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Analysis of Groundwater Nitrate Pollution Sources and Remediation Technologies
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[Abstract] Groundwater serves as a critical component of centralized drinking water supply systems, and its
contamination by nitrate poses a significant threat to public health and drinking water safety. In response to the
practical requirements of drinking water source protection, this study systematically reviews methodologies for
identifying nitrate pollution sources and the underlying principles of remediation technologies. It further
examines key challenges currently faced in achieving accurate source apportionment, adapting to complex
hydrogeological settings, preventing secondary pollution, and ensuring long—term remediation eftectiveness. To
address these challenges, the paper proposes an integrated optimization framework encompassing
multi—dimensional source apportionment, hydrogeologically adaptive treatment processes, comprehensive
prevention and control strategies throughout the remediation process, and dynamic monitoring coupled with
regulatory feedback mechanisms. The findings demonstrate that through technological integration and process
refinement, the accuracy, efficiency, and safety of nitrate contamination remediation can be substantially
improved. This approach provides robust technical support for safeguarding groundwater quality in drinking
water source areas and holds substantial significance for protecting public health and maintaining ecological
security.
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