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Abstract

Drinking water quality is one of the most important components of public health and
sustainable water resource management, and its continuous assessment, especially in urban
areas, is of particular importance. In this study, the quality of drinking water wells in
Mahmoudabad County was evaluated using the Water Quality Index (WQI) and the
National Sanitation Foundation Water Quality Index (NSFWQI). The dataset included
physical and chemical parameters such as pH, nitrate, total hardness, chloride, sulfate, total
dissolved solids, turbidity, and temperature during the period 2020-2025. To achieve a
more comprehensive evaluation, in addition to calculating water quality indices, Pearson
correlation analysis was applied to examine the relationships among parameters, and the
k-means clustering method was used to classify samples into groups with similar quality
characteristics. The results indicated that the general water quality in most urban wells of
Mahmoudabad ranged from good to excellent; however, in some samples higher index
values reflected a relative decline in water quality and the sensitivity of groundwater
resources to land-use changes and agricultural activities. Correlation analysis revealed
consistent behavior among parameters such as total hardness, sulfate, and total dissolved
solids, as well as the significant role of nitrate in reducing water quality. Furthermore,
clustering analysis highlighted the spatial variability of water quality and the influence of
hydrogeological conditions and human activities. The findings of this study demonstrate
the effectiveness of a multidimensional approach for monitoring, management, and
targeted planning of urban drinking water resources.

1. Introduction

Access to safe drinking water is one of the most fundamental requirements for human health, sustainable
urban development, and environmental protection. In northern Iran, particularly in Mahmoudabad
County, Mazandaran Province, groundwater extracted from municipal wells serves as the primary
source of drinking water. Rapid urbanization, population growth, intensive agricultural practices, and
expansion of tourism have increased the pressure on groundwater resources, raising concerns regarding
both sustainability and water quality. Contamination of groundwater may originate from both natural
geochemical processes and anthropogenic activities, including fertilizer application, wastewater
leakage, and urban land use changes. These pressures necessitate comprehensive and continuous
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monitoring to ensure public health and sustainable management of water resources. Water quality
indices, such as the Water Quality Index (WQI) and the National Sanitation Foundation Water Quality
Index (NSFWQI), have been widely applied as tools to integrate multiple physical and chemical water
parameters into a single, interpretable number. WQI provides a weighted assessment of parameters
relative to their permissible standards, while NSFWQI incorporates nine key parameters reflecting
health and environmental importance, allowing standardized comparison across regions and periods.
While these indices offer valuable insights, using them in isolation may not capture the complete picture
of water quality variability or the complex interactions among parameters. Therefore, a
multidimensional approach that combines indices with statistical analyses such as correlation and
clustering provides a more comprehensive assessment of water quality patterns, supports targeted
interventions, and informs sustainable management strategies.

2. Materials and Methods

The study was conducted on groundwater wells supplying drinking water in urban areas of
Mahmoudabad, Mazandaran Province, Iran. The region is characterized by a humid Caspian climate
with relatively high rainfall and humidity, and its urban expansion, population density, agricultural
activity, and tourism infrastructure place significant pressure on local groundwater resources. A total of
seven wells were selected across the city to represent the spatial distribution of the urban water supply
network. Physicochemical parameters including pH, nitrate, total hardness, chloride, sulfate, total
dissolved solids (TDS), temperature, and turbidity were measured over the period 2020—2025 to assess
the temporal and spatial variability of water quality. To evaluate water quality, two commonly used
indices were employed: the Water Quality Index (WQI) and the National Sanitation Foundation Water
Quality Index (NSFWQI). These indices integrate multiple water quality parameters into a single
representative value, providing a clear and comparable measure of overall water quality. Both indices
allowed the assessment of water suitability for drinking purposes and highlighted potential areas of
concern. Statistical analyses were applied to provide deeper insight into the relationships among water
quality parameters. Pearson correlation analysis was used to identify linear relationships between
variables, allowing the detection of parameters that behave similarly or influence each other. This
helped to understand the combined effects of natural geological processes and anthropogenic activities
on groundwater quality. In addition, k-means clustering was employed to classify wells into distinct
groups based on water quality characteristics. This method grouped wells with similar chemical
compositions and index scores together, revealing spatial patterns of water quality, highlighting areas
with higher mineralization or contamination, and supporting targeted management and monitoring
strategies. By combining water quality indices with correlation and clustering analyses, a
multidimensional approach was applied to comprehensively assess urban groundwater quality and
identify critical zones for sustainable resource management.

3. Results

The results of this study indicate that the urban groundwater quality in Mahmoudabad is generally
within the good to excellent categories based on both the Water Quality Index (WQI) and the National
Sanitation Foundation Water Quality Index (NSFWQI). The majority of the sampled wells were
classified in these favorable classes, suggesting that the groundwater is largely suitable for drinking
purposes. The pH values of groundwater showed a narrow variation, with an average of 7.36 and a
range from 7.16 to 7.78, reflecting stable and neutral conditions appropriate for human consumption.
Total hardness exhibited moderate levels, with an average concentration of 320.48 mg/L and values
ranging between 150 and 448.8 mg/L, indicating moderate mineralization of the aquifer system. Nitrate
concentrations were mostly within permissible limits, averaging 5.84 mg/L; however, localized
increases were observed in some wells. Correlation analysis revealed strong positive relationships
among total hardness, sulfate, and total dissolved solids (TDS), suggesting that these parameters are
controlled by similar geochemical processes, most likely related to mineral dissolution within the
aquifer. In contrast, nitrate showed weaker correlations with other parameters, implying a different
origin and highlighting the influence of anthropogenic activities on its distribution. The k-means
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clustering analysis classified the wells into three distinct groups. The first two clusters comprised wells
with generally good water quality but with different levels of mineral content, while the third cluster
contained a limited number of wells characterized by comparatively lower water quality.

4. Discussion and Conclusion

The findings demonstrate that groundwater resources in Mahmoudabad are, in general, of satisfactory
quality for drinking purposes. The predominance of wells in the good to excellent quality classes reflects
the relatively favorable hydrogeological conditions of the region. The neutral pH and moderate hardness
values further confirm the overall suitability of groundwater for domestic use, although mineral content
varies spatially due to geological characteristics and human activities. The spatial variability of nitrate,
as reflected by its weak correlations with other parameters and its localized elevation in some wells,
underscores the impact of agricultural practices and domestic wastewater infiltration. These results
emphasize the need to control land-use activities and improve wastewater management in order to
prevent further deterioration of groundwater quality. The clustering results provide valuable
information on the spatial patterns of groundwater quality. The identification of wells with relatively
lower quality allows water managers to focus monitoring and mitigation efforts on vulnerable areas,
thereby improving the efficiency of water quality management programs. Overall, integrating WQI and
NSFWQI with correlation and clustering analyses offers a comprehensive multidimensional framework
for groundwater quality assessment. This approach not only summarizes overall water quality
conditions but also reveals hidden relationships and spatial patterns that cannot be detected using single-
index methods alone. Continuous monitoring, especially of parameters such as nitrate, is strongly
recommended to safeguard public health and ensure the long-term sustainability of groundwater
resources in Mahmoudabad.
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