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Abstract: Industrial solid waste can continuously release contaminants during utilization and disposal, thereby posing potential
environmental risks. Most existing studies assess such risks using simplified approaches based on worst-case assumptions, which often fail
to objectively represent actual risk levels under variable environmental conditions and may hinder sound decision-making. To address this
limitation, this study proposes a theoretical framework and analytical pathway for environmental risk assessment throughout the utilization
and disposal of industrial solid waste, based on a systematic review of domestic and international research. The core of the framework is
the dynamic characterization of pollution source strength and the subsequent migration and transformation of contaminants. The results
indicate that characterization of pollution source strength should begin with the identification of key factors controlling contaminant
release. Then, appropriate experimental methods or modelling tools should be applied to elucidate multiple-factor-driven mechanisms,
followed by Monte Carlo analysis to derive dynamic probability distributions of contaminant concentrations. For contaminant migration

and transformation in environmental media, model selection should be adapted to site-specific hydrogeological conditions and combined
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with uncertainty analysis to estimate concentration distributions of contaminants at the receptor (assessment endpoints). A phosphogypsum

stockpile in Yunnan Province was selected as a case study. The simplified assessment predicted total phosphorus and fluoride

concentrations of 0.085 and 0.074 mg/L, respectively, in the receptor well, suggesting acceptable environmental risk. In contrast, the

dynamic assessment approach predicted 95% confidence intervals of 0.73-2.77 mg/L for total phosphorus and 0.49-0.96 mg/L for fluoride

at 100 days, which encompassed the observed concentrations (1.38 and 0.70 mg/L, respectively). This study establishes a dynamic,

distribution-based environmental risk assessment framework tailored to typical industrial solid waste utilization and disposal scenarios. By

capturing the long-term release, migration, and transformation of contaminants under complex environmental conditions, the proposed

framework provides a robust scientific basis for risk prediction and dynamic environmental management.

Keywords: industrial solid waste; environmental risk assessment; pollution source strength; migration and transformation; dynamic

distribution
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Fig.1 Schematic of contaminant release and migration in typical industrial solid waste disposal and utilization scenarios
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Fig.2 Framework of environmental risk assessment for

industrial solid waste
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Table 2 Comparative analysis of standard testing methods and modeling tools
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stockpile and groundwater monitoring wells
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