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Introduction

Groundwater resources play a vital role as the main source of drinking water,
agriculture, and industry in many arid and semi-arid regions of Iran. Limited surface
water availability, population growth, agricultural and industri
frequent droughts have significantly increased reliance on gou in recent
decades. However, groundwater quality is undg[ serious threat
chemical fertilizers and pesticides, discharge of icipal and indugial effl
excessive abstraction. The Hamedan—Bahar plain, lo i
Province with a cold semi-arid climate, covers about
agricultural and nearly half of urban drinking water
variations in groundwater qualitygis th re of i
on monitoring four key paramet * i
bicarbonate—during the period 2020- f Geographic Information System
(GIS) for spatial mapping of critical zone erarchical Cluster Analysis (HCA) for
classifying wells constitut innovation of this research, providing a practical
framework for groundwatefgmanagemerfyand strategic planning.

pplies@ver 80% of
its séotemporal

his study focuses
ctrical conductivity (EC), and

Methodolw

and samples were analyzed in the laboratory. For spatial analysis, the Inverse
eighting (IDW) interpolation method was applied in ArcGIS Pro to generate
nuous maps of groundwater quality. For statistical analysis, five-year averages of
each parameter were calculated and normalized, followed by Hierarchical Cluster
Analysis (HCA) using Ward’s linkage and Euclidean distance to classify wells into
groups with similar quality characteristics.

Results

The five-year analysis revealed significant spatiotemporal variations in groundwater
quality. The pH values ranged from 6.7 to 7.9 and remained within the national drinking
water standard (6.5-8.5). Slightly lower values occurred in the eastern and southern



regions, while higher values were found in the west and north. Nitrate concentrations
showed a clear increasing trend, rising from 28 mg/L in 2020 to 51 mg/L in 2024. By
the end of the monitoring period, about 30% of wells exceeded the permissible limit of
50 mg/L, with the highest concentrations in the southern and eastern zones where
fertilizer use is more intensive. Electrical conductivity values in some wells surpassed
2400 pS/cm, indicating the onset of salinity. Although the maximum occurred in 2020
and the minimum in 2022, the overall trend showed gradual increases, especially in the
eastern and northeastern sectors. In contrast, bicarbonate remained relatively stable,
always below 10 mg/L across the plain. HCA grouped the wells ingg four categories:
wells with good quality, wells with moderate pollution, wells with nitrate and
EC, and critically polluted wells concentrated in the south and e

Discussion and Conclusion

facing increasing pressure. Rising nitrate levels and
the southern and eastern parts Qf the mlain, are cessive fertilizer
application, infiltration of agric raMnd jndus over-abstraction.
These trends pose significant risks , agricultural productivity, and
ecosystem sustainability. HCA prove in identifying critical zones and
prioritizing management esults highlight the urgent need for
continuous monitoring, r nitrogen fertilizers, improved wastewater
management, and adoptio rigation technologies in vulnerable areas.
Integratmg‘als -based espati with temporal monitoring provides a

icularly in

comprehenswe d transféygble fra for groundwater management that can also
be ap ure long-term sustainability, regular monitoring
progra i ulatlon of illegal withdrawals, better agricultural input

management, ent of wastewater treatment facilities, and the application of
e recommended. When combined with community participation
cy enforcement, these measures can safeguard the Hamedan—Bahar
rve as a model for sustainable groundwater management in similar
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