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INTRODUCTION

The impact of various components, released 
as pollutants after the technological processes is 
undeniable. They indirectly and continuously af-
fect the environment, human health and the living 
world in general [Smołka-Danielowska, 2006]. 
Discharged waters can enter the underground 
soil layers, carrying pollutants (heavy metals) 
that may be absorbed by the plant [Pendias et al., 
2000], and then enter the food-chain, being harm-
ful to animals and humans, [Demaku et al., 2011]. 
The deposited remains from the use of coal are 
leached by rainwater which carries the dissolved 
metal ions in the underground water stream. Dif-
ferent phenomena acting on earth that reduce the 
hazardous effects of pollution – to a certain ex-
tent– include the acid-base reactions with soil, 
precipitation, oxido-reduction, sorption and other 
biochemical degradation processes [Jaguś et al., 
2019]. In this way, an amount of organic haz-
ardous substances is decomposed, while heavy 

metals are sorbed by the soil itself. Productive 
land is composed approximately in 95% of in-
organic matter [Mohammed, 2010]. In turn, the 
organic matter constitutes about 5%. Therefore, 
in this case, water is most necessary for the pro-
duction of vegetation (when it contains dissolved 
ions and other beneficial compounds), and in gen-
eral for the support of the plant life [Chirenje et 
al., 2002]. The most important soil function is the 
capacity to exchange ions and essential metals 
in the form suitable for plant uptake [Nagajyoti 
et al., 2010]. Most of the groundwater originates 
from atmospheric waters, i.e. precipitation of 
water in the form of rain or snow [Fulekar et al., 
2007]. If water from this source is not lost dur-
ing evaporation or transpiration, it can infiltrate 
into the ground [Jaguś et al., 2019]. At moder-
ate levels, the soil particles are covered with 
water layers, but air is still present in the pores 
of the soil. At higher depths, in the presence of 
sufficient quantities of water, it fills all the pores 
and gives the saturated area, the upper level of 
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ABSTRACT
The authors analyzed the physicochemical parameters and heavy metals characterizing the wells at three different 
sites (nearby villages) in the area of KEC (Kosovo Energetic Corporation). The KEC power plants are the only 
ones in Kosovo that use fossil-fueled energy (lignite) for the production of the electricity. This process may pollute 
the environment through the release of airborne aerosols (contaminated with metals), ash (a part of its content that 
leaches in the underground waters), etc. This pollutes air, surface water, groundwater and soil. In addition, the coal 
exploitation activity as raw material for power plants, excavating from mining basins, conveyor belt transport, 
separation before combustion and other processes involving the formation of dust sources and coal particles in the 
air also contribute to the pollution. Thus, it is of utmost importance to evaluate the water quality of the wells that 
are used as drinkable water sources by the people that live in this industrial area. 
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which represents the depth of the groundwater; 
therefore, the water present in the saturated area 
is called groundwater [Verma et al., 2017]. Be-
cause of the surface tension, the water is drawn 
up over the depths of the groundwater through the 
capillary passages [Fytianos et al., 2007]. Apart 
from the above-mentioned oxygen [Nagaraju et 
al., 2016], silicon and clay minerals, heavy met-
als and organic compounds that penetrate into 
soil and plants constitute other influential factors 
[Rauret, 1997]. Heavy metals can be emitted to 
the environment from natural and anthropogenic 
sources, mainly from mining and industrial ther-
mal activity [Zhu et al., 2011]. Assessing the pol-
lution of an ecosystem also involves the analysis 
of the concentrations of heavy metals in natural 
[Chen et al., 2017] and contaminated waters; 
therefore, heavy metals enter the group of dan-
gerous non-degrading pollutants [Bradl, 2005]. 
The exposure to heavy metals can result in an 
increased risk of various neurological diseases;  
many studies show that most of the chemical ele-
ments constitute neurotoxins, including: Hg, Pb, 
As and Cd [Fulekar et al., 2007].

MATERIALS AND METHOD

In order to determine the physicochemical 
quality of groundwater more efficiently, the au-
thors applied: The Council Directives and the 
European Parliament (98/93 / EC), [Directive. C, 
98/83/EC., 2017] for waters intended to be used 
for human consumption and the Water Frame-
work Directive (DKU-WFD) 2000/60, [European 
Parliament and of the Council., 2000], for the 
monitoring of the physical-chemical status of wa-
ters, directives in which groundwater.

The sampling was done in July 2018. The 
physicochemical analysis was performed by us-
ing the following instruments: Secom am Prim 
Leigh Spectrophotometer, WTW S12 Photom-
eter, Secom am Pastel UV Spectrophotometer 
and other classic chemical analysis methods. The 
concentration of heavy metals was determined 
by using the ICP-OES method (at the “Agroved” 
Laboratory) [Canbay et al., 2016]. 

The sampling and the sample preparation 
were done according to the standard meth-
ods. The water samples were placed in plastic/ 
polyethylene (PVC) bottles (2L volume). The 
sampling was performed by placing the bot-
tle in the opposite direction of the water flow. 

Immediately, another bottle was filled and treat-
ed with nitric acid, to preserve it for the determi-
nation of heavy metals, [Kadriu et al., 2017]. At 
the sampling site, air and water temperature, pH, 
electrical permeability, taste, color, wind and 
turbidity were determined. The sampling coordi-
nates were taken using GPS and presented with 
the Google Maps/ Google Earth application. The 
sampling sites were identified as: M1-Village: 
Graboc (description: 30 m from the 30 year old 
landfill), M2-Village: Kuzmin (description: 4 
km in between two old landfills) and M3-City: 
Fushë Kosovë (description: a city that is 1.3 km 
from the landfill).

Power Plant `Kosovo`

Although Kosovo is a small country in 
terms of its surface area, its subsoil is rich in 
energy sources and minerals. In Kosovo, about 
10–12 billion tons of lignite coal was estimat-
ed to be present in two basins: in the basin of 
Kosovo and Dukagjini districts. The calorific 
value of Kosovo’s coal is between 1800–2000 
kcal , and is used mainly for the production of 
electricity. The coal has been used since the 
1960s in the villages of Mirash, the Bardhi 
Madh, Hade and Sibovc. 

The annual production of the coal reaches 
around 6 million tons per year, during its process-
ing it also releases the ashes [Igor et al., 2013], 
which represent the flying dust that and can po-
tentially enter the surface waters and groundwater 
[Kadriu et al., 2017].

RESULTS AND DISCUSSIONS

The results of the physicochemical analysis 
are presented in Table 1. The obtained results 
were compared with the Water Framework Di-
rective (DKU-WFD, 2000/60), [European Par-
liament and of the Council, 2000], and meet the 
criteria imposed from this directive.

Although the physicochemical parameters 
give some insights regarding the water qual-
ity [Szalinska et al., 2018], they do not offer 
the complete image regarding the water pollu-
tion [Milaim et al., 2018]. In order at least to 
have an idea about the inorganic contaminants, 
we evaluated the concentration of some heavy 
metals (As, Cd, Co, Cu, Fe, Hg, Mn, Ni, Pb, 
Mo, Zn). 
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Heavy metals such as: Cd, Co, Cu, Hg, Ni, 
Pb and Mo are below the detection limit of the 
ICP-OES. The results for other heavy metals are 
presented in the Table 2. 

In order to have a better understanding re-
garding the heavy metal contents in between the 
three analyzed sampling positions, the dendo-
gram is represented in the Figure 2. The highest 
similarity is found between the M2/M2 sampling 
positions. M1 is a distinctive sample in regard to 
its chemical composition. 

In this context, the sample represents a possible 
external impact that is caused from a pollution source 
[Vaverková et al., 2018] that is dissimilar from the 
two former ones. As M1 is near the oldest landfill, 
this difference could have its origin from different 
leaching ability of heavy metal ions, imposing a dif-
ferent concentration profile in underground water.

The differences can be are better analyzed 
through the Principal Component Analysis (PCA) 
[Everitt et al., 1992]. On the basis of the principal 
component scores, PCA is able to examine mul-
tivariate relationship and explain the variance in 
the data while reducing the number of variables 

to several groups of individuals [Everitt et al., 
1992]. The PCA results are presented in Figure 3 
(a. the Scree plot and b. loading plot). 

The differences among the four heavy met-
als (Figure 3a) content are explained using the 
first two components of the Scree plot. The PCA 
shows two different groups: the first group (As, 
Mn and Fe) and the second one (Zn). 

This shows that although the landfill has simi-
lar impact with regard to As, Mn and Fe in all 
samples, the Zn metal might also originate from 
other potential sources such as: metal junkyards, 
which are very common in this area. 

CONCLUSIONS

In this study, several heavy metals (As, Cd, 
Co, Cu, Fe, Hg, Mn, Ni, Pb, Mo, Zn) were an-
alyzed in the well samples with the statistical 
methods. From the discussions above, the au-
thors arrived at the following conclusions. (1) 
The difference in the content of the metals in the 
moss samples in influenced by the local pollution 

Fig. 1. Location of KEC ‘Kosovo’
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source (metal junkyards); (2) the PCA analyses 
show that the Zn metal has a distinctive source of 
pollution (3) the physicochemical results are in 
accordance with the Water Framework Directive 
(DKU-WFD) 2000/60. 

Generally, as these wells are used from the 
people that live in the nearby area, we propose 
that local authorities should monitor these water 
sources periodically and also analyze these waters 
for possible organic contaminants. Furthermore, 

Table 1. Results of physical-chemical parameters

Chemical parameters M1 M2 M3
pH 7.59 7.30 7.09
Electrical conductivity ( µs/cm3) 1132 1702 1488
Color transparent transparent transparent
Taste no taste no taste no taste
Residue after evaporation (mg/dm3) 747 1123 982
Biochemical Oxygen Demand – BOD  (mg/dm3) 1.2 6.3 2.8
Chemical Oxygen Demand  – COD (mg/dm3) 2.6 10.5 5.6
KMnO4 titration (mg/dm3) 6.48 6.84 6.95
M- Alkaline MA ( mmol) 7.50 10.60 8.20
Acidity ( mg/dm3, CaCO3) 43 48 51
Chlorides Cl- (mg/dm3) 23.8 60.4 59.3
Calcium Ca2 + (hardness, dH) 19.7 27.2 29.3
Magnesium Mg2+ (hardness, dH) 9.63 17.8 10.36
Sulfates SO4

2- (mg/dm3) 128 191 266
Total hardness dH 29.3 45.0 39.6
Bicarbonate HCO3

-  (mg/dm3) 457.5 646.5 500.2
Turbidity NTU 1.8 3.6 3.9
Phosphates PO4

3- (mg/dm3) 0.002 0.002 0.002
Ammonium ions (NH4

+) (mg/dm3) 0.036 0.048 0.11
Nitrates (NO3

-) (mg/dm3) 6.20 0.82 5.73
Nitrites (NO2

-)  (mg/dm3) 0.03 0.03 0.22

Table 2. Concentration of heavy metals

Elements Unit Method Mean Median Minimum Maximum
As

mg/1 EPA 3015A
EPA 6010C

0.007 0.01 0.005 0.01
Fe 2.86 5.69 0.8 5.69
Mn 0.00867 0.014 0.005 0.014
Zn 0.0977 0.2 0.019 0.2

Fig. 2. Dendrogram of cluster analysis of the heavy metals in well samples for three different sampling positions
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one should also analyze the pollutants in soil and 
the agricultural crops to have a full picture re-
garding the heavy metal presence in this area. 
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