Hydrogeochemical Assessment and Quality Appraisal of Groundwater in
South Khorasan Province Using Integrated Indices and Multivariate

Modeling
Abstract

Securing high-quality water resources in arid regions such as South Khorasan Province is a critical and escalating challenge. This
study aimed to comprehensively evaluate groundwater quality, conduct a comparative appraisal of drinking water indices, apportion
contamination sources, and uncover concealed agricultural soil risks. Hydrochemical data from 279 groundwater samples were
processed in a Python environment following automated screening based on the ionic balance error. The results revealed that Na-

K-CI is the predominant hydrochemical facies (79.3%), with evaporation—crystallization identified as the priggary governing

mechanism, aligning completely with regional hydrogeological conditions reported in prior studies According to tl

clay dispersion,

permeability decline, and soil physical structural degradation. Furthermore, PCA e i i geogenic evaporite
mineral dissolution (55.9% variance) from anthropogenic agricultural fertilizer inputs i Overall, sustainable
groundwater management in arid basins requires moving beyond traditional single~ oward the concurrent
integration of multidimensional quality models with soil-structure S‘UVC indices
Keywords: Magnesium Hazard (MH), Gibbs plot, Na-K-Cl facies .‘ SO cipal Component Analysis (PCA)
Introduction

Ensuring a safe and reliable water suppl dpfind semi-arid regions such as South

Khorasan province is a critical and escalating cha
with prolonged droughts, has placed immense pres

he increasing demand for water, coupled
e on groundwater resources. This study
aimed to comprehensively evaluate th@tality of gr@lindwater resources for both drinking and

various pollutants A critical researgh gap cx s regarding the conventional, exclusive reliance on
ks detectable through complementary indices such

computational or ratory errors, a Python-based computational script was developed to
calculate the I lance Error (IBE) for each sample. Only samples with an IBE of less than
+10% W@talned for subsequent analyses. For the evaluation of drinking water suitability, a
comparative®® methodology was employed using three distinct models: the World Health
Organization Water Quality Index (WHO-WQI), the Canadian Council of Ministers of the
Environment Water Quality Index (CCME-WQI), and the Weighted Water Quality Index.
Agricultural viability was assessed by calculating multiple irrigation indices, including the Sodium
Adsorption Ratio (SAR), Residual Sodium Carbonate (RSC), Sodium Percentage (%Na),
Magnesium Hazard (MH), and Kelley’s Ratio (KR). Furthermore, to elucidate the
hydrogeochemical evolution and disentangle the sources of pollution, Piper and Gibbs diagrams
were utilized alongside Principal Component Analysis (PCA) as a multivariate statistical tool.



Results

The hydrochemical analysis revealed that the predominant water type in the studied aquifers
is the Na-K-Cl facies (accounting for 79.3% of samples). The Gibbs diagram demonstrated that
the chemistry of the groundwater is overwhelmingly governed by the evaporation-crystallization
process, which is characteristic of the arid climatic conditions in South Khorasan. Regarding
drinking water suitability, the WHO-WQI model indicated that over 70% (70.6%) of the analyzed
samples fall into the desirable/permissible categories for human consumption. However, spatial
analysis highlighted localized quality deterioration primarily in the southeastern and southwestern
hotspots of the province. In the agricultural sector, a critical dichotomy was discovere ile the
traditional SAR index categorized the vast majority of samples as favorablegevaluat using
MH, KR, and %Na revealed significant hidden risks, indicating a high potentid} for lon@term
physical soil degradation and permeability reduction. Finally, tra€ted two

primary components: a “Geogenic Factor” driven by natura 1 i dggolution and
intense evaporation (explaining 55.9% of total variance), and an “ iglFactor” strongly

(explaining 11.2% of total variance).
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