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This study aims to comprehensively assess the groundwater quality of the
Ardabil Plain and identify the factors influencing it. For this purpose, quality
data from 26 exploitation wells collected in 2024 were used. The research
methodology included multivariate statistical analyses such as Hierarchical
Cluster Analysis (HCA) and Principal Component Analysis (PCA), along with
the calculation of the Iranian Groundwater Quality Index (IRWQIGT). Key
findings indicated that groundwater quality in the Ardabil Plain is variable. HCA
classified the wells into three main groups with different qualities, where wells
in the northern and central regions exhibited better quality compared to those in
the southern regions. PCA revealed that natural processes of salinization and
mineralization (PC1) are the dominant factors controlling water quality.
Furthermore, the second component (PC2) indicated the impact of
anthropogenic activities, particularly agriculture and the introduction of heavy
metals. The IRWQIGT map also showed that approximately 50% of the aquifer
falls into the 'poor' quality category and 27% into the very poor category,
predominantly concentrated in the southern and southeastern areas. Conversely,
19% of the aquifer exhibited 'good' quality and only 4% '‘excellent' quality,
primarily located in the northern part. The main results of the study indicate that
the groundwater quality of the Ardabil Plain is influenced by a combination of
natural factors and anthropogenic activities. While natural processes play the
primary role, the increasing impact of human activities, especially regarding
heavy metal contamination, is concerning and necessitates integrated
management and continuous monitoring of the groundwater resources in this
region.
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EXTENDED ABSTRACT

Introduction

Groundwater is a vital freshwater source, particularly in arid and semi-arid regions like the Ardabil
Plain in northwestern Iran, supporting drinking, agricultural, and industrial needs. However, increasing
population, developmental activities, and climate change exert significant pressure on these resources.
Groundwater quality is influenced by natural factors (e.g., geology, climate) and anthropogenic factors
(e.g., pollutant infiltration, over-extraction). Changes in groundwater quality can adversely affect
human health, agriculture, and ecosystems, making continuous aquifer quality assessment essential.
This research aims to comprehensively evaluate the groundwater quality of the Ardabil Plain and
identify influential factors using multivariate statistical analyses (Hierarchical Cluster Analysis - HCA,
Principal Component Analysis - PCA) and the Iranian Groundwater Quality Index (IRWQIGT).

Materials and methods

The Ardabil Plain, 1500 km2 in northwestern Iran, comprises Quaternary alluvial deposits hosting
significant aquifers. The semi-arid climate features hot, dry summers and cold, wet winters. Agriculture
(grains, potatoes, orchards) and animal husbandry are major economic activities. Groundwater quality
data from 26 exploitation wells, monitored by the Ardabil Regional Water Organization, were utilized
from spring 2024 sampling, following national standard protocols. Analyzed parameters included EC,
sulfate, pH, TDS, calcium, magnesium, nitrate, lead, cadmium, arsenic, bicarbonate, sodium,
potassium, and chloride. Python was used for data analysis. Descriptive statistics summarized the data.
HCA (Ward's method, Euclidean distance) grouped wells with similar water quality. PCA identified
main factors affecting water quality variations. The IRWQIGT assessed groundwater suitability for
drinking, based on weighted parameters and rating curves.

Results and discussion

Groundwater quality in the Ardabil Plain was variable. HCA classified wells into three main clusters.
Wells in northern and central regions (Cluster 1) generally exhibited better quality with lower salinity
(lower EC, TDS, SOa, Na, Cl) compared to southern region wells (Clusters 2 and 3), which showed
higher concentrations, indicating greater mineralization and salinity. PCA identified two principal
components (PC1, PC2) explaining 75% of total data variance. PC1, with high positive loadings for
EC, TDS, SO4, Na, ClI, Ca, Mg, HCOs, and Pb, represented dominant natural salinization and
mineralization processes. This suggests mineral dissolution from geological formations and evaporative
salt concentration are primary controls on regional water quality. PC2 showed high positive loadings
for K, Cd, and As, and high negative loading for pH, indicating secondary, likely anthropogenic,
influences. Elevated potassium and nitrate in agricultural areas point to chemical fertilizer impacts,
while heavy metals like cadmium and arsenic suggest potential contamination from industrial activities,
waste disposal, or leaching from mineralized zones. The IRWQIGT map revealed significant spatial
variations. Approximately 50% of the aquifer was 'poor' quality and 27% 'very poor', predominantly in
southern and southeastern areas. Conversely, 19% showed 'good' quality and only 4% 'excellent’, mainly
in the north. These findings indicate serious quality challenges, particularly in southern regions where
high salinity and heavy metal concentrations (notably lead) exceed drinking water standards.

Conclusion

Ardabil Plain's groundwater quality is influenced by combined natural hydrogeochemical processes
(primarily salinization and mineralization) and anthropogenic activities. While natural processes are
primary drivers, increasing human impacts, especially from agriculture (elevated nitrate, potassium)
and potential industrial/urban pollution (heavy metal contamination), are significant concerns. A
substantial portion of the aquifer, especially in southern/southeastern areas, has poor to very poor water
quality, posing health risks if used untreated for drinking and limiting agricultural suitability. Given
growing water demand and limited surface water, protecting the Ardabil Plain aquifer is crucial.
Integrated water resource management, continuous monitoring, and a thorough understanding of
hydrogeochemical processes are essential for sustainable groundwater utilization.
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