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Abstract

Soil heavy metal pollution has become a critical issue restricting ecological security and sustainable agricultural development.
As a green,low-cost, and sustainable remediation approach, microbial remediation technology demonstrates unique advantages in
the treatment of heavy metal contamination. Through mechanisms such as microbial adsorption, transformation, reduction, and
precipitation, it effectively reduces the bioavailability of heavy metals, achieving harmless and ecological restoration of contaminated
soils. Studies indicate that different microbial species exhibit diverse functions in the removal of heavy metals such as lead, cadmium,
chromium, and copper, and their tolerance mechanisms and metabolic regulation pathways are key factors influencing remediation
efficiency. Current engineering applications of microbial remediation encompass both in-situ and ex-situ modes and have formed
synergistic systems with phytoremediation technologies. This paper focuses on the mechanisms of microbial remediation of soil
heavy metal pollution and its engineering applications, providing theoretical support and practical reference for the promotion of
green soil management technologies.
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