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ABSTRACT

Aim of the study
This study addresses the growing concern of water pollution in rural areas, where due to limited monitoring 
it can affect both human health and ecosystem stability. Contamination of freshwater resources has become 
an important environmental and public health issue, prompting the need for detailed local assessments. This 
study specifically assesses the pollution status and water quality in Baicë village, Kosovo, a rural area where 
limited monitoring can affect both human health and ecosystem stability.

Material and methods
Groundwater samples were analyzed for key physicochemical parameters and heavy metals, including Cr, Al, 
Cu, Fe, Mn, Ni, Pb, Zn, As, and Cd. The results revealed significantly elevated concentrations of lead at all 
sampling points (M1: 0.27 mg/L, M2: 0.25 mg/L, M3: 0.29 mg/L), exceeding recommended limits and indi-
cating serious contamination. Elevated levels of other parameters, including COD and BOD₅, further suggest 
anthropogenic impacts on water quality.

Results and conclusions
These findings demonstrate that groundwater in the study area is unsuitable for direct consumption without 
prior treatment. Spatial analysis identified contamination hotspots, highlighting areas of increased environ-
mental risk and supporting targeted remediation strategies.

Toxic element levels, including Cr, Al, Cu, Fe, Mn, Ni, Pb, Zn, As, and Cd, were analyzed using Induc-
tively Coupled Plasma-Optical Emission Spectrometry (ICP–OES), providing additional insights into con-
tamination. Furthermore, geospatial analysis using GIS and Inverse Distance Weighting (IDW) interpolation 
generated contamination hotspot maps, revealing spatial variations and helping identify priority areas for 
targeted remediation efforts. However, due to the limited number of sampling locations and temporal cover-
age, the results should be considered a preliminary assessment, and further monitoring is recommended to 
improve the understanding of groundwater contamination patterns in the study area.

Keywords: groundwater quality, heavy metals, geospatial analysis, GIS, water pollution, inductively coupled 
plasma optical emission spectrometry (ICP-OES)
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INTRODUCTION

Water pollution is a critical environmental issue that 
threatens ecosystems, human health, and the accessi-
bility of clean water (Ejiohuo, 2024; Lin et al., 2022). 
Contaminants originating from industrial activities 
(Singh et al., 2024; Wang et al., 2024), agricultural 
and domestic sources (Rana et al., 2024; Yan et al., 
2024), as well as untreated sewage (Al-Khuzaie et 
al., 2023) significantly degrade water quality.

These pollutants contribute to biodiversity loss 
and pose long-term health risks, including waterborne 
diseases and heavy metal toxicity (Ali et al., 2025; 
Endale et al., 2022; Agbasi et al., 2024; Tazri et  al., 
2025; Maliqi and Jusufi, 2024). Despite extensive 
global research, site-specific data remain limited in 
many regions, particularly in developing and transi-
tional countries, where monitoring systems are often 
insufficient. This gap underscores the importance of 
localized studies that provide reliable baseline data for 
environmental assessment and management.

Access to safe drinking water remains a global 
challenge, requiring effective pollution control and 
sustainable water management practices (Mueller and 
Gasteyer, 2021; Majumdar et al., 2024). Increasing 
population growth and industrial demand further in-
tensify pressure on water resources. 

Addressing these challenges requires improved 
waste management, stricter regulatory enforcement, 
and increased public awareness (Awewomom et al., 
2024). However, effective management strategies de-
pend on accurate identification of contamination sourc-
es, quantitative evaluation of pollutants, and compar-
ison with established international standards. In this 
context, studies integrating chemical analysis with spa-
tial assessment approaches provide enhanced scientific 
insight and practical applicability.

In Kosovo, water quality management remains 
a significant challenge due to insufficient monitoring 
and weak enforcement of environmental regulations 
(Demaku et al., 2024; Maliqi et al., 2020). Pollution 
from agriculture, industry, and inadequate wastewater 
treatment continues to affect water resources, posing 
risks to both ecosystems and human health. In the 
Municipality of Lipjan, the impact of local pollution 
sources on groundwater quality requires particular at-
tention. 

The assessment of heavy metal concentrations in 
water and sediment provides essential information on 
contamination levels and associated environmental 
risks. Furthermore, geospatial analysis enables the iden-
tification of contamination patterns and potential disper-
sion pathways, supporting more effective environmental 
monitoring and decision-making (Maliqi et  al., 2020).

The present study aims to evaluate the concentra-
tion and spatial distribution of selected heavy metals 
in water and sediment samples from Baicë village, 
Kosovo, and to assess their environmental significance 
through comparison with international guideline val-
ues (Khan et al., 2023; Aswal et al., 2024). 

Specifically, the study: (1) determines the con-
centrations of Cr, Al, Cu, Fe, Mn, Ni, Pb, Zn, As, and 
Cd; (2) analyzes their spatial distribution across sam-
pling locations; and (3) evaluates the measured values 
against international standards to identify potential 
environmental and health risks. The findings are ex-
pected to support environmental monitoring efforts, 
contribute to improved water resource management, 
and provide a scientific basis for future research and 
remediation strategies in the region.

Previous studies have demonstrated the effec-
tiveness of multivariate statistical approaches, water 
quality indices, and health risk assessments in eval-
uating groundwater contamination (Agbasi and Eg-
bueri, 2022; Egbueri and Agbasi, 2022; Singh et al., 
2023). Additionally, statistical modeling and water 
quality indices have been widely applied to better un-
derstand contamination patterns and their controlling 
factors (Agbasi et al., 2022; Egbueri et al., 2023a; Eg-
bueri et al., 2023b). These approaches provide a strong 
methodological foundation for interpreting groundwa-
ter quality and contamination processes.

Study zone 
This study evaluates the water quality of resources in 
Baicë village, located in the municipality of Lipjan, 
Kosovo. Lipjan is situated approximately 17 km south 
of Pristine, within the central part of the Kosovo Plain. 
The Sitnica River flows through this region, supporting 
intensive agricultural activities and influencing local 
hydrological conditions. Baicë, located about 18–19 km 
west of Lipjan, is known for its natural groundwater 
sources, which are widely used for drinking and do-
mestic purposes by local residents. Due to their envi-
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ronmental and socio-economic importance, these water 
sources were designated as a “Natural Monument” by 
the Municipal Assembly of Lipjan in March 2022. Geo-
graphically, Lipjan is located at approximately 42.52° 
N latitude and 21.13° E longitude and covers an area 
of about 422 km2. The terrain is predominantly flat to 
gently undulating, with elevations ranging from 500 to 
600 m above sea level. Geologically, the area lies within 
the Kosovo Basin and is mainly composed of Neogene 
sedimentary formations and alluvial deposits. These 
formations contribute to groundwater accumulation and 
influence the mobility and distribution of dissolved ele-
ments, including heavy metals.

The climate of the study area is of moderate conti-
nental type, characterized by warm summers (average 
July temperatures of 20–22°C) and cold winters (around 
0°C in January), with annual precipitation ranging from 
600 to 700 mm. These climatic and geological condi-

tions play an important role in groundwater recharge 
processes as well as in the transport and dispersion of 
potential contaminants within the aquifer system.

MATERIALS AND METHODS

Study design and sampling
Water and sediment samples were collected in 2024 
from three sampling stations in Baicë village, Munic-
ipality of Lipjan, Kosovo. Three replicates were taken 
for each sample type to ensure data reliability and re-
producibility.

Water samples were collected from groundwater 
sources located in the study area, including a natural 
spring, which serves as an important drinking water 
source for the local population. Samples were collect-
ed approximately 20 cm below the surface using pre-
cleaned polyethylene bottles. Sediment samples were 

Fig. 1. Study area sampling locations (Map of Kosovo) (Source: Authors’ own eleboration)
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collected at the same locations as water samples using 
clean glass containers to ensure consistency between 
matrices.

All samples were properly labeled, sealed, and trans-
ported to the laboratory under cooled conditions (4°C) to 
preserve their physicochemical integrity until analysis.

Although IDW interpolation was applied to provide 
a preliminary visualization of groundwater quality pat-
terns, the limited number of sampling locations (n = 3) 
constitutes an important constraint to spatial modeling. 

Therefore, the generated maps should be inter-
preted as indicative rather than definitive representa-
tions of spatial variability. More robust geostatistical 
approaches such as kriging were not applied due to 
the insufficient sampling density. Future investigations 
involving a larger number of monitoring locations are 
recommended to improve interpolation accuracy and 
spatial reliability.

Sample preparation and digestion
For heavy metal analysis, water samples were collect-
ed in 2-liter glass bottles. The samples were filtered 
and transferred into Teflon containers. Prior to analy-
sis, samples were acidified with 1 mL of HCl and 5 mL 
of HNO3 and subjected to microwave digestion.

Sediment samples (2 g) were digested using 69% 
nitric acid (HNO3) and heated at 130°C for 5 hours. 
After digestion, the samples were filtered, washed with 
0.1 M HNO3, and diluted with deionized water in ac-
cordance with U.S. EPA guidelines (U.S. EPA, 2017).

Instrumentation and analytical methods
Physicochemical parameters were measured using 
a Photo Lab® 7600 UV-VIS spectrophotometer. Heavy 
metal concentrations in water and sediment samples 
were determined using an ICP-OES instrument (Perkin
Elmer Optima 2100 DV).

High-purity standard solutions (99.98%) obtained 
from Merck, Germany, were used for instrument cali-
bration and quality assurance.

Quality assurance and quality control (QA/QC) 
procedures were implemented throughout the analyti-
cal process. Instrument calibration was performed us-
ing multi-element standard solutions developed from 
certified reference materials. Calibration verification 
was performed periodically during the analytical se-
quence to ensure measurement stability. However, 

detailed instrumental performance parameters such 
as calibration coefficients (R2), limits of detection 
(LOD), and limits of quantification (LOQ) were not 
available for inclusion in this study. 

The analytical precision was maintained within ac-
ceptable limits, and all laboratory procedures followed 
standard ICP-OES quality control protocols.

Procedural blanks were analyzed together with 
samples to verify the absence of contamination during 
sample preparation and analysis. All measurements 
were performed in triplicate, whereas the reported val-
ues represent average concentrations. The analytical 
precision was maintained within acceptable limits, 
with relative standard deviations below 5%.

Quality control and data analysis
All analyses were performed in triplicate, and results 
are expressed as mean ± standard deviation. Descrip-
tive statistical analysis, including mean and standard 
deviation, was conducted using Microsoft Excel.

Measured concentrations of heavy metals were ex-
pressed in mg/L for water samples and mg/kg for sed-
iment samples. The obtained values were compared 
with permissible limits established by U.S. EPA stan-
dards to assess contamination levels.

Spatial data collection
Geographic coordinates of the sampling locations 
were recorded using GNSS technology through the 
KOPOS (Kosova Positioning System). The coordi-
nates were used for spatial analysis and map gener-
ation. Inverse Distance Weighting (IDW) interpola-
tion was applied in QGIS to provide a preliminary 
visualization of groundwater quality patterns. Due to 
the limited number of sampling locations (n = 3), the 
resulting interpolation maps should be interpreted as 
indicative representations of spatial variability rather 
than accurate spatial predictions. No advanced geosta-
tistical methods, such as kriging, were applied due to 
the available sampling density being insufficient.

RESULTS AND DISCUSSION

Physicochemical properties of water
The physical and chemical properties of water provide 
important information for understanding pollution lev-
els, water safety, and ecological conditions (Zou et al., 
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2024). Parameters such as temperature, dissolved ox-
ygen, pH, and nutrient concentrations can serve as in-
dicators of both natural processes and anthropogenic 
impacts.

Table 1 presents the physicochemical characteristics 
of water samples from Baicë village, Lipjan Municipal-

ity, including minimum, maximum, and average values 
across the three sampling points (M1, M2, and M3).

The results show that water temperature ranged 
from 24.6°C to 25.7°C, which is typical for freshwa-
ter systems during warm seasonal conditions. Electrical 
conductivity (EC) was highest at M2 (630 µS/cm), indi-

Table 1. Physical and chemical properties of water samples from Baicë village, Lipjan Municipality, including minimum, 
maximum, and average concentrations, as well as WHO/EU guideline values

Parameter M1 M2 M3 Min Max Average WHO/EU
Temp water (°C) 24.9 25.7 24.6 24.6 25.7 25.1 –
DO (mg/L) 1.16 1.14 1.13 1.13 1.16 1.14 –
O2 (%) 11.5 16.5 8.64 8.64 16.5 12.2 –
EC (µS/cm) 576 630 544 544 630 583 2500
pH 6.44 6.81 6.87 6.44 6.87 6.71 6.5–9.5
TDS (mg/L) 150 128 170 128 170 149 1000
Cl– (mg/L) 0.25 0.23 0.21 0.21 0.25 0.23 250
COD (mg/L) 18.3 15.6 19.1 15.6 19.1 17.7 –
BOD5 (mg/L) 11.2 14.9 16.1 11.2 16.1 14.1 –
P total (mg/L) 0.165 0.154 0.169 0.154 0.169 0.16 –
NO3⁻ (mg/L) 0.6 0.7 0.6 0.6 0.7 0.63 50
N total (mg/L) 0.21 0.31 0.29 0.21 0.31 0.27 –
NH4⁺ (mg/L) 0.06 0.05 0.08 0.05 0.08 0.06 0.5
NO2⁻ (mg/L) 0.6 0.7 0.6 0.6 0.7 0.63 0.5
N inorganic (mg/L) 0.17 0.23 0.22 0.17 0.23 0.21 –
SO42⁻ (mg/L) 11.1 11.3 12.1 11.1 12.1 11.5 250
PO43⁻ (mg/L) 0.03 0.033 0.036 0.03 0.036 0.03 –
TOC (mg/L) 6.3 7.8 8.3 6.3 8.3 7.47 –
Color without transparent transparent – – – acceptable
TMS (mg/L) 21 19.9 55.3 19.9 55.3 32.1 –
F– (mg/L) 0.1 0.2 0.3 0.1 0.3 0.2 1.5
Total hardness (°dH) 16.36 17.21 18.65 16.36 18.65 17.4 –
Ca hardness (°dH) 5.6 4.79 5.35 4.79 5.6 5.25 –
Mg hardness (°dH) 10.7 12.4 13.3 10.7 13.3 12.1 –
Ca (mg/L) 18.8 19.4 21.3 18.8 21.3 19.8 –
Mg (mg/L) 19.9 21.6 19.8 19.8 21.6 20.4 –
MA (mg/L) 12.13 11.31 12.41 11.31 12.41 12 –
HCO3⁻ (mg/L) 121.22 154.36 149.51 121.22 154.36 142 –
Turbidity (NTU) 3.1 3.3 3.5 3.1 3.5 3.3 5
KMnO4 (mg/L) 2.36 3.65 5.43 2.36 5.43 3.81 –
SUR (mg/L) <0.2 <0.2 <0.2 – – – 0.5
Temp air (°C) 29.6 29.7 30.1 29.6 30.1 29.8 –

Note: Guideline values are based on the World Health Organization (WHO) and EU Drinking Water Directive. Parameters without 
specified limits (—) are not regulated or do not have health-based guideline values. All concentrations are expressed in mg/L, 
except where otherwise indicated. Sampling points M1–M3 represent three monitoring locations.
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cating increased ionic content. Dissolved oxygen (DO) 
varied between 1.13 and 1.16 mg/L, suggesting rela-
tively low oxygenation conditions, particularly at M3.

Total dissolved solids (TDS) were highest at 
M3 (170 mg/L), indicating a higher presence of dis-
solved substances and potential localized contam-
ination. The pH values ranged from 6.44 to 6.87, 
indicating slightly acidic to near-neutral conditions, 
which are generally acceptable for natural waters.

Chemical Oxygen Demand (COD) and Biological 
Oxygen Demand (BOD5) showed elevated values, par-
ticularly at M3 (COD: 19.1 mg/L; BOD5: 16.1 mg/L), 
indicating increased organic pollution. Similarly, ele-
vated phosphate (PO4³⁻) concentrations and turbidity 
suggest potential nutrient enrichment and possible 
eutrophication risks.

In contrast, chloride, sulfate, fluoride, and hardness 
parameters remained relatively stable across all sam-
pling points, indicating consistent background geo-
chemical conditions. No significant surfactants were 
detected, suggesting limited detergent or industrial 
contamination.

Overall, the results indicate that M3 exhibits com-
paratively higher levels of pollution, likely influenced 
by anthropogenic activities. These findings are consis-

tent with previous studies in similar hydro geological 
settings (Lu et al., 2024; Chen et al., 2024), highlight-
ing the need for continuous monitoring and targeted 
environmental management.

Heavy metals in water
The concentrations of heavy metals in water samples 
are presented in Table 2. The results indicate that most 
elements (Cr, Al, Cu, Fe, Ni, Zn, As, and Cd) were 
present at low and relatively stable concentrations 
across all sampling locations, with minor spatial vari-
ability observed among sampling points.

The concentrations of Cr ranged from 0.048 to 
0.049 mg/L, while Al remained constant at 0.10 mg/L. 
Cu concentrations varied between 0.25 and 0.29 mg/L, 
and Fe ranged from 0.04 to 0.05 mg/L. Overall, these 
elements remained within WHO guideline values, sug-
gesting no immediate exceedance-related health risk.

The concentrations of Mn ranged from 0.40 to 
0.50 mg/L, with the highest value reaching the WHO 
guideline limit of 0.50 mg/L, suggesting the need for 
continued monitoring of manganese levels in ground-
water.

The most concerning finding was related to Pb 
concentrations, which ranged from 0.25 to 0.29 mg/L. 

Table 2. The presence of heavy metals in water samples (mg/L)

Elements 
(mg/L) M1 M2 M3 StDev Min Max WHO maximum 

allowable limits
Compliance with WHO/

EU standards

Cr 0.048 0.049 0.049 0.0006 0.048 0.049 0.05 complies (below limit)

Al 0.1 0.1 0.1 0.0000 0.1 0.1 0.2 complies

Cu 0.28 0.25 0.29 0.0208 0.25 0.29 2 complies

Fe 0.05 0.04 0.05 0.0058 0.04 0.05 0.2 complies

Mn 0.4 0.4 0.5 0.0577 0.40 0.5 0.5 complies (M3 at the limit)

Ni 0.02 0.02 0.02 0.0000 0.02 0.02 0.02 complies (at the limit)

Pb 0.27 0.25 0.29 0.0200 0.25 0.29 0.01 exceeds WHO/EU limit

Zn 0.05 0.05 0.05 0.0000 0.05 0.05 3 complies

As 0.006 0.005 0.007 0.0010 0.005 0.007 0.01 complies

Cd 0.001 0.002 0.002 0.0006 0.001 0.002 0.005 complies

Note: Heavy metal concentrations (mg/L) were determined at three sampling points (M1–M3). Standard deviation (StDev), 
minimum (Min), and maximum (Max) values are presented. The measured concentrations were evaluated against the World Health 
Organization (WHO) drinking water guidelines and the European Union Drinking Water Directive (EU, 2021). The compliance 
assessment indicates whether the measured concentrations meet the WHO/EU maximum allowable limits.
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All sampling locations exceeded the WHO guideline 
value of 0.01 mg/L by more than twenty-fold, indicat-
ing significant contamination and a potential risk to 
human health. 

Such elevated Pb levels may be associated with 
anthropogenic sources including agricultural inputs, 
traffic-related atmospheric deposition, corrosion of 
plumbing infrastructure, and improper waste manage-
ment practices.

Overall, while most analyzed heavy metals re-
mained within acceptable limits, the elevated Pb con-
centrations indicate localized groundwater contami-
nation and highlight the need for targeted mitigation 
measures, continued monitoring, and further source 
identification studies.

Heavy metals in sediment
Table 3 presents the concentrations of heavy metals 
in sediment samples and their comparison with EPA 
sediment quality guidelines.

The results show that Cr (0.79–0.99 mg/kg), Al 
(0.69–0.97 mg/kg), Fe (0.95–0.99 mg/kg), and Zn 
(1.78–1.98 mg/kg) exhibited relatively stable and low 
concentrations across all sampling points, indicating 

generally low spatial variability and no evidence of el-
evated contamination levels.

The concentrations of Cu, Mn, and Ni exhibited 
moderate variability among the sampling locations; 
however, all measured values remained substantially 
below the corresponding EPA sediment quality guide-
line limits, indicating a low level of sediment contam-
ination by these elements.

Pb concentrations ranged from 2.26 to 4.23 mg/kg, 
remaining well below the EPA sediment quality guide-
line value of 35.8 mg/kg. Although these concentra-
tions do not indicate an immediate ecological risk, the 
elevated value observed at M3 sampling location may 
reflect localized anthropogenic influences and war-
rants continued environmental monitoring.

Similarly, As and Cd were detected at relatively 
low concentrations, ranging from 0.008 to 0.011 mg/
kg and 0.006 to 0.021 mg/kg, respectively. All mea-
sured values were considerably lower than interna-
tionally accepted sediment quality thresholds, sug-
gesting minimal anthropogenic enrichment and low 
ecological risk under current conditions.

Overall, the sediment quality assessment indicates 
that heavy metal contamination in the investigated 

Table 3. The presence of heavy metals in sediment samples measured (mg/kg)

Elements 
(mg/kg) M1 M2 M3 StDev Min Max EPA maximum 

allowable limits
Compliance with EPA 

standards

Cr 0.79 0.95 0.99 0.1058 0.79 0.99 52 complies

Al 0.69 0.88 0.97 0.1429 0.69 0.97 – not regulated by EPA

Cu 0.93 0.96 1.21 0.1537 0.93 1.21 48 complies

Fe 0.99 0.95 0.99 0.0231 0.95 0.99 – not regulated by EPA

Mn 0.21 0.29 0.44 0.1168 0.21 0.44 – not regulated by EPA

Ni 0.29 0.27 0.48 0.1168 0.27 0.48 48 complies

Pb 2.26 2.68 4.23 1.0380 2.26 4.23 35.8 complies

Zn 1.78 1.89 1.98 0.1002 1.78 1.98 121.1 complies

As 0.008 0.009 0.011 0.0015 0.008 0.011 9 complies

Cd 0.006 0.008 0.021 0.0081 0.006 0.021 1.2 complies

Note: Heavy metal concentrations (mg/kg) were determined at three sampling points (M1–M3). Standard deviation (StDev), 
minimum (Min), and maximum (Max) values are presented. The measured concentrations were evaluated against the U.S. 
Environmental Protection Agency (EPA, 2003), sediment quality guidelines. The compliance assessment indicates whether the 
measured concentrations meet the EPA maximum allowable limits.
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sediments is generally low, with all analyzed elements 
remaining below the established regulatory guideline 
values. 

These findings suggest limited anthropogenic im-
pact on sediment quality during the monitoring peri-
od, although localized variability (particularly at M3) 
should be considered in future monitoring campaigns.

Multivariate and spatial analysis
Multivariate statistical analysis, including correlation 
analysis and Principal Component Analysis (PCA), was 
used to evaluate relationships among heavy metals.

The PCA results (Fig. 2 and 3) indicate that the 
first few principal components explain the majority 
of the variance, suggesting that certain elements may 
share common geochemical behavior or potential 
common sources. 

However, given the limited number of sampling 
locations (n = 3), these patterns should be interpreted 
cautiously.

Principal Component Analysis (PCA) and Hierar-
chical Cluster Analysis (HCA) were applied primarily 
as exploratory statistical tools to identify potential re-
lationships among the analyzed variables. 

Due to the very small dataset and limited spatial 
coverage, the results are not intended to provide sta-
tistically robust source apportionment. Instead, they 
serve to highlight possible tendencies and preliminary 
associations among variables. 

Therefore, the findings should be considered in-
dicative and hypothesis-generating rather than con-
firmatory.

Geospatial analysis of groundwater quality
It should be emphasized that the spatial distribution 
maps generated in this study are intended to provide 
preliminary visualization of contamination patterns 
rather than precise spatial predictions. 

Because the interpolation was based on only three 
sampling locations (n = 3), the resulting surfaces 
should be interpreted with caution as indicative repre-
sentations of spatial trends rather than accurate spatial 
estimations. Nevertheless, the generated maps remain 
useful for identifying potential hotspots and guiding 
future monitoring efforts.

Geospatial analysis of groundwater quality was 
conducted using QGIS and Inverse Distance Weight-
ing (IDW) interpolation to examine the spatial dis-

Fig. 2. Dendrogram of heavy metal distribution in water resources of Baicë village, Lipjan Municipality, Kosovo (Source: 
Authors’ own eleboration)
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Fig. 3. Principal Component Analysis (PCA) and Scree Plot of heavy metals in water samples (Cr–As): a. Principal compo-
nent analyses; Cr… As; b. Scree Plot of Cr… As (Source: Authors’ own eleboration)
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tribution of key water quality parameters across the 
study area. 

The generated thematic maps, with a spatial reso-
lution of 10 m, illustrate apparent spatial variability, 
which may be influenced by both natural hydrogeo-
chemical processes and localized anthropogenic im-
pacts.

The application of QGIS in environmental studies 
has been widely recognized as an effective approach 
for generating spatial representations of environmen-
tal data (Zhang et al., 2023; Ahmed et al., 2016; Aktar 
et al., 2017).

The IDW interpolation method was employed to 
transform discrete sampling data into continuous spa-
tial surfaces. This method assigns greater weight to 
nearby data points, allowing estimation of parameter 
values in unsampled locations. 

In groundwater studies, IDW is particularly useful 
in areas with limited sampling density, as it provides 
a preliminary approximation of spatial variability, al-
though it does not replace robust geostatistical meth-
ods when sufficient data are available.

The spatial analysis focused on key parameters, 
including Total Suspended Solids (TSS), Chemical 
Oxygen Demand (COD), Biological Oxygen Demand 
(BOD5), Lead (Pb), Manganese (Mn), Total Organic 
Carbon (TOC), and Total Phosphorus (TP). These pa-
rameters serve as indicators of both organic and inor-
ganic pollution and reflect potential influences from 
anthropogenic activities such as agriculture, urban 
runoff, and localized emission sources.

The IDW-generated maps suggest the presence of 
potential spatial hotspots, with elevated concentrations 
of selected parameters observed in specific areas of the 
study site. However, due to the limited dataset, these 
patterns should be interpreted as indicative rather than 
definitive. These findings highlight the value of spatial 
visualization in supporting preliminary environmental 
assessment and guiding future, more detailed monitor-
ing designs.

The distribution maps (Fig. 4–10) illustrate the spa-
tial variability of TSS, COD, BOD5, Pb, Mn, TOC, and 
TP, providing a visual overview of groundwater quality 
patterns across the study area and supporting the identi-
fication of areas requiring further investigation.

Chemical Oxygen Demand (COD) is a key indica-
tor of organic pollution and oxygen demand in aquatic 

systems (WHO, 2021). COD values vary depending 
on water type: in drinking water, concentrations are 
typically below 5 mg/L, while surface waters generally 
range from 10 to 50 mg/L. Values exceeding 50 mg/L 
indicate pollution, whereas levels above 100 mg/L are 
associated with heavily contaminated conditions.

In wastewater systems, COD values commonly 
range between 100 and 500 mg/L; however, effective 
treatment is required to reduce COD to below 100 
mg/L prior to environmental discharge. Elevated COD 
levels reflect a high presence of oxidizable organic 
matter, which can significantly degrade water quality 
and negatively impact aquatic ecosystems and human 
health (Che et al., 2024).

The COD values obtained in this study (16.3–
18.4 mg/L) fall within the range typical for slightly to 
moderately impacted surface waters. Although these 
values are well below wastewater-related thresholds, 
they indicate the presence of organic matter inputs. 

Therefore, while the water does not exhibit severe 
organic pollution, it may not be considered suitable for 
direct consumption without appropriate treatment, in 
accordance with drinking water safety guidelines.

Biochemical Oxygen Demand (BOD5) is a key pa-
rameter used to assess organic pollution in water, as it 
measures the amount of dissolved oxygen required by 
microorganisms to decompose biodegradable organic 
matter. Elevated BOD5 values are commonly associ-
ated with increased organic loading, often originat-
ing from anthropogenic activities such as wastewater 
discharge, agricultural runoff, and the presence of de-
gradable organic compounds, which can adversely af-
fect aquatic ecosystems by reducing dissolved oxygen 
availability (Lv et al., 2024).

The BOD5 thresholds vary depending on water 
type and intended use. For surface waters, values be-
tween 1 and 5 mg/L are generally considered indica-
tive of clean water conditions, whereas values exceed-
ing 5 mg/L suggest organic pollution, and levels above 
10  mg/L indicate severe contamination. In contrast, 
untreated wastewater typically exhibits substantially 
higher BOD5 values, often exceeding 100 mg/L, and 
therefore requires treatment prior to environmental 
discharge.

The BOD5 values obtained in this study indicate 
the presence of organic pollution in the analyzed water 
samples. Elevated BOD5 levels suggest a considerable 
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Fig. 4. Spatial distribution of COD concentrations generated using IDW interpolation in Baicë village, Lipjan Municipality, 
Kosovo (Source: Authors’ own eleboration)

Fig. 5. Spatial distribution of BOD5 concentrations generated using IDW interpolation in Baicë village, Lipjan Municipality, 
Kosovo (Source: Authors’ own eleboration)
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Fig. 6. Spatial distribution of TSS concentrations generated using IDW interpolation in Baicë village, Lipjan Municipality, 
Kosovo (Source: Authors’ own eleboration)

Fig. 7. Spatial distribution of TOC concentrations generated using IDW interpolation in Baicë village, Lipjan Municipality, 
Kosovo (Source: Authors’ own eleboration)
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amount of biodegradable organic matter, which may 
contribute to oxygen depletion and negatively affect 
aquatic life. These findings are consistent with anthro-
pogenic influence in the study area and indicate that 
the water requires treatment prior to direct human con-
sumption.

Total Suspended Solids (TSS) represents an im-
portant indicator of water quality, reflecting the con-
centration of particulate matter suspended in water 
bodies. TSS levels vary depending on hydrogeolog-
ical conditions and anthropogenic influences (Aktar 
et al., 2017).

Guideline values for TSS differ depending on wa-
ter use; in general, lower concentrations are associated 
with better water clarity and reduced particulate pollu-
tion, while elevated levels indicate increased turbidity 
and potential environmental stress in aquatic systems.

Elevated TSS concentrations can reduce light 
penetration, increase turbidity, and negatively affect 
photosynthetic activity, thereby altering aquatic eco-
system functioning. Values exceeding approximately 
30 mg/L are commonly associated with degraded sur-
face water quality conditions.

The results obtained in this study indicate elevated 
TSS concentrations in the analyzed samples, suggest-
ing the presence of suspended particulate matter in the 
groundwater system. These particles may originate 
from natural processes such as soil erosion, as well as 
anthropogenic activities including agricultural runoff 
and inadequate land management practices.

Overall, the observed TSS levels indicate reduced 
water clarity in parts of the study area and highlight 
the influence of surface-derived inputs on groundwa-
ter quality.

Total Organic Carbon (TOC) is a comprehensive 
indicator used to quantify the total amount of organic 
carbon present in the water, including both dissolved 
and particulate organic matter. It provides a reliable 
estimate of the overall organic pollution load in aquat-
ic systems by measuring the carbon content of organic 
compounds (Adjovu et al., 2023; A.P.H. Association 
(2005).

Although the World Health Organization (WHO) 
does not establish a specific guideline value for TOC 
in drinking water, concentrations below 1  mg/L are 
generally considered acceptable to avoid issues related 
to taste and odor. 

The Environmental Protection Agency (EPA) rec-
ommends that TOC levels in surface water remain 
below 10 mg/L to maintain ecological balance. For 
treated wastewater, TOC concentrations should be re-
duced to below 50 mg/L prior to discharge into the 
environment.

The TOC results obtained in this study indicate 
moderately elevated levels of organic carbon in the 
analyzed samples. Such values suggest the presence 
of organic matter inputs, which may originate from 
anthropogenic sources such as agricultural runoff, do-
mestic waste, or localized human activities.

Overall, the observed TOC concentrations indicate 
minor to moderate organic enrichment in parts of the 
study area, suggesting that while severe contamination 
is not evident, the water quality is influenced by exter-
nal organic inputs and may require treatment prior to 
direct consumption.

Excessive phosphorus concentrations in aquatic 
systems are a major driver of eutrophication, a pro-
cess that can lead to algal blooms, oxygen depletion, 
and significant harm to aquatic ecosystems. The Envi-
ronmental Protection Agency (EPA) recommends that 
phosphorus levels in freshwater should remain below 
0.1 mg/L to protect ecological integrity.

Although the World Health Organization (WHO) 
does not specify a guideline value for phosphorus in 
drinking water, maintaining low concentrations is con-
sidered essential for preserving overall water quality.

The results obtained in this study indicate that 
phosphorus concentrations in several sampling loca-
tions exceed the recommended threshold of 0.1 mg/L. 

Such elevated levels suggest a potential risk of eu-
trophication, likely associated with anthropogenic in-
puts such as agricultural runoff, domestic wastewater, 
and other nutrient sources.

These findings highlight the potential environ-
mental impact of nutrient enrichment and emphasize 
the need for proper water quality management in the 
region (Aguilar-Torrejón et al., 2023; Zhang et al., 
2021).

Sources of lead contamination include agricultural 
activities involving the use of fertilizers and pesticides, 
atmospheric deposition from traffic-related emissions, 
corrosion of aging plumbing systems, improper waste 
disposal practices, and natural geochemical weather-
ing processes.

http://doi.org/10.15576/ASP.FC/225959
http://acta.urk.edu.pl/pl


Jusufi, K., Dibrani, K., Demaku, S., Maliqi, E. (2026). Geospatial assessment of groundwater quality and heavy metal contamination in 
Baicë village, Kosovo.  Acta Sci. Pol., Formatio Circumiectus, 25 (2), 127–145.  DOI: http://doi.org/10.15576/ASP.FC/225959

140 www.acta.urk.edu.pl 

Fig. 8. Spatial distribution of P (tot) concentrations generated using IDW interpolation in Baicë village, Lipjan Municipality, 
Kosovo (Source: Authors’ own eleboration)

Fig. 9. Spatial distribution of Pb concentrations generated using IDW interpolation based on groundwater samples collected 
at three monitoring locations in Baicë village, Lipjan Municipality, Kosovo (Source: Authors’ own eleboration)
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Among the analyzed elements, Pb concentrations 
exceeded the WHO guideline value (0.01 mg/L) at all 
sampling locations, indicating significant groundwater 
contamination and a potential risk to public health. 

These elevated levels warrant attention and high-
light the need for further investigation and monitoring.

Therefore, additional monitoring campaigns and 
analytical verification are recommended to confirm 
the persistence of contamination and to identify its 
primary sources. The findings highlight the need for 
appropriate management and mitigation measures 
aimed at reducing lead contamination and protecting 
groundwater resources in the study area.

Manganese (Mn) is a naturally occurring metal 
that can enter water systems through both natural geo-
chemical processes and anthropogenic activities such 
as industrial discharges. 

At elevated concentrations, manganese can nega-
tively affect water quality, cause aesthetic issues such 
as staining of plumbing fixtures, and pose potential 
health risks, particularly with long-term exposure.

Regulatory guidelines have been established to 
control manganese levels in drinking water. The En-
vironmental Protection Agency (EPA) recommends 

a maximum concentration of 0.05 mg/L, while the 
World Health Organization (WHO) sets a higher 
guideline value of 0.4 mg/L to minimize potential 
health and aesthetic concerns.

The manganese concentrations measured in this 
study ranged from 0.41 mg/L to 0.48 mg/L, exceeding 
the WHO guideline value at all sampling locations and 
the EPA limit in all cases, indicating elevated manga-
nese levels in the groundwater system (Egbueri et al., 
2022; Panneerselvam and Priya, 2021).

These elevated levels indicate potential implica-
tions for water quality and usability, particularly for 
drinking and domestic purposes. 

While not necessarily indicative of acute toxicity, 
such concentrations suggest that the water may require 
treatment prior to consumption and that continued 
monitoring is necessary to assess temporal stability 
and source contributions.

CONCLUSIONS

This study evaluated groundwater quality in Baicë vil-
lage, Lipjan Municipality, Kosovo, during the summer 
and autumn of 2024 through the analysis of key phys-

Fig. 10. Spatial distribution of Mn concentrations generated using IDW interpolation in Baicë village, Lipjan Municipality, 
Kosovo (Source: Authors’ own eleboration)
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icochemical parameters and potentially toxic elements 
(PTEs). Most physicochemical parameters, including 
pH, electrical conductivity, salinity, total dissolved 
solids (TDS), and major ions, remained within the 
permissible limits established by the World Health 
Organization (WHO), indicating generally acceptable 
groundwater quality conditions.

Nevertheless, notable spatial variations were ob-
served among the sampling locations. The upstream 
stations (M1 and M2) exhibited relatively stable water 
quality characteristics, whereas the downstream sta-
tion (M3) showed signs of deterioration, most likely 
associated with anthropogenic influences such as ag-
ricultural runoff and potential inputs from domestic or 
localized wastewater discharges.

Among the analyzed potentially toxic elements, Pb 
and Mn were identified as the most environmentally 
relevant contaminants due to their elevated concen-
trations and potential implications for groundwater 
quality.

In particular, Pb concentrations exceeded the WHO 
guideline value (0.01 mg/L) at all sampling locations, 
indicating significant contamination and a potential 
risk to public health, while Mn levels also exceeded 
recommended guideline values.

The geospatial analysis performed using GIS and 
IDW interpolation provided a preliminary visualiza-
tion of the spatial distribution of contaminants and as-
sisted in identifying areas of increased environmental 
concern. In addition, multivariate statistical analyses, 
including Principal Component Analysis (PCA) and 
Hierarchical Cluster Analysis (HCA), were applied 
as exploratory tools to evaluate relationships among 
water quality variables and potential contamination 
patterns.

Several limitations should be acknowledged. First, 
the study was based on only three groundwater sam-
pling locations, which restricts the spatial represen-
tativeness of the results and limits the reliability of 
spatial interpolation. Second, sampling was conducted 
during only two seasonal periods, preventing a com-
prehensive assessment of long-term temporal variabil-
ity.

Therefore, the findings should be interpreted as 
a preliminary assessment of groundwater quality con-
ditions in Baicë village and they need to be confirmed 
through broader spatial and temporal investigations.

Future studies should include a larger number of 
monitoring locations, extended seasonal coverage, as 
well as long-term monitoring programs to improve the 
understanding of groundwater contamination dynam-
ics and to strengthen the reliability of spatial and sta-
tistical analyses.

Overall, the results highlight the importance of 
continuous groundwater quality monitoring and the 
implementation of appropriate management and miti-
gation measures to reduce contamination risks, protect 
water resources, and safeguard public health in the 
study area.

An additional limitation of the study is that detailed 
analytical validation parameters, including calibration 
coefficients (R²), limits of detection (LOD), and lim-
its of quantification (LOQ), were not available for re-
porting. Although standard QA/QC procedures were 
implemented during ICP-OES analysis, the absence 
of these validation parameters should be considered 
when interpreting the analytical results.
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GEOPRZESTRZENNA OCENA JAKOŚCI WÓD GRUNTOWYCH ORAZ ZANIECZYSZCZENIA METALAMI 
CIĘŻKIMI W MIEJSCOWOŚCI BAICË, KOSOWO

ABSTRACT

Cel badania
Niniejsze badanie odnosi się do narastającego problemu zanieczyszczenia wód na obszarach wiejskich, gdzie 
ograniczony monitoring może wpływać zarówno na zdrowie ludzi, jak i stabilność ekosystemów. Zanie-
czyszczenie zasobów wód słodkich stało się istotnym problemem środowiskowym i zdrowia publicznego, co 
podkreśla potrzebę szczegółowych ocen lokalnych. Badanie to ocenia stopień zanieczyszczenia oraz jakość 
wody w miejscowości Baicë w Kosowie, będącej obszarem wiejskim, gdzie ograniczony monitoring może 
oddziaływać zarówno na zdrowie ludzi, jak i stabilność ekosystemów.

Materiały i metody
Próbki wód gruntowych analizowano pod kątem kluczowych parametrów fizykochemicznych oraz zawarto-
ści metali ciężkich, w tym Cr, Al, Cu, Fe, Mn, Ni, Pb, Zn, As i Cd. Wyniki wykazały istotnie podwyższone 
stężenia ołowiu we wszystkich punktach poboru próbek (M1: 0,29 mg/L, M2: 0,25 mg/L, M3: 0,26 mg/L), 
przekraczające dopuszczalne normy i wskazujące na poważne zanieczyszczenie. Podwyższone wartości in-
nych parametrów, w tym ChZT (COD) oraz BZT (BOD5), dodatkowo sugerują antropogeniczny wpływ na 
jakość wody.

Wyniki i wnioski
Uzyskane wyniki wskazują, że wody gruntowe na badanym obszarze nie nadają się do bezpośredniego spo-
życia bez wcześniejszego uzdatniania. Analiza przestrzenna pozwoliła zidentyfikować obszary o najwyż-
szym poziomie zanieczyszczenia, wskazując na strefy podwyższonego ryzyka środowiskowego oraz wspie-
rając opracowanie ukierunkowanych strategii remediacji. Poziomy pierwiastków toksycznych, w tym Cr, Al, 
Cu, Fe, Mn, Ni, Pb, Zn, As i Cd, analizowano metodą spektrometrii emisyjnej ze wzbudzeniem w plazmie 
sprzężonej indukcyjnie (ICP-OES), co dostarczyło dodatkowych informacji na temat zanieczyszczenia. Po-
nadto analiza geoprzestrzenna z wykorzystaniem systemów GIS oraz interpolacji metodą odwrotnej odle-
głości (IDW) umożliwiła opracowanie map stref zanieczyszczeń, ukazując zróżnicowanie przestrzenne oraz 
pomagając w identyfikacji obszarów priorytetowych dla działań naprawczych.

Słowa kluczowe: jakość wód gruntowych, metale ciężkie, analiza geoprzestrzenna, GIS, zanieczyszczenie 
wód, spektrometria emisyjna ze wzbudzeniem w plazmie sprzężonej indukcyjnie (ICP-OES)
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