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Abstract

With the acceleration of industrialization and urbanization, soil heavy metal pollution has been worsening, posing serious threats to
ecosystems and human health. Traditional physical and chemical remediation methods struggle to effectively address these challenges
due to their high costs, significant ecological impacts, and poor sustainability. In this context, phytoremediation technology—
characterized by its green, low-consumption, and efficient nature—has emerged as a research hotspot. This paper systematically
reviews major remediation approaches including plant extraction, stabilization, volatilization, and rhizosphere regulation, analyzing
their applicable scenarios and technical key points. By comparing the heavy metal accumulation characteristics of different
plants, strategies are proposed to enhance remediation effectiveness through soil conditioner application, genetically engineered
super-enriched plants, optimized plant combinations, and microbial synergy. Case studies demonstrate that rational optimization
of remediation systems and site-specific technological configurations can significantly improve the efficiency and stability of
phytoremediation.
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