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Abstract: The impacts of dry-rewetting and freeze-thaw cycles on DTPA-extractable Pb(Il) content and Pb speciation in soils and
material structure of weathered coal-based immobilized microbial materials were investigated through a controlled simulated
experiment. This study aimed to explore the mechanisms through which these two factors affect the effectiveness of lead-
contaminated soil remediation using selected microbes. The results showed that after 35 dry-rewetting cycles, the DTPA-extractable
Pb(Il) content in low-concentration lead-contaminated soil (LS) and high-concentration lead-contaminated soil (HS) decreased by
46.41% and 29.42%, respectively, compared to the initial levels. After 35 freeze-thaw cycles, the content in LS and HS decreased by
40.06% and 32.77%, respectively. Additionally, the residual fraction of Pb in LS increased under both dry-rewetting and freeze-thaw
treatments. Structural analysis revealed that the surface of weathered coal-became rougher, with increases in specific surface area,
oxygen-containing functional groups, and Pb adsorption sites increased after dry-wet and freeze-thaw cycles. These changes
enhanced complexation with functional groups thereby improving the stability of the passivation effect on lead contamination.

Key words: dry-rewetting cycle; freeze-thaw cycle; stability; lead-contaminated soil; weathered coal-based immobilized microbes
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Fig.1 Moisture variation during a single dry—rewetting cycle

and temperature variation during a single freeze-thaw cycle
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Fig.2 Changes in Pb(Il) content and stabilization rate of the
extractable state of DTPA in LS-DW and HS-DW soils
during dry and wet alternations
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