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ABSTRACT: The results of study the spatial distribution of zinc in topsoil (0-5 cm) over the K. Mitrovica region,
Kosovo, are reported. The investigated region (300 km2) is covered by a sampling grid of 1.4×1.4 km. In total 159
soil samples from 149 locations were collected. Inductively coupled plasma – mass spectrometry (ICP-MS) and
inductively coupled plasma – atomic emission spectrometry (ICP-AES) were applied for the determination of zinc.
Data analysis and construction of the map were performed using the Statistica (ver. 9), AutoDesk Map (ver. 2008)
and Surfer (ver. 9) software. It was found that the average content of zinc in the topsoil for the entire study area is
520 mg/kg (with a range of 721–11900 mg/kg) which exceeds the estimated European Zn average of topsoil by a
factor of 7.6. It is evident that the content of zinc is very high in the topsoils from the areas of the lead and zinc
smelter plant, as well as in the topsoils from the part of the city of K. Mitrovica. In the region of Zvečan and K.
Mitrovica several topsoil samples with extremely high content of zinc are present. The main polluted area covers 40
km2 with the average concentration of zinc is 1127 mg/kg (from 721 to 11900 mg/kg).
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Introduction

The main sources of pollution with heavy metals are
heavy industries. These heavy industries tend to increase
the deposition of heavy metals in the environment. There
are many different sources of heavy metal contaminants
including chemical and metallurgical industries [1]. When
considering these different kinds of contaminants, heavy
metals are especially dangerous because of their
persistence and toxicity [2]. Heavy metals are known to
have adverse effects on the environment and human
health. They are significantly toxic even in small amounts
and can cause diseases in humans and animals as they
cause irreversible changes in the body especially in the
central nervous system [2].

It is obvious from the articles published recently that
lead and zinc mines and smelter plants activities lead to
enormous soil contamination [3-8]. Mining and

metallurgic activities in Kosovo have a long history.
Trepèa Mine Limited in Mitrovica was built in 1927
produced lead, zinc, arsenic and cadmium from the 1930s
until 2000. The smelter close to Zveèan commenced work
in 1939. Because of the smelter and three huge tailing
dams of the factory, environmental pollution in Mitrovica
increased dramatically. The smelter had worked
sporadically since the 1999 conflict in Kosovo. However,
an environmental audit ordered by UNMIK and
conducted in March and April 2000, warned that it should
be closed as an “unacceptable source of air pollution [9-
11].

The total production of Trepèa from 1931 to 1998 is
estimated at 34,350,000 t run-of-mine ore at grades of 6
% Pb, 4 % Zn, 75 g/t Ag and 102 g/t Bi. The ore was
beneficiated in the Prvi Tunel (Tuneli Pare) flotation with
the capacity of 760,000 t/y. The lead concentrates were
brought to the lead smelter of Zvecan (capacity 80,000 t/
y), the zinc ones to the zinc smelter of Mitrovica (capacity
50,000 t/y); there was also a unit for the production of
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fertilizers using the sulfuric acid by-product of the
hydrometallurgy, and lines of battery production and
battery recycling. The metal production was 2,066,000 t
Pb, 1,371,000 t Zn, 2,569 t Ag and 4,115 t Bi. Gold
production is estimated at 8.7 t from 1950 to 1985, i.e.
and average of 250 kg/y; the Cd production is estimated
at 1,655 t from 1968 to 1987. Traces of Ge, Ga, In, Se
and Te in the run-of-mine ore have been also reported,
which were valorized at the level of the smelters [9-11].

The effect on the environment of mines and mining
industries in Kosovo is difficult to ascertain as little data
exist since 1999. The problems are wide from hazardous
material to air/soil/water pollution. Several reports
indicate that current levels of lead exposure were
extremely high in soil and in the air as well [12-16].

The main objectives of the present investigation were
to determine the content of zinc, essential elements but
toxic in higher concentrations, which minerals are present
in the lead and zinc ore from these region [17-23], to
establish its spatial distribution in soils from the broad
are of K. Mitrovica (Figs. 1 and 2) and to assess the size
of the area affected by the smelter plant situated nearby.

Experimental

Study Area

The Kosovska Mitrovica (Figs. 1 and 2) is a city located
in the north of Kosovo (Fig. 1) approximately 40
kilometers north of Prishtina (capital of Kosovo). It is
bordered by Vučitrn and Serbica to the South, Zvečan
and Zubin Potok to the West and Podujevo to the East.
The complete investigated region (300 km2) was covered
by a sampling grid of 1.4 x 1.4 km2 (Fig. 2).

Sampling

The sampling is done from January to May 2009. Surface
soil samples (0 cm to 5 cm depth) were collected in the
town of Mitrovica and surrounding region (Fig. 2). In
total 159 samples were collected from 149 locations,
including locations near mining centers of K. Mitrovica.
The samples were located using Global Positioning
System (GPS) and topographic maps at scale of 1:25,000.
One sample represents the composite material collected
at the central sample point itself and at least four
points with the radius of 50 m around it towards N, E, S
and W. The composite of each sample (about 1 kg) was
placed into plastic self-closing bags and bring to the
Laboratory for atomic spectroscopy at the Institute of
Chemistry, Faculty of Science, the University of Skopje,

Republic of Macedonia, where they were prepared for
analysis.

Figure 2: Sampling Locations

Figure 1: Location of the Study Area

Sample Analysis

After being returned to the laboratory, soil samples were
air dried, crushed, cleaned from extraneous material and
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sieved through a plastic sieve with 2 mm mesh. The
sieved mass was quartered and milled in agate mill. 0.5
g of each sample was used for digestion with HNO3

(Tracepur, 69% m/V, Merck), HF (Tracepur, 48% m/V,
Fluka), HClO4 (p.a., 70% m/V, Alkaloid) and HCl
(Tracepur, 36% m/V, Merck) according to ISO 14869-
1:2001(E) method.

Procedure: Weigh precisely 0.500 g of the milled
soil sample and placed in a Teflon digestion vessel and
add 10 mL of nitric acid. Place the dish on the asbestos
net plate at ring at 100 °C and evaporate until
approximately 1 mL of nitric acid remains. Note that
several successive additions of nitric acid may be
necessary until the emission of nitrous vapors ceases to
remove all organic matter. After the last addition of nitric
acid, remove the dish from the hot plate and cool to room
temperature before undertaking the digestion. After
cooling add 10 mL hydrofluoric acid and 3 mL of
perchloric acid to the pretreated portion. Heat this mixture
on the hot plate until the dense fumes of perchloric acid
and silicon tetrafluoride cease. Do not allow the mixture
to evaporate to complete dryness. Remove the vessel from
the hot plate allow cooling, adding 2 mL of hydrochloric

acid or 2 mL of nitric acid and approximately 5 mL of
water to dissolve the residue. Transfer this solution
quantitatively to the 50 mL volumetric flask, fill to the
mark and mix well.

Preparations of Solutions

Stock standard Zn solution (1000 mg/L) supplied by
Merck was used for calibration. Working standards were
prepared by appropriate diluting of stock solution. During
the preparation and measurements great care was taken
to prevent contaminating any of the solutions. Deionized
water was always used for the dilutions and for final
rinsing of glassware. The concentrations of standard
solutions for calibration are 1 µg/ml, 10 µg/ml and 200
µg/ml. All the chemicals used were of analytical reagent
grade.

Instrumentation

An optical emission spectrometer with inductively
coupled plasma, ICP-OES, (Varian 715-ES) was
employed to determine Zn concentration using argon
plasma. The instrumentation and operating conditions

Table 1
Instrumentation and Operating Conditions for ICP-AES System

RF Generator

Operating frequency 40.68 MHz free-running, air-cooled RF generator.
Power output of RF generator 700–1700 W in 50 W increments

Power output stability Better than 0.1%

Introduction Area

Sample Nebulizer V- groove
Spray Chamber Double-pass cyclone
Peristaltic pump 0-50 rpm

Plasma configuration Radially viewed

Spectrometer

Optical Arrangement Echelle optical design
Polychromator 400 mm focal length
Echelle grating 94.74 lines/mm

Polychromator purge 0.5 L min-1

Megapixel CCD detector 1.12 million pixels
Wavelength coverage 177 nm to 785 nm

Wavelength for Zn measurement 231.604 nm

Conditions for program

RFG Power 1.0 kW Pump speed 25 rpm

Plasma Ar flow rate 15 L min-1 Stabilization time 30 s

Auxiliary Ar flow rate 1.5 L min-1 Rinse time 30 s

Nebulizer Ar flow rate 0.75 L min-1 Sample delay 30 s

Background correction Fitted Number of replicates 3
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for this ICP-AES system are given in Table 1. Also all
collected soil samples were shipped to ACM Analytical
Laboratory in Vancouver, Canada. Analyses were
conducted using mass spectrometry with inductively
coupled plasma (ICP-MS) after Aqua Regia Digestion
(1DX1 and DISP2 method).

Results and Discussion

The main mineral present in the ore resources of Zn is
sphalerite (ZnS), but it is very often associated with
other chemical elements (such as chlorides, oxides,
sulphides and sulphates). The most important
anthropogenic sources of Zn are the metallurgy industry,
burning of fossil fuels, mines and Zn ore processing.
Most of Zn is used in car industries, alloys, and
galvanization procedures, industry of colours, lacquers
and ointments. Zn is often present in urban regions
where it is mostly generated from industrial activities
and traffic [24].

Zn is an essential element for most living organism
(plants, animals and humans) with important role in
enzymes processes and cellular metabolism [25], in
immune function, protein synthesis, DNA synthesis, and
cell division [26]. Zinc also supports normal growth and
development during pregnancy, childhood, and

adolescence [27]. A daily intake of zinc is required to
maintain a steady state because the body has no
specialized zinc storage system [28]. Even the toxicity
of Zn is relatively low, there are cases when poisoning
with Zn can occur in both acute and chronic forms. Acute
adverse effects of high zinc intake include nausea,
vomiting, loss of appetite, abdominal cramps, diarrhea,
and headaches [26]. The chronic effects are expressed
as low copper status, altered iron function, reduced
immune function, and reduced levels of high-density
lipoproteins [28] or in raising the possibility that
chronically high intakes of zinc adversely affect some
aspects of urinary physiology [30].

Data from the descriptive statistics of measurements
of zinc by both techniques (ICP-MS and ICP-AES) in
topsoil from whole investigated region are given in Table
2 and its spatial distributions with the results obtained
by ICP-MS and ICP-AES are presented on Figs. 3 and 4,
respectively. As it can be seen, in general the obtained
average and median values obtained by ICP-MS are very
similar with those obtained by ICP-AES. Namely, the
correlation factor between the results from both methods
are 0.99 (for normal distribution), 0.95 (for logarithmic)
and 0.94 (for rank). On Fig. 5 the logarithmic correlation
between both data sets is given. These results confirms

Figure 3: Spatial Distribution of zinc in K. Mitrovica Area from
the Results Obtained by ICP-MS

Figure 4: Spatial Distribution of zinc in K. Mitrovica Area from
the Results Obtained by ICP-AES
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the fact that zinc in the polluted area is present in the
form of sphalerite, as the most present mineral in the ore
[17-23], and zinc oxide or zinc sulfate obtained during
the metallurgical processes of roasting of zinc
concentrates [9-11, 31-33] as well as that they are soluble
in both acidic solution which were applied in this study
[31, 34-36].

The average amount of Zn in world soils is 90 mg/
kg [36] and in European topsoil is 68 mg/kg [32]. The
average amount of Zn in the topsoil for the entire study
area is 520 mg/kg, with a range of 32–11,900 mg/kg
(Table 1). This means that the zinc average for the whole
area exceeds the estimated European Zn average of
topsoil by a factor of 7.6. It is evident from the obtained
results (Table 2, Figs. 3 and 4) that the content of zinc is
very high in the topsoils from the areas of the lead and
zinc smelter plant, as well as in the topsoils from the
part of the city of K. Mitrovica (Fig. 6).

In the region of Zvečan and K. Mitrovica several
topsoil samples with very high content of zinc are present.
It should be noted that sample No. 93 with the content of
11,900 mg/kg is 175 times higher than the European
topsoil average of 68 mg/kg [37]. The main polluted area
was established by marking the sites with the content

Table 1
Descriptive Statistics of Measurements for Zinc in Soil (Values given in mg/kg)

Technique N Dis. X s Xg sg Md P10 P90 Min Max

AES-MS 156 Log 520 1141 239 2.99 173 76 1178 32 11900

AES-ICP 156 Log 369 791 174 3.00 141 49 1008 9.0 8310

N – number of observation; Dis. – distribution (Log – lognormal); Md – median; X – arithmetical mean, Xg – geometrical mean; s – arithmetical
standard deviation; sg – geometric standard deviation; Min – minimum; Max – maximum; P10 – 10 percentile; P90 – 90 percentile.

Figure 5: Scatter-plot Diagram between Data Obtained for Zn by
ICP-MS (ACME) and ICP-AES (Skopje)

Figure 6: Critically Polluted Topsoil with Zinc in K. Mitrovica Area
According to New Dutchlist

over the intervention value of 720 mg/kg according to
New Dutchlist [38]. It was found that this main polluted
area covers 40 km2 (Fig. 3) with the average concentration
of Zn is 1127 mg/kg (from 721 to 11900 mg/kg) which
is about 17 times higher than the European Zn average
(Table 3).

Table 3
Statistical Data for the Main Polluted Area

Area Average Min Max

Zn 40 km2 1127 mg/kg 721 mg/kg 11900 mg/kg

Conclusion

The results of the study of spatial distribution of zinc in
topsoil (0-5 cm) over the K. Mitrovica region, Kosovo
show that the average content of Zn in the topsoil for the
entire study area is 520 mg/kg (with a range of 32–11,900
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mg/kg) which exceeds the estimated European zinc
average by a factor of 7.6. It is evident that the content
of zinc is very high in topsoils from the areas of the lead
and zinc smelter plant, as well as in the topsoils from the
part of the city of K. Mitrovica. In the region of Zvečan
and K. Mitrovica several topsoil samples with extremely
high content of zinc are present. The main polluted area
was found that covers 40 km 2 with the average
concentration of Zn is 1,127 mg/kg (from 721 to 11,900
mg/kg) which is about 17 times higher than the European
Zn average.
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