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Current status and prospects of research on groundwater contamination risk assessments
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Abstract: [Background] Rapid global socio-economic development has intensified the resource crisis and contamination of
groundwater, rendering groundwater contamination risk assessments critical to contamination prevention, control, and reme-
diation. [Progress] Through a systematic summary of domestic and international studies, this study reviews the development
of theories on groundwater contamination risk assessments and the formation of the theoretical system. Based on the
source-pathway-receptor assessment system, this study presents a summary of the research methods for the assessments of
contamination source load risks, groundwater vulnerability, and contamination hazards. Groundwater contamination risk as-
sessments have evolved from unidimensional qualitative assessments to quantitative process models highlighting contamina-
tion mechanisms and consequences. To enhance the reliability of these models, modern technologies such as hydrogeophysics,
geological stochastic methods, and machine learning have been incorporated. Primary issues in current research include the
inadequate analysis of the superposition effects of contamination sources, undefined dynamic transport mechanisms of com-
pound contaminants in complex aquifer systems, incomplete assessments of receptor risks, and high model uncertainty. Ex-
ploring the transport mechanisms and processes of various contaminants in changeable geologic environments has become a
critical scientific issue to be addressed urgently. [Prospects] Given the multi-source contamination, complex geologic condi-
tions, and semi-artificial ecosystems in mining areas, conducting fine-scale process assessments of groundwater contamina-
tion risks in the areas serves as an essential foundation for ecosystem management and restoration of mines. Future research
should focus on the full-cycle hydrogeologic monitoring of contamination through the fusion of multi-source data, the dy-
namic transport and risk responses of contaminants in complex aquifer systems under natural and anthropogenic influences,
and interdisciplinary risk assessment and decision-making. This study will assist in enhancing the identification and prediction
accuracy of groundwater contamination risks, achieving scientific groundwater management, and ensuring the safe and sus-
tainable utilization of water resources.

Key words: groundwater contamination risk assessment; source-pathway-receptor; contamination source load risk; ground-
water vulnerability; functional value of groundwater; anomalous contaminant transport; groundwater contamination risk in
mines
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Concept evolution of groundwater contamination risks
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Fig.1 Source-pathway-receptor model of groundwater contamination risks
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Fig.2 Groundwater contamination risk assessment based on the source-pathway-receptor framework (modified after references
[32,34-35,38])
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Table 4 Process simulation methods for groundwater vulnerability assessment
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iy 7K 325 G2 1) PR AR 101, 9 58 AR AE A
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