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Abstract
Atmospheric deposition of heavy metals on the territory of Kosovo was studied using the already widely used
technique of mosses as biomonitors. This is a very convenient method as it uses natural samples, and thus
avoids many di�culties associated with man-made samplers. Nine heavy metals (Al, Cd, Cr, Cu, Fe, Mn, Ni, Pb,
and Zn) were determined in 45 moss samples. Statistical analysis was performed to better present and
explain the data. High concentrations of Pb, Zn, Cd, and Ni were found near industrial sites and near more
densely populated areas. Principal component analysis (PCA) identi�ed more polluted sites such as Zveqan,
Stanterg, Prapashticë, Siboc, and Lupç. It was also found that Pb, Zn, Cd, Cr, and Ni are the heavy metals that
affect these polluted sites the most. The contamination factor (CF) and the polluted load index (PLI) were
calculated. CF showed that only Mn, Cu, and Zn, had no or almost no contamination no contamination levels
over the range of moss samples, while Cd and particularly Pb gave extremely high values for CF, indicating
extreme contamination levels. Pollution load index also showed that only a few samples are slightly polluted,
while most of the samples shown considerable and very high levels of pollution.

Introduction
Industrialization and development as necessary as they are, bring di�culties along. One of the worst
consequences of industrialisation is the production of a lot of waste materials, which very frequently are
harmful to the environment. Chemical pollutants generated from many industrial processes and other human
activities are spread in waters, soil, and air, depending on their chemical-physical properties and the nature of
the industry. Air pollution is a very serious issue and it has been reported continuously worldwide (Webb et al.
1992; Rocher et al. 2004; Soltanali et al. 2008; Silva et al. 2014; Li et al. 2017; Zhu et al. 2018; Ribeiro et al.
2019; McDonnell et al. 2020). Of course, Kosovo makes no exception regarding air pollution (Arditsoglou and
Samara 2005; Kabashi et al. 2011; Zeneli et al. 2011).

Among air pollutants heavy metals are very common in every inhabited area, and also in not inhabited remote
ones (Kord et al. 2010; Thöni et al. 2011; Vianna et al. 2011; Silva et al. 2014; Abuduwailil et al. 2015). They
can harm human health in various ways once entering the organism (Järup 2003; Kampa and Castanas 2008;
Kelly and Fussell 2011). Heavy metals can be inhaled with air (Järup 2003; MacNee and Donaldson 2003) or
ingested with food, such as vegetables which have been exposed to polluted air or water during their
development (Pandey and Sharma 2002; Khan et al. 2015; Shahid et al. 2017). Adverse effects have also been
reported on plants and animals (Pandey and Sharma 2002; Reis et al. 2010; Khan et al. 2015). Therefore it is
necessary to continuously measure the levels of heavy metals in air, so that appropriate actions can be
initiated when they are beyond tolerated values.

Heavy metals are introduced into the atmosphere through various ways. Globally, they can rise into
atmosphere from wind-blown dust, aerosols formed at sea surface, forest �res, volcanoes, and from biological
processes such as methylation (Duce et al. 1975; Lantzy and Mackenzie 1979; Thayer and Brinckman 1982;
Nriagu 1989). Anthropogenic origin of metals in the atmosphere is also signi�cant and has had a continuous
impact on living organisms. Metal production involves several sub-processes; such as digging, transport and
crushing of the minerals, grinding, and concentration processes which are followed by extraction methods of
metals from ores. During each stage dust and gasses can be released into the atmosphere. Thus, many
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reports have emerged indicating that mining and ore processing industry contributes to the atmospheric
pollution with heavy metals (Lantzy and Mackenzie 1979; Walsh et al. 1979; Thayer and Brinckman 1982;
Romo-Kröger et al. 1994; Mansha et al. 2012). Other sources of anthropogenic pollution are tra�c, waste
incineration, oil, fuel, and coal combustion (Trindade et al. 1981; Pacyna et al. 2007; Xia and Gao 2011;
Suvarapu and Baek 2017).

The monitoring of metals atmospheric deposition, traditionally is performed by collectors which are spread
throughout the area which is intended to be monitored. Despite the advantages this approach has, there are
also drawbacks to be considered. Collectors have to be built, transported and maintained. This makes it
complicated to be operated and expensive in comparison to some naturally grounded methods, such as moss
survey (Schröder and Nickel 2019). Mosses grow naturally and it is easier to cover more area with higher
density of sampling points with less cost (Harmens et al. 2010). They are currently widely used in monitoring
of atmospheric heavy metals deposition because of their characteristic structure. Their cuticle being very thin,
enables good permeability towards atmospheric gaseous, metals, water, and other chemical species along
with it (Roberts et al. 2012; Mahapatra et al. 2019). The absence of real roots largely restricts the nutrients
absorption to substrates they grow on (Mahapatra et al. 2019). They also contain a variety of organic
molecules, which can act as complexing agents and ion exchange sites that can retain metals in the plant
tissues (Wells and Brown 1990; Azuma et al. 2000; Klavina et al. 2015). These facts have made mosses a very
suitable mean for air pollution investigation (Steinnes et al. 1994; Zechmeister 1998; Rühling and Tyler 2004;
Harmens et al. 2010; Qarri et al. 2014; Barandovski et al. 2015; Macedo-Miranda et al. 2016; Lazo et al. 2018;
Sta�lov et al. 2018; Schröder and Nickel 2019).

This work aims to estimate the atmospheric deposition of most commonly expected heavy metals in Kosovo
using mosses as bioindicators. It also intends to �nd patterns of the data distribution in order to locate the
main sources of pollution through statistical analysis. The moss collection in Kosovo for the purpose of
heavy metals atmospheric deposition analysis was �rst performed in 2010 (Maxhuni et al. 2016). Nine metals
were investigated, namely: Cd, Cr, Cu, Fe, Hg, Ni, Mn, Pb, and Zn, in 25 sampling points. It was found that the
concentrations of metals, reached pollution levels with variation throughout the area studied. In this survey 45
samples were collected over the whole territory of Kosovo, evenly spread to the possible maximum allowed by
moss presence. The concentration of Al, Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn, as more commonly expected heavy
metals were determined in moss samples. The data obtained were processed by statistical analysis in order to
identify polluted sites and pollution sources as well as to estimate the level of contamination.

Materials And Methods

Study area
Kosovo is situated in the centre of Balkan Peninsula with geographical coordinates between longitudes 41°
50′ 58″ and 43° 15′ 42″ and between the latitudes 20° 01′ 30″ and 21° 48′ 02″. It has a surface area of 10,900
km2 with an average altitude of about 800 m above sea level. It is characterized by a complex geologic setting
and high mineral activity of Pb-Zn, Cu, Ni, and Cr throughout the territory. The total estimated land is at
858,063 ha, and about 63.3 % is agricultural land area, and 35 % is forest area. The geology of Kosovo is
complex, with formations created at different intervals of geological timeline (Fig. 1). Metamorphic, �ysch,
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carbonate rocks and clastic sediments appear to cover most of the area. Then, there are deluvial/proluvial
sediments mostly in the west, south and to the east of the territory, magmatic rocks mostly are found in the
north and the east and magmatic rocks mostly in the north and north/east. There are also alluvial sediments
which lie along the river basins, such as Drin, Sitnica and Morava rivers.

Sampling
Moss samples were collected during the dry season of summer, August to September. The procedure of
sampling was in accordance with Monitoring Manual of “International Cooperative Programme on Effects of
Air Pollution on Natural Vegetation and Crops, 2020. Three types of mosses were collected: Homalothecium
sericeum (Hedw.) Schimp. 1851, Hypnum cupressiforme Hedwig. 1801, and Pseudoscleropodium purum
(Hedw.) M.Fleisch. Three to ten (mostly over �ve) samples were collected at each sampling site, in an area of
(50 x 50) m. The collected mosses were put in paper bags of 1 L which were stored for 5–7 days at ambient
temperature (20–25°C) prior to cleaning. Moss samples were taken at least 100 m away from small roads
and over 300 m away from main roads, villages and industries. All samples were collected from ground soil
avoiding rocks, and only sometimes from rotten branches or tree trunks, in open �elds with low shrubs or
without shrubs. In case of forest areas, open gaps of at least 10 m diameter were chosen for mosses
sampling and at least a 3 m distance from the nearest tree canopy drip was always respected.

Digestion
Interfering materials such as other herbs, leaves, twigs, and vegetation parts were carefully removed to leave a
clean moss mass. After this mosses were grinded by hand using gloves and dried at 40°C for 48 h. Samples
were digested in a microwave system by the wet digestion method. 0.5 g of sample were put in the Te�on
tube, where 7 ml of nitric acid and 2.5 ml of hydrogen peroxide were added. The mixture was left to react for
10 minutes in order to give some time reactions to take place and some gases to release, so that less pressure
would develop in the Te�on tube during microwave digestion. Then Te�on tubes were put in the microwave
system with a 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, hold time of 23 min at 50°C. After digestion the obtained solutions were
�ltered in 25 mL Te�on �asks and the rest of the vessel was �lled with redistilled water in which chemical
analysis was performed.

Instrumentation
All reagents used in this work were analytical grade or better: nitric acid, trace pure (Merck, Germany) and
hydrogen peroxide, p.a. (Merck, Germany). For glassware washing and other tools used for preparation of
samples redistilled water was always used, as well as for solutions preparation. Standard solutions of metals
were prepared by dilution of 1000 mg/L solutions (11355-ICP multi Element Standard).

Inductively coupled plasma—atomic emission spectrometry (ICP-AES) was used for the determination of the
following elements: Al, Cr, Cu, Fe, Mn, and Zn (Varian, model 715ES). The QC/QA of the applied technique was
performed by standard addition method and it was found that the recovery for the investigated elements
ranges from 98.5–101.2%. Quality control was also ensured by standard moss reference materials M2 and
M3, which are prepared for the European Moss Survey (Steinnes et al. 1997b). The measured concentrations
were in good agreement with the recommended values.
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For the determination of Cd, Ni, and Pb, the isotopes 60Ni, 114Cd, and 206Pb, 207Pb, 208Pb, inductively coupled
plasma - mass spectrometry, ICP-MS (Plasma Quant ICP-MS, Analytic Jena, Germany) was used. External
calibration was performed by measuring standard solutions of these elements at 0.5, 1, 2, 5, 10 and 100 µg/L
concentrations for following isotopes 114Cd, and Pb (206Pb, 207Pb, 208Pb). No internal standards were used.
Detector attenuation mode was used to cover wide range of linearity without of collision gas. For the
problematic isotopes such as 60Ni, He was used as a collision gas. 60Ni was determinate by external
calibration in range of 1, 5, 10, 50 100 and 500 µg/L. The limit of detection and quanti�cation was
automatically calculated by the instrument software (Aspect MS 4.3, 2017). Standard solutions were inserted
into the sample sequence at every 20 samples to verify sensitivity and repeatability. The recoveries of these
elements were 82.1–105.1%.

Statistical analysis
Distribution maps of elements as well as basic and multivariate statistical analysis was performed on the
data obtained from chemical analysis of mosses samples. Statistica 13 software package (StatSoft, Inc.,
Tulsa, OK, USA), whereas the date visualization was performed by means of several soft-ware packages:
Statistica 13 (StatSoft, Inc., Tuls, OK, USA), QGIS and Surfer 17 (Golden Software, Inc., Golden, CO, USA).
Some of the basic statistical quantities calculated, were the mean, median, minimum, maximum, tenth
percentile, ninetieth percentile, standard deviation, coe�cient of variation, standard deviation (standard error),
MAD (median absolute deviation), skewness, kurtosis. Pearson correlation coe�cients were calculated for all
the elements concentration in samples and values 0.30 and higher were considered as signi�cant. In order to
reveal the possible polluted sites, principal component analysis was performed and sampling sites ware
plotted in two principal components graph.

Pollution indices
Contamination factor (CF) (Fernández and Carballeira 2001) and pollution load index (PLI) were calculated
(Tomlinson et al. 1980), for pollution level evaluation. The formula for calculation of CF used to evaluate the
pollution of a single heavy metal in the mosses samples is:

Where CF is the contamination factor for a heavy metal; Ci
sample is the measured value of the heavy metal in

mosses; Ci
reference the median of the heavy metal in Norway mosses samples in this study. CF values are

categorized as follows (Fernández and Carballeira 2001): CF < 1 – no contamination, 1 ≤ CF ≤ 2 – suspected
contamination, 2 ≤ CF ≤ 3.5 – slightly contaminated, and 3.5 ≤ CF ≤ 8 – moderate, 8 ≤ CF ≤ 27 severe, and
CF > 27 extreme contamination factor.

The pollution load index of one sampling site is calculated as the n-th root of the product of n CFs of the
metals (Tomlinson et al. 1980):
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Whereas the PLI of the whole zone (in this case the territory of Kosovo) is calculated according to the formula:

Where site is sampling site and n is the number of sampling sites. The obtained PLI values are categorized as
follows (Zhang et al. 2011): PLI = 0 background concentration, 0 < PLI ≤ 1 unpolluted, 1 < PLI ≤ 2 moderately
to unpolluted, 2 < PLI ≤ 3 moderately polluted, 3 < PLI ≤ 4 moderately to highly polluted, 4 < PLI ≤ 5 highly
polluted, and PLI > 5 very highly polluted.

Results And Discussion
The determination of nine heavy metals was performed in 45 moss samples collected throughout the Kosovo
territory. To better present and understand the concentrations which resulted from the chemical analysis, the
crude data were processed by statistical methods. In table 1 descriptive statistics quantities are presented. In
the table high concentrations of Al and Fe stand out, which are followed by Mn. High concentrations of these
heavy metals are always expected as they are the prevailing heavy metals of earth’s crust. Zn and Pb also
occur in high concentrations but less than Mn. The order of median concentration of the analysed metals is,
Al > Fe > Mn > Zn > Pb > Cu > Cr > Ni > Cd. A striking difference between the maximum concentration and the
90th percentile can be observed for Ni and Pb. Although the maximum concentrations of these two elements
are very high - 79 mg/kg for Ni and 38 mg/kg for Pb - their 90th percentiles are only 6.1 mg/kg and 10 mg/kg
correspondingly. A big difference between the maximum concentration of 150 mg/kg and the P90 49 mg/kg
was found also for Zn. The big difference between these two statistical quantities, indicates distinguishable
zones over the study area with the presence of particular heavy metals, which can also mean presence of
pollution. The high values of skewness and kurtosis, indicate that the distribution of concentrations of heavy
metals in moss samples is not normal. Except for Pb and Ni the concentration distributions of all other heavy
metals �t more closely lognormal distribution. Pb and Ni have also high coe�cient of variation, most probably
arising from arti�cial introduction of these two elements in the environment.

Spatial distribution 

Spatial distribution maps of studied heavy metals are presented in �gure 3. Al and Fe show very similar
distribution patterns. Their highest concentrations are found in the east of Kosovo as well as around the
centre. Maximum concentration of these two metals is found in Siboc (28) municipality of Obiliq, 2700 mg/kg
for Al and 2000 mg/kg for Fe. High concentrations of Al and Fe are expected as they are the most abundant
metals naturally present in soil, whereby under the effects of wind and precipitation they reach mosses.
However the anthropogenic origin cannot be fully excluded (Ötvös et al. 2003) . The maximum Fe
concentration in the present moss survey (2000 mg/kg) is lower than that of 2010 survey which was 3082
mg/kg, but the median is higher, 820 mg/kg vs 288 mg/kg (Maxhuni et al. 2016). Noteworthy is the fact that
the difference between the present heavy metals concentration in mosses and that of 2010 survey, cannot be
taken as completely valid as none of the sampling locations is the same, and the number of sampling points
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is larger in the present study. This should be considered every time the 2010 survey is referred to in this work.
As can be seen in the distribution map, the lowest concentration of both elements are mostly found in the
south and in the most north of sampling area. Both metals are present mostly in the districts of Prishtina and
Gjilani. Geologically they are mainly present in the areas of clastites of Neogene-Paleogene and �ysch of
Mesozoic, where they occur in �ne soil particles owing to rock weathering under atmospheric conditions and
geological processes, whereby transferred in moss by wind and precipitations. 

            Manganese concentrations are also high in all moss samples with a maximum of 360 mg/kg in
Petrovë (12), then Reqan (9) 329 mg/kg and Zveqan (41) 312 mg/kg. The highest concentrations of Mn lie
almost in a diagonal of the Kosovo map from the north to the south. Mn also is a heavy metal with mostly
geogenic origin, but according to its distribution map some anthropogenic contribution may be possible, as in
the north of Kosovo Trepça mining and Coal powered electricity plant operate. Compared with 2010 survey,
Mn concentration in the present survey is slightly higher (Maxhuni et al. 2016). Its concentration is
comparable to values found in Albania and North Macedonia 2015 survey (Sta�lov et al. 2018; Lazo et al.
2019), and very much smaller than the values found in Norway in 2015 (Steinnes et al. 2016). Prishtina,
Prizreni and Mitrovica are the districts where Mn is present in highest concentrations, whereas according to
geological areas it has the highest concentration in deluvium/proluvium of Quaternary period, Magmatic
rocks of Paleogene – Neogene, and �ysch of Mesozoic era. It can be seen that the highest concentrations of
Mn relate mostly to particular geological formations which are found in the Prizren district, where there are not
any heavy industrial sites. This area in the south, lies close to the border with North Macedonia where Mn was
also found at high concentration in mosses (Sta�lov et al. 2018). High presence of Mn in the Mitrovica district
in Zveqan (41) corresponds to the mining area, but not only, as there is Lupç (37) where its concentration is
also high (although lower than in Zveqan). Both, Zveqan and Lupç are found on or very close to Magmatic
formations of Neogene-Paleogene and Clastic of Mesozoic. Lupç (37) is a relatively remote area where heavy
pollution emissions are not expected - unlike Zveqan is - however Mn concentration in moss is high, probably
indicating that Mn is mostly of geogenic origin even in Zveqan (41).

            Zinc, lead, and copper come next as the most concentrated heavy metals in mosses samples in the
territory of Kosovo. All of the three are found around the pollution sources, such as lead and zinc Trepça
mines and ore processing units, ferro-nickel smelter in Drenas, coal power plant in Obiliq, and cement
production plant in Hani i Elezit. Clearly these elements in the just mentioned areas are of anthropogenic
origin. Zn is found at highest concentrations in the north of Kosovo at sampling points Zveqan (41) 86 mg/kg
and Stanterg (42) 146 mg/kg, then in Çikatovë (27) 64 mg/kg and Shalc (34) 61 mg/kg. All those points in the
district of Mitrovica where Zn concentration is the highest, are shown in �gure 3. The median of Zn is lower
than in the 2010 survey, the maximum is around twice as high. The median and maximum of Pb is slightly
lower than in 2010, whereas the median of Cu is higher and the maximum lower than in 2010. The median
concentration of Zn and Pb are higher than in Albania, North Macedonia and Norway, except for Zn which
median is the same as in Norway (Steinnes et al. 2016; Lazo et al. 2018; Sta�lov et al. 2018). In the contrary,
median concentration of Cu was lower than in above mentioned countries. The highest concentration of Zn
corresponds with geologic formation of Magmatic rocks of Neogene-Paleogene which are located around the
same sampling sites too. Lead is more present in the North, in the South-West, and in the South-East, with
concentrations lower than Zn and more heterogeneously distributed. Districts with the highest concentration
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of Pb are Mitrovica and Prizren, whereas according to geological composition Pb reaches the highest
concentrations in Magmatic rocks of Paleogene-Neogene. Pb shows a similar pattern to Zn because of the
Lead/Zinc mines and smelter in Mitrovica which clearly is the main source of these two heavy metals.
Relatively high concentrations of Pb were found in the district of Prizren (7.9 – 10.08 mg/kg), despite the fact
that there is no industry involving Pb particularly. In this regard it can be said that, apart from the tra�c
emissions coming from the roads and the highway, which pass just beside or join in the Prizren city, long
range atmospheric transport may also contribute to the overall Pb concentration in moss samples (Steinnes et
al. 1997a; Steinnes 2001). Cu is mostly present From the North to the South in the districts Mitrovica,
Prishtina, Prizren, and Gjilan. Its highest concentration is found at sampling site Shalc (34), it is 8 mg/kg. Cu
concentrations are lower than those of Zn and Pb, whereas they are more evenly spread than Pb. The districts
with highest concentrations lie on the areas of geologic formations where Cu concentration is also high.
Considering the fact that geologic areas where Cu concentration is higher, do not always correspond with
pollution sources, it may be thought that Cu occurs in mosses due to natural processes. Particularly high
concentrations of these heavy metals in the north have been reported also for soil samples (Šajn et al. 2013;
Kerolli-Mustafa et al. 2015b; Kastrati et al. 2021), which partly explains their concentration in mosses. Fine
dust particles contaminated with heavy metals, can become airborne during dry seasons and spread by wind
in larger areas. But emissions during ore processing also can be spread and settle over a vast territory during
time under gravity or by precipitations.

            Chromium and nickel have a spatial distribution somewhat similar. Their highest concentrations
appear in the west, centre and in the east of sampling area. The highest concentrations of Cr are those in
sampling points Prapashticë (30) 10 mg/kg, Reqan (9) 6.6 mg/kg, and Lupç (37) 5.9 mg/kg. Cr and Ni
medians are only slightly smaller than the 2010 survey in Kosovo, whereas medians of these two heavy
metals are lower than those of Albania and North Macedonia but higher than Norway (always 2015 surveys).
Prishtina is the district where Cr is at highest concentration, followed by Prizreni, and Peja. Geological
formations that contain mostly Cr are clastic sediments of Neogene-Paleogene, whereas it is found at lowest
concentrations in carbonate and metamor�c formations of Paleozoic. Ni represents an outstanding peak in
sampling point Harilaq (22) 79 mg/kg, then in Llapushnik (21) 19.8 mg/kg, and Çikataovë (27) 11.6 mg/kg.
These high concentrations compared to other samples are expected as the three sampling points are located
just close by the Ferro-Nickel facilities, and they are as e result of direct pollution. Ni is most present in
samples of the District of Prishtina, whereas Magmatic rocks of Mesozoic are the geologic areas where it is
present mostly, with e very high difference compared to other geologic formations. The three sampling points
with peak Ni concentration fall also in the areas of Mesozoic rocks, but outstandingly higher concentrations
than in other Mesozoic rocks areas indicate the presence of pollution.

            Cadmium is the heavy metal with the lowest concentration in mosses samples in the territory of
Kosovo. Cd concentrations are the highest in sampling points Stanterg (42) 2 mg/kg and Zveqan (41) 1.7
mg/kg, Siboc (28) 1.15 mg/kg, Te Kalaja (25) 1 mg/kg, Kaçanik (6) 0.8 mg/kg. All these sampling points
correspond to sites where pollution is expected because of industrial activities. Cd median is greater than that
of 2010 survey in Kosovo, as well as it is greater than the medians found in Albania, North Macedonia, and
Norway (2015 surveys). Districts with highest concentrations of Cd are Mitrovica and Gjilani, whereas
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according to geological formations it is Magmatic rocks of Paleogene-Neogene the formation with the highest
concentration, and Carbonates of Paleozoic come second. 

Multivariate analysis

In order to identify the pollution or geogenic origin of heavy metals studied, multivariate statistical analysis
was carried out. In table 2, Pearson correlation coe�cients are given for each combination of elements, where
six signi�cant correlations can be seen, all with p value under 0.05. The strongest correlation was observed for
Al and Fe with a value of 0.936, then Zn and Cd with a value of 0.856. Strong correlation coe�cients showed
the pairs Fe – Cr (0.751) and Al - Cr (0.656), whereas there was only one moderate correlation Pb – Cd (0.437).
Other correlations were weak or very weak.

            To identify possible patterns of heavy metals distribution in mosses samples, and from it possible
polluted areas and pollution sources, principal component analysis (PCA) was performed. The results
obtained are shown in �gure 4. The PCA analysis produced two main components (PCs), the �rst PC
accounted for 29.75% of the total variance and the second PC for 26.25% of it. Sampling sites could be
visualized in the plot of scores of PC1 and PC2. In the PCs score plot can be easily noticed the two sampling
sites, Zveqan (41) and Stanterg (42), which score highly on PC2 but also considerably on PC1 and Shalc (34)
score is relatively high in PC2. This result can be explained by the loading plot of the variables shown just
under the samples plot. It can be seen that Zn, Cd, and Pb also load highly on PC2 and to some value on PC1
also, and the direction of the vectors in PCs loading plot are similar as it is the placement of the sampling
points Zveqan (41) and Stanerg (42) in the PCs score plot. Similarly can be argued for Shalc (34). The angel
between Zn, Pb, and Cd vectors is also small, particularly for Zn and Cd, which indicates a high correlation
between these heavy metals. A high correlation of these elements as well as the vectors’ directions, show that
Stanterg and Zveqan have high scores mostly as a result of these elements’ high presence in that area. This is
obviously as a consequence of the Trepça mining and ore enrichment processes, as well as mineral tailing
dump just in the south of Mitrovica city (Šajn et al. 2013; Kerolli-Mustafa et al. 2015a).

            Sampling point Siboc (28) scored highly in both PCs, and Prapashticë (30), Lupç (37), and Reqan (9)
scored highly in PC1. The high scores of these sampling sites can be explained by high values of the variables
Al, Fe, and Cr. Although Al and Fe are mostly of geogenic origin, their particularly high concentrations in the
moss sample of Siboc (28) clearly reveal the atmospheric pollution effect of coal digging and burning in
electricity plant in Obiliq. Cr not being a crustal element but however present in this group of elements, also
may be an indicator of the pollution effect of electricity plant. Moreover Cr was found at relatively high
concentrations in the �y ash of lignite used to power the electricity plant (Kittner et al. 2018). Harilq (22)
scores relatively high in PC1 and PC2 mostly due to high presence of Ni, and it re�ects the atmospheric
deposition of dust emitted majorly by ferro-nickel mine in Magure which is located just nearby, and probably
also the geochemical composition of the surface soil of the area. As can be seen in variables loading plot, Cu,
Mn, and Ni do not show a signi�cant correlation between them or to any of the two already discussed groups.
The score plot of the sampling points also shows that most of them score around the origin or in the upper
left quadrant of the PCs axes, which means that most of the samples are not strongly in�uenced by the
variables under consideration.



Page 10/23

Pollution indices

To further estimate the atmospheric pollution level, the values of CF and PLI were calculated and are
presented in table 3. According to the categorization of the CF values given by Fernandez (Fernández and
Carballeira 2001), only Mn CF values fall in the no contamination interval since they never reach 1. Most of
the CF of Cu also do not exceed 1 as well as those for Zn, except for Zn in sampling points Çikatovë (27) with
a CF = 2.1 which corresponds to slightly contaminated, and Zveqan (41) CF = 2.8 and Stanterg (42) CF = 4.7
as moderately contaminated. Ni shows a variable CF values, among those four sampling sites correspond to
moderate contamination, two severe and one has extreme contamination factor. Severe CF was found in
Llapushnik (21) and Çikatovë (27), whereas extreme CF resulted Harilaq (22). In case of Al and Fe all
sampling sites lie on moderate contamination category or lower. Cr has three sampling sites with severe CF
and one with extreme contamination. Cd CF values are the highest for 10 moss samples and fall in the
extreme contamination category. All moss samples with high CF are located nearby industrial facilities
discussed previously, except Kukljan (1) where no industrial activities are performed but also the CF value of
this site is in the lower limit of the sever category (8.9). The highest CF appear to be for Pb, the most of the
sampling sites fall in the extreme contamination factor with values over 100, and the rest of samples
corresponds to severe contamination category. 

            The PLIsite values for nine heavy metals throughout the sampling area, and then only for four of them
are shown in �gure 6. When taking all the nine heavy metals in calculation - according to Zhang (Zhang et al.
2011) PLI categorization - none of the moss sampling sites falls in the category unpolluted site (�gure 6a).
Ten samples fall in the unpolluted to moderately category, 24 of them are moderately polluted, nine are
moderately to highly polluted, and two correspond with highly polluted category. The PLIzone for the whole
territory of Kosovo when all nine elements were included in the calculation was 2.5, which corresponds to the
moderately polluted. However when only Cd, Cr, Ni, and Pb were included in PLI calculation three sampling
sites were put in category moderately polluted, only one moderate to highly polluted, three highly polluted, and
38 samples corresponded to very highly polluted category (�gure 6b). The PLIzone of the entire study area now
is 5.1, which is just in the threshold of very highly polluted category. 

Conclusion
The estimation of atmospheric deposition of heavy metals in the territory of Kosovo was performed using
mosses as bioindicators. The concentrations measured in mosses samples vary greatly between heavy
metals, as well as for the single metals in different sampling sites. Particularly high concentrations of Zn and
Pb were found around the Trepça mining area around the city of Mitrovica. However both these heavy metals
are present in considerably high concentrations in most of the studied area, including areas where no great
pollution sources exist. For this reason more studies are required to well establish if long range transport from
known pollution sources is the main contributor to the content of these heavy metals in mosses, or if the
geochemical composition of the soil is more signi�cant. Ni, Cr, and Cd also showed spikes of concentrations
around industrial sites. Principal component analysis revealed particularly polluted sites such as: Zveqan (41)
Stanterg (42) polluted with Zn, Cd, and Pb. Then Siboc (28), Reqan (9), Prapashticë (30), and Lupç (37), with
high contents of Al, Fe, and Cr, and the rest of the samples which were more similarly affected by the metals
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und consideration. Harilaq (22) was found to be polluted majorly with Ni. Based on distribution maps and the
PCA analysis the most signi�cant sources of heavy metal pollution appear to be: Trepça mining and ore
processing facilities in Mitrovica, Artana, and Kishnica, then ferronickel smelter in Drenas and mine in Golesh,
thermoelectric power plant in Obilq, and cement production plant in Hani i Elezit. Urban areas such as
Prishtina city also contribute to pollution from heavy tra�c, combustion of coal for house heating and various
local businesses.

According to CF values only Mn, Cu, and Zn in most of sampling sites are not present at concentration when
contamination is to be considered. All other heavy metals are found at some contamination category. CF
shows that Pb content in mosses not only is at very extreme contamination category, but extremely high
compared to the begging limit of this category which is 27. PLIsite values also in none of the samples
correspond to unpolluted category when all the heavy metals are taken in calculation, and its values increase
even more when only Cd, Cr, Ni, and Pb are included in calculation. 38 sites of the sampling area fall in the
highest category of pollution for these four heavy metals.
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Tables
Table 1 Descriptive statistic of measurements for moss samples (in mg/kg)

Element X Md Min Max P10 P90 S CV SX MAD A E

Ala 1100 890 480 2700 600 1900 520 48 77 230 1.32 1.26

Cdb 0.48 0.36 0.16 2.1 0.23 0.80 0.38 78 0.056 0.11 2.59 7.69

Cra 3.1 2.6 0.93 10.1 1.5 5.5 1.8 58 0.27 1.0 1.64 3.90

Cua 3.9 3.9 2.6 8.1 2.9 4.6 0.94 24 0.14 0.52 2.14 8.00

Fea 920 820 430 2000 530 1400 390 42 58 200 1.09 0.47

Mna 110 88 41 360 50 210 74 67 11 28 2.01 3.98

Nib 4.4 1.7 0.46 79 0.82 6.1 12 270 1.8 0.75 5.98 37.83

Pbb 6.6 7.3 0.58 38 0.63 10 6.0 90 0.89 2.5 3.24 16.78

Zna 36 31 20 150 23 49 21 58 3.1 5.2 3.97 18.82

X - arithmetical mean, Md - median, Min - minimum, Max - maximum, P10 - 10 percentile, P90 - 90
percentile, S - standard deviation, SX - standard error of mean, CV - coe�cient of variation, MAD—median
absolute deviation, A -skewness, E - kurtosis, a - Determined by ICP-AES, b - Determined by ICP-MS.
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Figure 1

Map of the geological formations of Kosovo
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Figure 2

Map of the distribution of sampling points of mosses
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Figure 3

Distribution of the concentration of heavy metals in mg/kg in the study area
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Figure 4

Multivariate principal component analysis of nine heavy metals for 45 moss sampling sites
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Figure 5

Pollution load index calculated for nine heavy metals a), and b) for Cd, Cr, Ni, and Pb


