Assessment of Groundwater Salinity Using Hydrogeochemical and Multivariate Approaches in Ban Thum Area, Mueang Khon Kaen, Northeast Thailand.
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Northeast Thailand faces widespread soil and groundwater salinity issues, which adversely affect agricultural productivity, water quality, and ecosystem health. Moreover, increasing urbanization, industrialization, and agricultural expansion have heightened the demand for groundwater resources and amplified the risk of extensive groundwater and soil salinity problems in Ban Thum subdistrict, Mueang Khon Kaen district. To analyze these processes in shallow groundwater, this study employs multivariate statistical methods.
Groundwater samples collected from various locations within the subdistrict were analyzed for key hydrogeochemical parameters, including total dissolved solids, major cations, major anions, and some heavy metal ions. Hierarchical cluster analysis (HCA), Principal component analysis (PCA), and graphical methods were then applied to identify the dominant factors influencing groundwater chemistry and to classify water samples based on their chemical similarities.
The HCA classified the hydrogeochemical data into three main clusters. The first cluster represents less mineralized groundwater, potentially originating from areas with limited geochemical interaction or rapid recharge. The second cluster, characterized by medium ion concentrations, likely originates from regions with moderate mineral dissolution. The third cluster displays high concentrations of various ions, indicating saline groundwater. Furthermore, the PCA reduced the dimensionality of the data into two principal components: one representing high salinity with elevated Na+ and Cl- concentrations, and the other representing fresh water.
Additionally, the application of hydrochemical diagrams, such as the Piper trilinear diagram and Gibbs diagram, provided valuable insights into the hydrogeochemical facies and processes impacting the groundwater in this area. Notably, the predominance of 40% of groundwater samples falling within the sodium-chloride facies, coupled with a trend of increasing sodium and chloride concentrations from the recharge area to the discharge area, suggests the impact of halite dissolution within the groundwater system. Moreover, the Gibbs diagram indicates that rock weathering is the primary influence on groundwater composition.
Furthermore, there is clear evidence of interactions between fresh and saline groundwater, resulting in high sodium-chloride and total dissolved solids content in the groundwater samples. Binary plot analysis of Ca2+/Na+ versus HCO3-/Na+ and Ca2+/Na+ versus Mg2+/Na+ suggests that most groundwater samples are plotted in the zone of evaporite dissolution. Likewise, the chloro-alkaline indices and binary plot analysis of Ca2+ + Mg2+ versus Na+ indicate ion exchange and dissolution processes between the groundwater and aquifer materials.
In conclusion, this study offers a comprehensive understanding of the chemical properties of groundwater in the example salinity area in Northeast Thailand. Moreover, it provides a basis for resolving salinity problems, identifying the extent of salinity sources, enhancing groundwater utilization, and designing protective measures, all of which will contribute to ensuring the long-term sustainability of this essential resource.

Keywords: Groundwater Salinity; Multivariate Statistical Analysis; Khon Kaen
