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Abstract

Soil heavy metal pollution remains one of the primary environmental threats to agricultural ecological security and human health.
With the advancement of industrialization, urbanization, and intensive agriculture, heavy metals such as lead, cadmium, mercury,
arsenic, and chromium have entered soil systems through smelting emissions, wastewater irrigation, mining discharges, and the
application of chemical fertilizers and pesticides. This contamination leads to ecological degradation and cumulative risks in
food chains. This study systematically examines the mechanisms and applicability of heavy metal pollution control through three
approaches: physicochemical remediation, bioremediation, and integrated remediation. Research findings indicate that while
physicochemical methods demonstrate rapid effectiveness, they carry risks of secondary pollution. Conversely, bioremediation offers
ecological benefits, lower costs, and stronger sustainability. Future efforts should focus on integrating multiple technologies and
implementing in-situ ecological restoration, while establishing intelligent monitoring and evaluation systems to achieve coordinated
pollution control and ecological recovery.
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