb and Cd are among those 

considered most problematic elements in terms of 

environmental pollution and toxicity. It was also 

concluded that the contents of As, Cd, Cu, Hg, Pb 

and Zn set out in the New Dutch List recom-

mendations. Thus, for the entire study area the 

content of Cu exceeds the target value recom-

mended by the New Dutch List for 1.17-fold; Cd for 

2-fold; Zn for 1.71-fold and Pb 5.29-fold. More-

over, Figure 6 shows that the contents of As, Cd, 

Cu, Hg, Pb and Zn exceed the target values in the 

soil samples from zone I for 2.8-fold for Cu and Hg; 

3.45-fold for As; 7.86-fold for Zn; 9.5-fold for Cd 

and 31-fold for Pb. In general, their high contents 

exceed the target levels of contaminant elements 

over the whole study area, while the intervention 

levels of the aforementioned elements are exceeded 

in an area of about 122 km2 (Figure 7).  

 

Fig. 6. Enrichment factor of the study area surface soil  

comparing optimal values according to the New Dutch List 

 

Fig. 7. Critically polluted soil with heavy metals (As, Cd, Cu, 

Pb and Zn) according to the New Dutch List standards
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CONCLUSION 

The geochemical study of the distribution of 

heavy metals in the surface soil over the Mitrovica 

region, Republic of Kosovo, has shown that metals 

such us Ag, As, Au, Bi, Cd, Cu, Hg, Pb, Mo, Sb, Tl 

and Zn may have been derived from the 

anthropogenic activities developed in the area. 

These metals also have shown high enrichment 

comparing with the European values. Thus, the 

average content of Pb was 19.6-fold higher than 

European averages; Cd 11-fold; Hg 5-fold; Zn 4.5-

fold; As 4.3-fold; Sb 3.8-fold; Cu 3.2-fold and Ag 

1.6-fold higher that European average values. 

Increased levels of heavy metals showed that 

mining and processing activities around the lead and 

zinc mines and smelter plants strongly affected in 

soils of the town of Zveçan and soils of the city of 

Mitrovica and there environ. In the close vicinity of 

the cities of Zveçan and Mitrovica, the contents of 

the As, Cd, Cu, Pb and Zn were higher than the 

corresponding intervention (critical) values accord-

ing to the New Dutch List (Dutch standards) and 

were exceed in 122 km2 of the investigated area. 

REFERENCES 

Aliu M., Šajn R., Stafilov T. (2009): Distribution of cadmium 

in surface soils in K. Mitrovica Region, Kosovo. Geolog-

ica Macedonica, 23, 27–34. 

Aliu M., Šajn R., Stafilov T. (2010): Distribution of zinc in sur-

face soils in K. Mitrovica Region, Kosovo. International 

Journal of Pure and Applied Chemistry, 5, 351–357. 

Aliu M., Šajn R., Stafilov T. (2016): Spatial distribution of lead 

in soils of Pb-Zn mining and smelting area of the Mitrovica 

region, Republic of Kosovo, Journal of Environmental 

Science and Health, Part A, 51, 588–595.  

Aliu M., Šajn R., Stafilov T. (2017). Thallium distributions in 

soils affected by Pb-Zn mining and metallurgical activities 

in Mitrovica Region, Kosovo, Fresenius Environmental 

Bulletin, 26, 2511–2517.  

Aliu M., Stafilov T., Šajn R. (2014): Antimony content in top-

soils around a lead and zinc mining and smelting area in 

Mitrovica, Kosovo. 14th Geoconference on Ecology, Edu-

cation and Legislation, Aldena, Bulgaria, Proceedings, 

Volume II, pp. 25–32. 

Arditsoglou A., Samara C. (2005): Levels of total suspended 

particulate matter and major trace elements in Kosovo: A 

source identification and apportionment study. Chemo-

sphere, 59, 669–678. 

Bogdanović P. (1978): Basic Geological Map of SFRJ. Sheet 

Titova Mitrovica 1:100.000 (interpreter). Federal Geolo-

gical Survey, Beograd. 

Bogdanović P., Urošević M., Urošević D., Dimitrijević M., 

Marković B., Pavić A., Menković L., Folgić K. (1978): 

Basic Geological Map of SFRJ, Sheet Titova Mitrovica 

1:100.000 (map). Federal Geological Survey, Beograd. 

Borgna L., Di Lella L. A., Nannoni F., Pisani A., Pizzetti E., 

Protano G., Riccobono F., Rossi S. (2009): The high con-

tents of lead in soils of northern Kosovo. Journal of Geo-

chemical Exploration, 101, 137–146. 

Chaoyang W., Cheng W., Linsheng Y. (2009): Characterizing 

spatial distribution and sources of heavy metals in the soils 

from mining-smelting activities in Shuikoushan, Hunan 

Province, China. Journal of Environmental Sciences, 21, 

1230–1236. 

Darnley A. G., Björklund A., Bolviken B., Gustavsson N., Ko-

val P. V., Plant J. A., Steenfelt A., Tauchid M., Xuejing X., 

Garrett R. G. & Hall G. E. M. (1995): A global geochemi-

cal database for environmental and resource management. 

Recommendations for international geochemical mapping. 

Final report of IGCP Project 259, UNESCO Publishing, 

Paris, p. 122. 

Dayani M., Mohammadi J. (2010): Geostatistical assessment of 

Pb, Zn and Cd contamination in near-surface soils of the 

urban mining transitional region of Isfahan, Iran. Pe-

dosphere, 20, 568–577. 

Di Lella L. A., Frati L., Loppi S., Protano G., Riccobono F. 

(2003): Lichens as biomonitors of uranium and other trace 

elements in an area of Kosovo heavily shelled with de-

pleted uranium rounds. Atmospheric Environment, 37, 

5445–5449. 

Duruibe J. O., Ogwuegbu M. O. C., Egwurugwu J. N. (2007): 

Heavy metal pollution and human biotoxic effects, Inter-

national Journal of Physical Sciences, 2, 112–118.  

Dushi M. (2002): Trepča – An Integrated Technical and Tech-

nological System. Kosovo Academy of Sciences and Arts, 

Special Editions XLI, Prishtina. 

Escarre J., Lefebvre C., Raboyeau S., Dossantos A., Gruber W., 

Cleyet Marel J. C., Frerot H., Noret N., Mahieu S., Collin 

C., Van Oort F. (2011): Heavy metal concentration survey 

in soils and plants of the Les Malines mining district 

(Southern France): Implications for soil restoration. Water, 

Air & Soil Pollution, 216, 485–504. 

Ferreira da Silva E., Zhang C., Serrano Pinto L., Patinha C., 

Reis P. (2004): Hazard assessment on arsenic and lead in 

soils of Castromil gold mining area, Portugal. Applied Ge-

ochemistry, 19, 887–898. 

Frese S. D., Klitgaard R., Pedersen E. K. (2004): Environmental 

Management in Kosovo. Heavy Metal Emission from 

Trepča, TekSam Report; Institut for Miljo, Teknologi og 

Samfund, Roskilde, Denmark, p. 144. 

Jia G., Belli M., Sansone U., Rosamilia S., Gaudino S. (2004): 

Concentration, distribution and characteristics of depleted 

uranium (DU) in the Kosovo ecosystem: A comparison 

with the uranium behavior in the environment uncontami-

nated by DU. Journal of Radioanalytical and Nuclear 

Chemistry, 260, 481–494. 

Kabata-Pendias A., Pendias H. (2001). Trace Elements in Soil 

and Plants, Third ed., CRC Press, Boca Raton. 

Kribek B., Majer V., Veselovsky F., Nyambe I. (2010): Dis-

crimination of lithogenic and anthropogenic sources of 

metals and sulphur in soils of the central-northern part of 



  Enrichment of some potentially toxic elements in soils affected by Pb-Zn mining and metallurgical processing in the Mitrovica region, Kosovo 69 

Geologica Macedonica, 33, 1, 61–70 (2019)  

the Zambian Copperbelt mining district: a topsoil vs. sub-

surface soil concept. Journal of Geochemical Exploration, 

104, 69–86. 

Le Maitre R. W. (1982): Numerical Petrology, Statistical Inter-

pretation of Geochemical Data, Elsevier, Amsterdam. 

Matthews-Amune, C., Kakulu, S. (2012): Impact of mining and 

agriculture on heavy metal levels in environmental 

samples in Okehi local government area of Kogi State. In-

ternational Journal of Pure and Applied Sciences and 

Technology, 12 (2) 66–77. 

Meza-Figueroa D., Maier R. M., Villanueva M., Gómez-Alva-

rez A., Moreno-Zazueta A., Rivera J., Campillo A., Grand-

lic C., Anaya R., Palafox-Reyes J. (2009): The impact of 

unconfined mine tailings in residential areas from a mining 

town in a semi-arid environment: Nacozari, Sonora, Mex-

ico. Chemosphere, 77, 140–147. 

Mileusnić, M., Mapani, B. S., Kamona, A. F., Ružičić S., Ma-

paure I., Chimwamurombe P. M. (2014): Assessment of 

agricultural soil contamination by potentially toxic metals 

dispersed from improperly disposed tailings, Kombat 

mine, Namibia. Journal of Geochemical Exploration, 144, 

409–420. 

Morais I., Campos J., Carvalhais J., Faim R., Pratas J. (2014): 

Environmental impact of the activity of the old Pb and Zn 

mine of Barbadalhos: assessment of soils contamination. 

Comunicações Geológicas, 101, 1027–1031. 

Muhammad S., Shah M. T., Khan S. (2011): Heavy metal con-

centrations in soil and wild plants growing around Pb– Zn 

sulfide terrain in the Kohistan region, northern Pakistan, 

Microchemical Journal, 99, 67–75. 

Navas A., Machin J. (2002): Spatial distribution of heavy met-

als and arsenic in soils of Aragon (northeast Spain): con-

trolling factors and environmental implications, Applied 

Geochemistry, 17, 961–973. 

OSCE (Organization for Security and Co-operation in Europe). 

(2009): Lead contamination in Mitrovicë/Mitrovica Af-

fecting Roma Community; Background Report; OSCE 

Mission in Kosovo, Prishtina, Kosovo. 

Palariet M. (2003): Kosovo’s Industrial Giant, Trepca, 1965–

2000, University of Edinburgh, Edinburgh, UK. 

Šajn R., Aliu M., Stafilov T., Alijagić J. (2013): Heavy metal 

contamination of topsoil around a lead and zinc smelter in 

Kosovska Mitrovica/Mitrovicë, Kosovo/Kosovë. Journal 

of Geochemical Exploration, 134, 1–16. 

Salminen R., Batista M. J., Bidovec M., Demetriades A., De 

Vivo B., De Vos W., Duris M., Gilucis A., Gregorauskiene 

V., Halamic J., Heitzmann P., Jordan G., Klaver G., Klein 

P., Lis J., Locutura J., Marsina K., Mazreku A., O’Connor 

P. J., Olsson S. Å., Ottesen R. T., Petersell V., Plant J. A., 

Reeder S., Salpeteur I., Sandström H., Siewers U., Steen-

felt A., Tarvainen T. (2005): Geochemical Atlas of Europe, 

Part 1, Background Information, Methodology and Maps. 

Geological Survey of Finland, Espoo. 

Smith L. A., Means J. L., Chen A. (1995): Remedial Options 

for Metals-Contaminated Sites. Lewis Publishers, Boca 

Raton, Fla, USA. 

Snedecor G.W., Cochran W. G. (1967): Statistical Methods, 

The Iowa State University Press, Ames, Iowa. 

Stafilov T., Aliu M., Šajn R. (2011): Arsenic in surface soils 

affected by mining and metallurgical processing in K. Mi-

trovica Region, Kosovo. International Journal of Environ-

mental Research and Public Health, 7, 4050–4061. 

Ungaro F., Ragazzi F., Cappellin R., Giandon P. (2008): Arse-

nic concentration in the soils of the Brenta Plain (North It-

aly): mapping the probability of exceeding contamination 

thresholds. Journal of Geochemical Exploration, 96, 117–

131. 

Р е з и м е 

 

ЗБОГАТУВАЊЕ НА ПОЧВИTE СО НЕКОИ ПОТЕНЦИЈАЛНО ТОКСИЧНИ ЕЛЕМЕНТИ  

 ПОРАДИ Pb-Zn РУДАРСКИ И МЕТАЛУРШКИ АКТИВНОСТИ  

ВО РЕГИОНОТ НА МИТРОВИЦА, КОСОВО 

Milihate Aliu1*, Robert Šajn2, Трајче Стафилов3* 

1 Faculty of Engineering and Informatics, University of Applied Sciences in Ferizaj,  

Str. Universiteti nn, 70000 Ferizaj, Republic of Kosovo  

2Geological Survey of Slovenia, Ljubljana, Slovenia 
3Институт за хемија, Природно-математички факултет, Универзитет „Св. Кирил и Методиј“ во Скопје,  

Северна Македонија 

melihate.aliu@uni-pr.edu // trajcest@pmf.ukim.mk  

Клучни зборови: загадување на почвите; потенцијално токсични елементи; Митровица; Република Косово 

Презентирани се резултатите од испитувањето на 

застапеноста и збогатувањето со потенцијално токсични 

елементи во површинските почви (0–5 cm) од регионот на 

Митровица, Република Косово. Од испитуваното подрачје 

(301.5 km2), кое беше покриено со мрежа за земање приме-

роци од 1.4×1.4 km, се земени вкупно 156 примероци почва. 

Со примена на масената спектрометрија со индуктивно 

спрегната плазма (ICP-MS) е извршено определување на 

антропогена асоцијација од 12 елементи: Ag, As, Au, Bi, Cd, 

Cu, Hg, Pb, Mo, Sb, Tl и Zn. Обработката на добиените 

податоци е извршена со примена на параметриски и непа-

раметриски статистички метод. Загадувањето на почвите е 
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утврдено врз основа на факторот на збогатување (EF). Така, 

средната вредност на содржината на Pb е 19,6 пати поголе-

ма од средната вредност на неговата содржина во почвите 

во Европа, на Cd за 11 пати, на Hg за 5 пати, на Zn 4,5 пати, 

на As за 4,3 пати; на Sb за 3,8 пати, на Cu за 3,2 пати, на Ag 

за 1,6 пати и на Mo за 1,01 пати. Зголементите вредности 

на содржината на овие метали покажуваат дека рударските 

и металуршките активности извршиле силно влијание врз 

почвите во градовите Звечан и Митровица и во нивната 

непосредна околина. Така, почвите од непосредната околи-

на на Звечан и Митровица на површина од 122 km2 имаат 

содржина на As, Cd, Cu, Pb и Zn повисока од соодветните 

интервентни вредности според холандските стандарди.

 

 

 


