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This study aimed to comprehensively evaluate the hydrochemical processes governing the water quality
of the sub-basins supplying the Kowsar Dam and to investigate the spatial and temporal variations in
surface water quality across the watershed. To achieve this objective, 72 water samples were collected
from the tributaries draining into the Kowsar Dam during different seasons over an approximately one-
year period, from December 2022 to October 2023. In addition to electrical conductivity (EC) and pH, the
concentrations of the major ions, including Ca?*, Mg?*, Na*, K*, HCOs", SO,*, CI-, and NOg", together
with the biochemical parameters dissolved oxygen (DO), biochemical oxygen demand (BOD), and
oxidation—reduction potential (ORP), were determined. The dataset was interpreted using hierarchical
cluster analysis (HCA), Euclidean distance, Scree plot analysis, the rotated component matrix, and
correlation analysis. The results showed that EC ranged from 412 to 6,695 uS/cm, whereas CI-
concentrations varied from 0.15 to 44 meq/L. The pronounced variability observed in the major ions and
biochemical parameters indicates the combined influence of natural hydrogeochemical processes and
anthropogenic activities on water quality. The hydrochemical data further confirmed the occurrence of
both normal and reverse ion-exchange processes within the study area. Correlation analysis revealed that
the temporal and spatial variations in water quality were primarily controlled by wastewater discharge
into the stream network and seasonal discharge fluctuations driven by precipitation patterns. Hierarchical
cluster analysis identified four distinct clusters, with the sewage-affected cluster exhibiting BOD
concentrations of up to 37 mg/L. Furthermore, the rotated component matrix extracted three principal
factors controlling water quality, among which the first factor exhibited the highest loadings for Na* and
EC, indicating their dominant contribution to hydrochemical variability within the watershed.

Introduction

water quality deterioration (Zhang et al., 2022; Kareem and

Assessing surface water quality is one of the fundamental
components of water resources management, providing
essential information for the sustainable management of water
resources (Sikder et al., 2015). Evaluation of the physical,
chemical, and nutrient characteristics of river basins is therefore
of great importance (Hoque et al., 2023). In recent years,
numerous studies have investigated the factors controlling
spatial and temporal variations in surface water quality,
emphasizing the effects of climate change, natural processes,
anthropogenic activities, and land use. Climatic variables,
including precipitation, temperature, evaporation, and
evapotranspiration, directly influence surface water quality,
while human activities have become one of the major drivers of

Leventeli, 2024).

Natural processes and anthropogenic activities jointly
control surface water quality (Al Yousif and Chabuk., 2023).
Geological formations, livestock farming, and wastewater
discharge are among the main factors affecting water quality
under different hydrological conditions (Ullah et al., 2018). In
this study, major ions and biochemical parameters were used to
investigate the spatial and temporal variations in surface water
quality and the governing hydrochemical processes.
Hydrochemical diagrams, hierarchical cluster analysis (HCA),
and factor analysis (FA) were applied to interpret the data. The
Kowsar Dam catchment, located in southwestern Iran, is one of
the country's important water resource systems. This study
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simultaneously evaluates major ions, biochemical parameters
(ORP, BOD, and DO), and the effects of municipal and hospital
wastewater on surface water quality, providing a comprehensive
assessment of the relative contributions of geogenic and
anthropogenic factors to water quality in the basin.

Methodology

The study area comprises the sub-basins of the Kowsar Dam
catchment, which constitute one of the major water sources
supplying drinking and industrial water to southern and
southwestern Iran. Owing to the widespread occurrence of
carbonate rocks, evaporite formations, and clastic sediments,
the basin exhibits diverse hydrogeological conditions that
strongly influence surface water quantity and quality. To
comprehensively evaluate water quality, the four major inflows
to the Kowsar Dam reservoir were selected for investigation.

Water samples were collected seasonally over a one-year
period, from January to October 2023 (January, May, July, and
October), to evaluate the effects of seasonal and hydrological
variations on water quality. Physicochemical and biochemical
parameters, including pH, electrical conductivity (EC), Ca®*,
Mg?*, Na*, K*, HCOg, SO4%, CI', NOg', dissolved oxygen (DO),
biochemical oxygen demand (BOD), and oxidation-reduction
potential (ORP), were measured. Descriptive statistical indices,
including minimum, maximum, and variance, were calculated
for each parameter. Furthermore, multivariate statistical
techniques, including hierarchical cluster analysis (HCA) and
factor analysis (FA), were employed to identify the principal
factors controlling surface water quality.

Results and Discussion

The highest EC values were observed at stations R2, R3, and
R8 (Khooni and Shoor rivers), indicating elevated
concentrations of dissolved constituents, whereas the lowest EC
values were recorded at stations R14 and R15 (Black and
Bolghis springs). Seasonal fluctuations in EC were observed at
all sampling stations, reflecting variations in streamflow and
runoff conditions throughout the study period. Descriptive
statistical indices, including the mean, minimum, maximum,
median, standard deviation, and coefficient of variation, were
calculated to characterize the hydrochemical and biochemical
properties of the study area.

Hierarchical cluster analysis (HCA) using Ward's method
and Euclidean distance classified the sampling sites into four
distinct clusters. The first cluster (R3 and R8) represented the
Shoor River and the salinization zone, characterized by the
highest EC (6,638 uS/cm) and elevated Na* and CI-
concentrations, confirming the geogenic influence of evaporite
dissolution, particularly from the Gachsaran Formation
(Mohammadi et al., 2021; Moradinejad et al., 2025). The second
cluster (R4, R7, and R10) comprised municipal and hospital
wastewater as well as influent to the Dehdasht wastewater
treatment plant, and was distinguished by elevated BOD (up to
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27 mg/L) and NOs concentrations, indicating the significant
impact of anthropogenic pollution. The third cluster (R2 and
R11) included stations such as Bimanjegan, where higher
hardness and SO4% concentrations reflected the dissolution of
gypsum and other sulfate-bearing minerals along the flow path.
The fourth cluster (R1, R5, R6, and R9) represented relatively
unpolluted freshwater resources, including Paduk and
Khairabad, characterized by low salinity and high dissolved
oxygen (DO) concentrations.

The Scree plot identified three principal factors, which
accounted for approximately 85% of the total variance in the
dataset according to Cattell's criterion (Cattell, 1966). The
rotated component matrix further confirmed that the
hydrochemical characteristics of the Kowsar Dam catchment
could be explained by three dominant factors controlling surface
water quality.

Conclusions

The findings of this study demonstrate that integrating
seasonal monitoring with multivariate statistical analysis
provides an effective framework for assessing surface water
quality. Water quality monitoring in the sub-basins of the
Kowsar Dam catchment revealed that the quality of inflow
water is simultaneously controlled by natural hydrogeochemical
processes and anthropogenic activities. These findings highlight
the importance of adopting integrated and evidence-based water
resources management strategies within the basin.

Overall, the results indicate that the long-term sustainability
of water quality in the Kowsar Dam reservoir cannot be ensured
solely by favorable natural conditions. Instead, it requires the
implementation of integrated water resources management
(IWRM), continuous water quality monitoring, effective control
of anthropogenic pollution sources, and the incorporation of
geological characteristics into watershed development planning.
The outcomes of this study provide valuable scientific support
for water management authorities to reduce pollution risks,
optimize reservoir operation, and strengthen long-term water
security in the region.
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Fig. 2. River network, Dehdasht municipal wastewater treatment plant, and land use map of the study area
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Fig. 3. Electrical conductivity (EC) of water samples from the Kowsar Dam watershed during different sampling periods
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Table 1. Descriptive statistical parameters of the chemical analyses of water samples from the Kowsar Dam watershed
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Table 2. Correlation matrix of water samples from the Kowsar Dam watershed

Variables Ca Mg Na K HCOs3 SO4

Cl EC TDS pH NOs DO BOD

Ca 1 0.835 | 0.775 | 0577 | 0.271 | 0.949

0.709 | 0.947 | 0.958 | -0.025 | 0.110 | -0.054 | 0.076

Mg 0.835 1 0.516 | 0.684 | 0.380 | 0.883

0.429 | 0.759 | 0.785 | 0.083 | 0.153 | -0.104 | 0.146

Na 0.775 | 0.516 1 0.219 | -0.013 | 0.676

0973 | 0931 | 0.899 | -0.025 | 0.050 | 0.183 | -0.135

K 0.577 | 0.684 | 0.219 1 0.405 | 0.608

0.152 | 0.450 | 0.469 | -0.126 | -0.086 | -0.426 | 0.510

HCOs 0.271 | 0.380 | -0.013 | 0.405 1 0.174

-0.052 | 0.175 | 0.187 | -0.073 | -0.099 | -0.474 | 0.558

SOq4 0.949 | 0.883 | 0.676 | 0.608 | 0.174 1

0.560 | 0.873 | 0.895 | 0.063 | 0.127 | -0.044 | 0.016

Cl 0.709 | 0.429 | 0973 | 0.152 | -0.052 | 0.560

1 0.880 | 0.843 | -0.067 | 0.054 | 0.221 | -0.137

EC 0.947 | 0.759 | 0931 | 0.450 | 0.175 | 0.873

0.880 1 0.989 | -0.022 | 0.086 | 0.057 | -0.009

TDS 0.958 | 0.785 | 0.899 | 0.469 | 0.187 | 0.895

0.843 | 0.989 1 0.003 | 0.111 | 0.044 | -0.002

pH -0.025 | 0.083 | -0.025 | -0.126 | -0.073 | 0.063

-0.067 | -0.022 | 0.003 1 0.534 | 0.300 | -0.141

NOs 0.110 | 0.153 | 0.050 | -0.086 | -0.099 | 0.127

0.054 | 0.086 | 0.111 | 0.534 1 0.401 | -0.219

DO -0.054 | -0.104 | 0.183 | -0.426 | -0.474 | -0.044

0.221 | 0.057 | 0.044 | 0.300 | 0.401 1 -0.744

BOD 0.076 | 0.146 | -0.135 | 0.510 | 0.558 | 0.016

-0.137 | -0.009 | -0.002 | -0.141 | -0.219 | -0.744 1
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Fig. 4. Sodium versus chloride scatter plot (meg/L)
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Fig. 5. Hierarchical cluster dendrogram of water samples from the Kowsar Dam watershed
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Table 3. Rotated component matrix obtained from principal component analysis (PCA) of the hydrogeochemical parameters

Parameters CoUEE
1 2 3

Ca 0.473 0.464 0.031
Mg 0.207 0.703 0.007
Na 0.917 0.054 0.002
K 0.027 0.795 0.005
HCO3 0.009 0.220 0.548
S04 0.217 0.674 0.007
Cl 0.918 0.026 0.000
EC 0.735 0.237 0.018
TDS 0.697 0.279 0.017
pH 0.253 0.035 0.443
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