Evaluating groundwater contamination and its implications for public health and crop production in multiple aquifers of Phra Nakhon Si Ayutthaya, Thailand
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Effective groundwater resource management necessitates a thorough understanding of hydrological and hydrochemical processes. This study offers an in-depth evaluation of groundwater quality and hydrochemical processes across five distinct aquifers in Phra Nakhon Si Ayutthaya, Thailand: Bangkok (BKK), Phra Pradaeng (PPD), Nakhon Luang (NKL), Nonthaburi (NTB), and Sam Khok (SK). Groundwater samples were systematically collected from these aquifers and analyzed using Ion Chromatography (IC) to determine the concentration of various constituents. The investigation identified elevated levels of sodium and salinity in the shallow aquifers (BKK and PPD), which can reduce soil permeability and negatively impact agricultural productivity. The presence of four groundwater types—Na-Cl, Na-HCO3, Ca-Cl, and Ca-HCO3—indicates that rock weathering, mineral dissolution, and ion exchange reactions with geological formations are key factors influencing groundwater chemistry. Significant concerns were raised about groundwater quality due to high concentrations of heavy metals such as Zn, Hg, Pb, Fe, and Mn. These metals were found in concentrations exceeding the safe drinking water standards set by the World Health Organization (WHO) in some samples. The detection limits for these metals using IC were as follows: Zn (0.05 mg/L), Hg (0.001 mg/L), Pb (0.01 mg/L), Fe (0.02 mg/L), and Mn (0.01 mg/L). Evaluating the suitability of groundwater for drinking and irrigation using the Water Quality Index (WQI) and the Wilcox diagram revealed that a majority of samples were categorized as “poor” or “unsuitable.” The primary anthropogenic influences affecting groundwater quality were identified as untreated sewage discharge and fertilizer application. These findings underscore the critical need for ongoing monitoring, effective management, and remediation strategies to mitigate potential public health and agricultural hazards.
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