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Abstract

Soil heavy metal contamination induced by industrial activities such as mining and smelting is char-
acterized by persistence and bioaccumulation, constituting a significant source of soil environmental
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risk. Producing remediation materials from industrial and agricultural solid wastes offers both re-
source utilization and cost advantages, aligning with the green concept of “treating waste with
waste”. This paper systematically reviews the major types and physicochemical properties of indus-
trial and agricultural solid wastes suitable for soil remediation. It provides an in-depth analysis of
the mechanisms by which solid waste materials immobilize target heavy metals through physico-
chemical adsorption, ion exchange, surface complexation, chemical precipitation, and microbially
mediated pathways. Addressing the limitations in remediation efficiency and the risk of secondary
pollution associated with the direct application of raw solid wastes, this study discusses recent ad-
vances in the deep modification of solid wastes, as well as the latest achievements in synergistic
remediation combining solid waste materials with electrokinetics, chemical leaching, phytoreme-
diation, and microbial technologies. Furthermore, it summarizes the stability and environmental
safety of using solid wastes for remediating heavy metal-contaminated soils.
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Table 1. Properties, dominant mechanisms, advantages, and risk comparison of different types of solid waste in the remediation
of heavy metal contaminated soil
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