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Abstract: This study investigated the distribution of heavy metals in agricultural soils in the vicinity
of three large mining landfills of the Kizhnica mine in the Republic of Kosovo. The mining sector is
one of the most important sectors of Kosovo's economic development, and the Kizhnica mine is one
of the most important ore producers in Kosovo. Besides the positive aspects, the development of
production also has some negative side effects, such as the generation of industrial waste and the
possible contamination of surrounding areas, including agricultural land. Therefore, ten sampling
sites were selected in the vicinity of the Kizhnica mine. These sites were characterized and assessed
as the most important due to the anthropogenic impact of mineral processing and open-tailing
waste deposits in Kizhnica. The concentration of Pb, Zn, Cu, As, Cd, Ni, Mn and Sb in the selected
samples was determined using inductively coupled plasma-optical emission spectrometry. The
data obtained were used to create geochemical maps and to calculate the contamination factor, the
pollution load index and the geo-accumulation index. Cluster analysis, Pearson correlation
coefficient and air spatial distribution patterns using the air dispersion model were used to evaluate
within the area. The results showed that heavy metal levels are influenced by the anthropogenic
nature of pollution, confirming a current ecological threat from mining activities in the region. In
order to improve waste management, reduce the hazardous impacts of mining and contribute to
the sustainable development of the region, a potential reuse of the deposited waste material in the
construction industry is proposed.

Keywords: soil; heavy metals; contamination factor; pollution load index; geo-accumulation index;
air dispersion model

1. Introduction

Mining is the leading industrial activity in the Republic of Kosovo. This research is focused on
the analysis of heavy metals in agricultural soils in the vicinity of large mining landfills around the
Kizhnica mine (municipality of Gracanica). One of the landfills (10 ha) is active, while two others (70
ha) are inactive yet only partly covered by soil. During rainy periods, the presence of water promotes
the leaching of heavy metals from mining waste and can lead to contamination of nearby agricultural
soils. Therefore, the range of contamination and its relationship with nearby waste landfills is
determined.

The development of industry in Kosovo, primary mining, has had several positive and negative
effects for a long time. The negative effects relate to the hazardous impact of industrial waste on the
environment, which, in the end, probably has consequences for habitants and their quality of life. The
Kizhnica mine is located about 10 km southeast of the city of Prishtina and is rich in lead and zinc
ores [1]. The ore production was increased by implementing flotation whose waste material is
disposed on open landfills. Numerous studies [2-6] have shown that activities associated with lead
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and zinc production lead to considerable pollution in the surrounding area. The presence of heavy
metals in the soil prevents the agricultural use of the soil because plants absorb heavy metals from
the soil. The consummation of such plants brings heavy metals into human organisms. In addition,
heavy metals are not degradable, making it extremely difficult to restore polluted soil to its previous
state. [7-16].

Borgna et al. [17] investigated the concentration of 12 metals (As, Cd, Co, Cr, Cu, Ni, Pb, Sb, T1,
Th, U, and Zn) in surface soil (0-5 cm) and somewhat deeper soil-layers (5-50 cm) in river-valleys of
Iber and Sitnica (north part of Kosovo, area 350 km?) in 2009. They found an increasing trend in the
concentrations of the investigated metals when approaching the ore smelters in Zvegan. The pollution
ranged from 15-22 km around Zvecan. The concentrations of Pb, Zn, Cu, As, Cd and Sb were
particularly high. The main pollution was in the surface layer; pollution decreased with increasing
depth, and at a depth of 2 m, pollution was no longer detected in most areas, while the pollution was
still detected in low concentrations near the tailings [13-18]. Several studies reported that current
levels of lead exposure from mining are extremely high in soil and air [19-21]. The authors confirmed
that land use is affected by the concentration and distribution of heavy metals in the soil. The polluted
land cannot be used for agricultural production, thus reducing the income in the area. The deposition
of mining waste in open tailing and the soil is not a viable method because of future environmental
costs. Tailings are exposed to weathering, acid mine drainage and mobilization of metals. Weathering
and acid mine drainage release the metals in the soil, transporting them further to the
surface/groundwater and food web [14]. In this regard, the mobilization of metals in acid mine
drainage become a significant environmental problem for many countries [21-25]. The various factors
affect the mobilization, deposition and concentration of metals from mining waste [13,14]. The pH
value, for example, plays an important role in the bioavailability and mobilization of heavy metals.
These metals became mobilized into the environment under strong acidic conditions. This means that
mining waste provides suitable conditions for metal mobility and bioavailability. The high
concentration of heavy metals becomes a potential human health concern due to their hazardous
potential, which is linked with direct exposure to the contaminated site. Metals of particular concern
for human health are lead, arsenic, cadmium, chromium, copper, nickel, selenium and zinc.
Maximum contamination levels for toxic metals present in soil, water and food chains have been set
by different organizations such as the United States Environmental Protection Agency (US EPA),
World Health Organization (WHO), etc. The limits of heavy metals in soil have been determined
through various standard methods of digestion based on the total concentrations of metals [10,14,26].
Different pollution indicators are used to assess metal contamination in the soil, such as the pollution
load index (PLI), the geo-accumulation index (Igeo), and the enrichment factor (EF) [27,28].

The previous studies conducted in Kosovo paid more attention to heavy metal pollution in the
mining area without considering the spatial distribution of heavy metals in agricultural soil
surrounding the tailing waste landfill. This study aims to investigate the distribution of heavy metals
in soil in the wider mining-affected area, including mainly agricultural areas close to the mining
region in Kizhnica. The main specific objectives are (1) to determine concentrations of heavy metals
in the soil around the Kizhnica flotation and evaluate their related ecological risk, (2) to analyze the
distribution of heavy metals, and (3) to identify the sources of heavy metals with the use of statistics
combined with air dispersion model and environmental assessment.

2. Materials and Methods

2.1. Sampling

Ten sampling sites close to Kizhnica mining complex were selected in Kizhnica, municipality of
Gracanica, Kosovo (Figure 1). The samples were collected using the soil monster. Before sampling,
the area was cleared of grass and plants, and the samples were taken directly from the soil.
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Figure 1. Sampling locations.

2.2. Sample Preparations

After sampling, the samples were taken to the laboratory, air-dried at room temperature, sieved
through a 2 mm sieve, mixed and homogenized using the coning and quartering method, and stored
in polyethylene containers until analysis. All reagents used in this work were analytical or HPLC
grade. The reagents for microwave digestion were as follows: nitric acid (HNOs, 67%) NORMATOM
for trace element analysis, supplied by BDH PROLABO, England; hydrochloric acid (HCI, 30%) and
boric acid (HsBOs, 99.9999 %) provided by Merck, Darmstadt, Germany; and hydrofluoric acid (HF,
48%) analytical reagent supplied by Fisher Scientific, Germany. All the plastic containers used for the
analysis were cleaned by soaking them in 10% nitric acid for 24 h and then rinsed with distilled water
before every use. Single-element standard metal ion solutions were used to control and prepare
calibration standard solutions. All calibration standards were prepared by appropriate dilution of
standard stock solutions (1 g L) in the concentration range from 1 to 100 mg L-1.

2.3. Chemical Analysis

Major and minor elements in soil samples were determined after treatment samples by
microwave-assisted digestion method (HCI/HF/HNOs/HsBOs) and dissolution in aqua regia. The
contents of Pb, Zn, Cu, As, Cd, Ni, Mn, and Sb in soil samples were determined using inductively
coupled plasma-optical emission spectrometry (ICP-OES). A Teledyne Leeman Labs (Hudson, NH,
USA) Prodigy High Dispersion ICP system is used. Assisted microwave digestion method 3015A
(HC1/ HNOs/ HF/ H3sBOs) was applied to determine total content of major and minor elements using
MARSX XP1500 Microwave Digestion System, CEM, USA. Microwave digestion of 0.30 g soil
samples was carried out in two stages using reagents HCl, HNOs, HF and HsBOs. One drop of octanol
was added to all prepared samples in order to avoid foaming. Also, three blanks were prepared. After
completion of digestion, the samples are cooled at room temperature, diluted with deionized water
in 50 ml volumetric flasks, filtered through filter paper and analyzed using ICP-OES. Carbon,
hydrogen and nitrogen content were examined by Croatian waste characterization standard [13,14].
The carbon, hydrogen and nitrogen content were measured using CHN analyzer 1000 LECO by the
ASTM D 5373 standard. The electrical conductivity and pH were measured using a conductivity
meter (MA 5964 Iskra, Croatia) and a pH meter (FE20, Mettler Toledo, Switzerland).
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2.4. Certified Reference Materials

Certified reference materials (S JR-3 and S Jsy-1) were analyzed to test the accuracy of the applied
method for determining total metal concentrations using the microwave digestion method in
investigated soil samples. Measured concentrations of elements showed very good agreement with
the certified values of reference samples. Statistical comparison of obtained data was performed by
two-paired t-test at a significance level of p = 0.05. Calculated t-values of 0.811 (for S JR-3) and 1.117
(for S Jsy-1) were lower than critical value of 2.204, implying the two sets of values for both certified
reference standards were not significantly different.

2.5. Mineralogical Analysis

The mineralogical composition of the soil samples was determined by powder X-ray diffraction
(XRD-6000, Shizmadu). The diffractometer operated at 40 kV with 30 mA current at room
temperature to generate Cu-Ko radiation. The samples were scanned from 5 to 80° 26 angles. The
step size value used was 0.02° with a collection time of 0.6 seconds per step. The furnace temperature
was set to different values ranging from 100 °C to 1000 °C.

2.6. Statistical Analysis

The results were analyzed using Statistica (data analysis software), version 14.1.0, Microsoft
Office package, Excel 365 and AERMOD. The experimental data analyses were carried out using
Pearson correlation coefficient (r) and cluster analysis (CA). Relationships among variables were
tested using Pearson’s as a non-parametric measure with statistical significance at p < 0.05, while
cluster analysis was used to group the heavy metals into the clusters based on their similarities within
a group and dissimilarities between the groups. Modeling with the AERMOD View-Gaussian air
dispersion model used the meteorological data for the wind velocity, directions, and frequency from
Hydrometeorological Institute Kosovo records (Figure 2). The July, August and September 2023 data
were used for the modelling with the program Wind Rose Plot for Meteorological Data, Version 7.0.
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Figure 2. The wind rose plot for the Kizhnica region processed in the WRPLOT supporting program
for AERMOD.

In order to calculate the range of pollution and the pollutant concentration at discrete distances
from the source, a specialized software package was used. SCREENVIEW, version 3.0 was developed
to obtain pollutant concentration estimates for the single source short-term calculations, calculating
maximum ground-level concentrations and the distance to the maximum. In this case, the terrain was
set to be elevated, and modelling the impacts of simple area sources using a virtual point source
procedure was performed [29]. In this case, the calculation includes the following initial data:
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Emission Rate, Source Release Height, Surface of the Area of the deposit and Wind Direction. The
maximum concentration of the pollutants was estimated to be in the east-west direction from the
tailing waste deposit.

2.7. Determination of Contamination Factor

Contamination factor (CF) for each studied heavy metal was calculated using the eq. (1) to
evaluate the pollution of soil samples.

CF:Csiample/ By (1)

The calculation is based on methodology suggested by Min et al. [28] and Kerolli-Mustafa et al.
[13]. Csiample is the concentration of heavy metal i in the sample and B is the background or limited
value for same heavy metal in soil as per Administrative Instruction No.11/2018.

2.8. Determination of Pollution Load Index

The Pollution Load Index (PLI) is used to determine the pollution quantity of the analyzed element
in the environment, as suggested by Tomlinson et al. [30]. The PLI was calculated according to eq. (2).

PLI= (CF1 x CF2 x CF3 x-+--- x CEn)n @)

CF presents the contamination factor, while 7 is the number of metals. PLI value greater than 1
indicates contamination [30].

2.9. Determination of Geo-Accumulation Index

The contamination impact of heavy metals in soil samples was determined using the geo-
accumulation index (Igeo) as proposed by Miiller [27]. The assessment focused on the level of metal
contamination in seven classes as the index's numerical values increased. This index is calculated
according to eq. (3).

Igeo=1og2 Cu /1.5 Bu 3)

Cnis the concentration of the element in the enriched sample, and B: is the background or limited
value of the element.

3. Results and Discussion
3.1. Chemical Analyses

The pH values of soil samples are shown in Table 1. The initial pH of samples close to the tailing
damp was 2.35 and 2.68, while the pH values for other soil samples in the Kizhnica region range from
3.22 t0 7.68. The pH value of the samples was from 2.35 to 3.22, which indicates that the samples close
to the mining waste had high acidic buffering capacity. This complies with the conclusion of other
studies [1,13,14] that under these conditions, the mobility of heavy metals along the depth column
from waste was a process that affected the environment on a larger scale. According to the results,
the conductivity ranges from 13.5 for Sample 5 to 3160 puS cm-1 for sample 3. Higher values are
recorded between sample 2 (2280 uS cm™), sample 4 (2620 uS cm™) and sample 8 (2060 puS cm™) and
other samples of soil, where the value of conductivity decreases in sample 5 (13.5 uS cm™), sample 10
(25.1 puS ecm™), sample 7 (72.4 uS cm), sample 9 (125 uS cm™), sample 1 (361 puS cm™) and sample 6
(530 puS cm™). Determining the elemental composition of soil samples showed that the carbon content
is generally between 0.94 and 2.71 wt.%, while the hydrogen content differs. The content of hydrogen
is higher in sample 1 at 7.39 wt.%. The results showed that the content of nitrogen in soil samples
ranges between 0.11 to 0.23 wt.%.
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Table 1. pH values, electrical conductivity and elemental composition of carbon, hydrogen and
nitrogen.

Samples pH Conductivity, uScm? C,wt.% H,wt.% N, wt.%

S1 6.73 361 1.29 7.39 0.15
52 3.22 2280 1.25 3.58 0.14
S3 2.35 3160 2.44 3.24 0.21
54 2.68 2620 1.68 2.04 0.18
S5 6.88 13.5 1.89 3.51 0.13
S6 6.78 530 1.05 1.68 0.11
57 7.68 72.4 1.98 1.06 0.23
S8 6.49 2060 2.71 1.98 0.18
59 6.5 125 1.67 1.67 0.22
510 6.82 25.1 0.94 0.81 0.16

As was previously mentioned in section 2.3, the assisted microwave digestion method was
applied for the determination of total metal content in soil samples. In the following Table 2 the
results of metal concentration are presented.

Table 2. Heavy metal concentrations in soil samples and limited values (concentration unit is in mg

kg dry weight).
Concentration (mg kg1)

Samples

Pb Zn Cu As Cd Ni Mn Sb
S1 23042 4131 127.3 4260.1 0.1 379 3170 1259
52 16234 6873 86.7  646.8 23 2163 51711 270
S3 1253.1 405.6 729  600.7 02 2392 33970 237
54 17141 17719 1281 3613  11.3 2404 41732 188
S5 67.2 95.3 82.7 56.8 0.1 82.7  1905.9 29
56 565.3 2448 126.0 169.2 1.0 2884 1551.7 4.4
S7 1129.7 1528.3 55.7  372.6 75 6314 20155 125
S8 1051.6 6083 540 1639 24 5902 29842 116
59 13619 2401.1 789 3106 105 3496 22374 138
510 3549 3645 641 127.6 1.5 155.0 1531.8 29
Limited
values* 200 300 200 30 3 300 - -

* Administrative Instruction (GRK) No.11/2018 on Limited Values of Emissions of Polluted Materials
into Soil [26].

The concentration of eight metals in all 10 soil samples was found in the range of: 67.2- 2304.2
mg kg (Pb), 95.3 - 2401.1 mg kg-! (Zn), 54.0- 128.1 mg kg (Cu), 127.6 -4260.1 mgkg (As), 0.1-10.5
mg kg1 (Cd), 37.9 - 631.4 mg kg-! (Ni), 317.0 - 5171.1 mg kg-! (Mn), 2.9 - 125.9 mg kg1 (Sb). As can be
seen from Table 2, the concentrations of metals in sample 1 were higher for Pb and As than the
concentrations of metals in other samples. As it can be seen by the results, the concentrations of heavy
metals in soil samples are higher in the area of tailing deposited waste. Heavy metal concentration in
mining and mineral processing tailing waste, as well as other sources, such as weathering, other
industrial activities, and traffic, is having a great impact on the environment due to the historical
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changes in industrial activities in the region [1,6]. Therefore, the open tailing dump of mining waste
influenced by winds has an important effect on the increase of heavy metal concentration on the
surface of an area of Gracanica municipality. The contributions of these different sources are various,
and their pollution characteristics might change. In fact, heavy metals are always heterogeneously
distributed, and this might be the case for the higher concentration of the metals (including lead,
arsenic and zinc) in the surface soil of the analyzed region. Overall, according to the results, samples
contained a certain pollutant, which is a heavy burden on the environment. The obtained values for
Pb, Zn, As, Cd, and Ni exceed the regulatory limit for heavy metals in soil [13,14]. The contamination
risk for these metals is still very high due to the low pH and wind effect. The concentration of metal
in soil samples was visualized in Figure 3. This graph shows the level curves of a function of major
and minor element variables from two of the two-dimensional graphs as a function of concentration
and location.
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Figure 3. Metal concentration of soil samples.

3.2. Mineralogical Characterization

The X-ray diffraction (XRD) patterns for soil samples ((a) composite 1: S1, S2, 54, (b) composite
2: 57, S8, S9, (c) composite 3: S5, S6, S10) were taken in order to confirm the phase composition of
samples. A combined study using different characterisation techniques is applied in order to better
understand the structure and the composition of investigated samples. XRD patterns of original
samples indicated that the major components of soil waste are quartz and other dominant faze, which
include minerals of Al, Si, and K, as shown in Figure 4. There are strong peaks assigned to the C, H
and N groups in all samples. In other samples, the presence of Fe, As and Mo, P, Li, Pd, Na, Al, NO
groups, Cu, and Zn can be confirmed, but the presence of organic compounds is also shown in
different places.
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Figure 4. The XRD patterns of soil samples: (a) composite 1: S1, S2, 5S4, (b) composite 2: S7, S8, S9, (c)
composite 3: S5, 56, S10 .

Silica, betaine phosphate, azobenzenes, ammonium triphosphate, and ash are mostly detected
in the XRD graphs of the samples located at the tailing waste deposit (Figure 4 (a)), with Chalcedonite
and Jarosite included in the XRD graph of the samples located on the Northeast and Southeast of the
deposit. On the opposite side, diffractometry for the samples taken from the elevated locations
(Figure 4 (c)) showed quartz, mica (muscovite), Chalk (Chalcosine), and organic compounds. The
analyses show that the XRD method has constraints in detecting lower concentrations of elements,
however it confirms the source of the heavy metals in soil.

3.3. Statistical Analyses

The Pareto charts are used to verify the effects of each operational variable presented in Figure
5. In the figure, the bars extending to the vertical line corresponded to the effects of a 95% confidence
level. As can be seen from the figure in all the evaluated responses with element concentration in soil
samples, it displayed the concentration effects and value of the effects and drew a reference line on
the chart. Any effect that extends over this reference line is potentially important. Analysis of the
individual factors on the Pareto chart showed that concentration was statistically significant since

they overshot the critical value line (reference line). The interactions for the majority of elements do
not differ much from the normal distribution.
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Figure 5. Pareto charts for the effects of the element concentration and limited allowed values.
In this study, explanatory data such as correlation matrix and cluster analysis were employed in

order to obtain relevant data information about the main variables (concentration of metals) of ten
soil samples collected in Kizhnica. Eight variables (metal concentrations) were compared to find
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similarities and metal distribution. This fact is supported by the use of Pearson’s correlation

coefficient analysis, which can be used to measure the degree of correlation between the

concentration of the major and minor elements in the investigated samples. Statistical analysis of the

soil samples revealed several links between elements of interest. The similarity shown between
elements refers to the same source of origin and the same mobility entrance in the environment. The
correlation matrix (Table 3) between the elements of interest indicates a strong positive correlation of
Zn with Pb, As and Pb. Cd showed a strong positive correlation with Zn, while Ni showed a strong
correlation with Cd. Sb showed a strong correlation with Pb and As.

Table 3. Pearson correlation matrix of trace elements in soil samples.

Pb Zn Cu As Cd Ni Mn Sb
Pb 1.0000
Zn  0.6727  1.0000
Cu 05152 0.0061 1.0000
As 0.8545  0.4303 0.3455  1.0000
Cd 02796 0.8450 -0.1337  0.0000 1.0000
Ni -0.0667 05273 -0.4788 -0.0909 0.7173 1.0000
Mn 0.3455 0.5273 -0.0061 0.2606 0.5350 0.3455 1.0000
Sb 0.9273  0.4909 0.4303 0.9394 0.0304 -0.1515 0.3939 1.0000

In general, the Pearson correlation coefficient used to analyze the correlation between elements
in the investigated samples showed a very positive correlation between major and minor elements in
soil samples coming from a common source of pollution and very much influenced by pH and
conductivity. The matrix plot for investigated elements is presented in Figure 6.
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Figure 6. Matrix Plot of analyzed metals in Kizhnica soil samples.
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Severe air pollution occurs in the Kizhnica region, covering the whole area of the Gracanica. Two
industrial waste deposits from mining and metallurgy production are being blown with the wind
and scattered in an area covering more than 10 km. Wind class IV, wind speed 8.8-11 m s in the
East-West direction, as calculated to be a resultant vector for the given location for the summer season
( July, August and September), according to the data collected from the Hydrometeorological
Institute Kosovo and downwind direction relative to long dimension of 45 degrees, the results are
presented in Figure 7.
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Figure 7. TSP concentration in Kizhnica in all stability classes and all wind directions.

The pollutants settle in a large area, polluting the soil and being distributed throughout the
region. There is a significant heavy metal-containing mining waste deposit in Kizhnica (Figure 8.)

Figure 8. Tailing waste particle distribution in all wind directions and intensity over the investigated
terrain.

As observed in Figure 8., heavy metals bearing particles of tailing waste deposit are scattered in
the area. Samples S1 and S2 are at the tailing waste deposit, and 54 is in line with the predominant
wind direction during the dry summer weather conditions, showing the highest concentrations.
Samples S3, S7, S8, and S9 are located in the Northeast or Southeast directions, showing lower heavy
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metal concentrations than the samples directly exposed to the strongest winds. Samples S5, S6, and
510 are located on the elevated terrain and protected from air dispersion by the hills.

The cluster analyses are used to identify the relatively homogeneous groups of elements in the
study samples. The metal concentration is used to analyze the grouping of elements on soil waste.
The following dendrograms of the investigated samples were obtained with the help of Ward’s
method in order to define the similarities and dissimilarities of elements. Figure 9 shows the
dendrogram analysis mean of elements in soil waste samples. When dendrograms of soil samples
were examined, it was seen as great variations in pollution levels. The dendrogram presents three
major distinct clusters with four groups formed. Pb and Zn have good similarity and are clustered in
one group, whereas the Cu, Cd and Sb are clustered into another group. These two groups showed a
close relationship with Ni and As in one of the major clusters. The third group showed close
similarities with the last group of Mn. A similar relationship can be seen in elements of the other three
groups as well. The major clusters indicated strong anthropogenic influence. The results obtained by
cluster analysis are consistent with those obtained by correlation analysis of elements in soil samples
in Kizhnica.
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Ni
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Linkage Distance
Figure 9. Dendrogram analysis mean of metals in soil samples.

3.4. Environmental Implication

The environmental implications of heavy metals are presented in Table 4. The Contamination
Factor (CF) was calculated as the total metal concentration with reference to the national limited
standards for safe limits of heavy metals in soil [26]. The analyzed elements are selected based on the
toxicity index.

The results in Table 4 show that Pb ranges from a very low degree of contamination to a very
severe degree of pollution in sample 1. The content of Zn ranges from a low degree of contamination
to a severe level of pollution in sample 9. Cd showed a moderate degree of contamination in samples
4,7, and 9, while in other samples, it can be considered an element of no high risk (Table 5).

The CF data indicate significant anthropogenic impact in all sites. Using the classification system
proposed for the modified equation [28,30-32], the overall range of CF values indicates a high degree
of contamination of soil samples to excessive pollution with As in sample 1. The scope of pollution
load index in analyzed samples confirmed the degree of contaminants present, while in the majority
of the samples, results show that the soil quality is deteriorating (Table 5).


https://doi.org/10.20944/preprints202407.0455.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 doi:10.20944/preprints202407.0455.v1

13

Results of the geo-accumulation index are presented in Table 4 based on Muller's [27]
classification (Table 6). Cd and As belongs to class 6 (extremely contaminated), Pb belongs to class III
(moderately to strongly contaminated in sites 51, S2, S4 and S9), class II to moderately contaminated
in sites S3, 57, S8 and uncontaminated to moderately contaminated S5, S6 and S10. Zn belongs to class
III in 54, S7 and S9 (moderately to strongly contaminate) and to class uncontaminated to moderately
contaminated in all other sites. Cd belongs to class II (moderately contaminated) in sites 54 and S9,
while in other sites, the result was uncontaminated. Cu and Ni belong to class 0 (uncontaminated).
While As results extremely contaminated in sample 1, all other analyzed samples show moderately
to strongly contamination. Heavy metals are critical contaminants due to their accumulation in the
soil, easy uptake by the plants, and thus entering the food chain. Table 4 shows the range and average
values of PLI values for each metal in the investigated sites. Based on the average values of PLI (Table
7), the ranking of the intensity of heavy metal pollution of the soil samples in Kizhnica is from
uncontaminated to a high degree of pollution.

Table 4. The values of the contamination factor (CF), pollution load index (PLI) and geo-accumulation
index (Igeo) of soil samples in Kizhnica.

CF
metals S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Pb 11.52 8.12 627 857 034 283 565 526 681 1.77
Zn 229 229 135 591 032 082 509 203 8 1.21
Cu 0.64 043 036 064 041 063 028 027 039 032
As 142.00 21.56 20.02 12.04 1.8 564 1242 547 1035 425
Cd 0.00 0.76 0.08 3.76 0 0.33 25 081 335 052

Ni 013  0.72 0.8 08 028 09 21 197 117 052
PLI
0 213 125 324 0 12 284 1.7  3.08 1
metals Igeo
Pb 3 3 2 3 0 1 2 2 3 1
Zn 0 1 0 2 0 0 2 1 3 0
Cu 0 0 0 0 0 0 0 0 0 0
As 6 2 4 2 1 2 3 2 3 2
Cd 0 0 0 2 0 0 1 0 2 0
Ni 0 0 0 0 0 0 1 1 0 0

Table 5. Ten classes based on contamination factors (CFs) [27,28,30].

CF values class Soil description
CF<0.10 I very slight contamination
0.10=<CF<0.25 I slight contamination
0.26 < CF<0.50 III moderate contamination
0.51<CF<0.75 v severe contamination
0.76 <CF<1.00 \% very severe contamination
1.10< CF<2.00 VI slight pollution
2.10<CF<4.00 VII moderate pollution
410<CF<8.00 VIII severe pollution
8.10<CF<16.0 IX very severe pollution

CF<16.0 X excessive pollution



https://doi.org/10.20944/preprints202407.0455.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 doi:10.20944/preprints202407.0455.v1

14

Table 6. Seven classes of geo-accumulation index (Igeo) [30].

Igeo values class Designation of soil quality
<0 I uncontaminated
0-1 I uncontaminated to moderately contaminated
1-2 I moderately contaminated
2-3 v moderately to strongly contaminate
34 \% strongly contaminated
4-5 VI strongly to extremely contaminate
>5 VII extremely contaminated

Table 7. Six classes of the pollution load index (PLI) [30].

PLIvalues Igeo class Designation of soil quality
<0 class I no pollution
0-1 class II low degree of pollution
1-2 class 111 moderate degree of pollution
24 class IV high degree of pollution
4-8 class V very high degree of pollution
8-16 class VI extremely high degree of pollution

3.4. Impact on Sustainability

During the second half of the twentieth century, the whole region was focused on mining and
metallurgy as the primary source of income and development strategy. The environmental impacts
of this industry were neglected, and just recently, environmental protection has become important to
society. With the mandatory recycling of lead acid batteries, replacing lead pipelines in water supply
systems, new lead-free materials and other green transition technologies, mining of lead and zinc
ores became less attractive and profitable. The technology used in Kizhnica mines is out of date and
cannot fulfil the requirements of the environmental regulations imposed by the laws.

In order to achieve sustainability, mining and minerals processing for heavy metals production
should fulfil requirements in economics, environment and social equity. If the production meets
environmental requirements, the investment rate in passive tailing landfill remediation, green
technology instalments, dust emission prevention, and acid mine drainage prevention will be very
high, and the profit will be heavily impacted. On the other hand, the communities living around the
mining and mineral processing facilities are employed by the mine, but at the same time, they are
facing health issues [33]. According to the Kosovo Agency for Statistics, the significant cause of death
in Kosovo is diseases of the respiratory system, and according to the Eurostat Yearbook- Enlargement
Countries - health statistics, the incidence of respiratory diseases in Kosovo was much higher than in
other Western Balkans and Turkey [34].

In this situation, the population has turned to the original source of income-agriculture
production, having favorable climatic conditions, and natural resources. They faced obstacles in land
use, as presented in this study, as the area surrounding the mineral processing plant and tailing waste
deposits are heavily loaded with heavy metals. In order to develop sustainable agriculture, massive
land remediation should be done, as well as detailed mapping of the soil pollution, based on the
presented statistical model.

4. Conclusions

The environmental pollution in Kizhnica - Municipality of Gracanica, the Republic of Kosovo, is
highly due to mining activities. The measurements of heavy metal concentrations in these regions
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show high levels of metal concentration and bioaccumulation. The application of statistical analysis
as a correlation matrix and cluster supports the fact that heavy metals are more concentrated close to
the mining smelting area, but it has an impact on the surrounding area as well. The air dispersion
modelling is in line with other chemical analysis and environmental implication indexes. The
establishment of regular monitoring programs is an urgent need for Kosovo. The most important and
cheap procedure is the application of phytoremediation as a method of great interest. The results also
indicate that there is an increasing need for further research, mainly focused on the mechanisms of
the remediation process and the potential use of the deposed waste material in different combinations
in construction. This process will support the process of waste management and reduce the continued
risk to the environment in the study area.
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