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Abstract [ Objective] To investigate the microbial-chemical coupled mechanisms of concrete during the early-stage corrosion
process in sewer systems, the corrosion activities under different exposure conditions is analyzed in this paper, providing theoretical
support for durability design and maintenance of newly constructed drainage pipelines. [ Methods] A corrosion chamber simulating a
wastewater environment was constructed, in which concrete coupons were exposed to gaseous-phase ( GP) and partial wastewater
submergence (PS) conditions for 48 d. Surface pH values, sulfate concentration, mass variation, and adenosine triphosphate ( ATP)
activity were continuously monitored. Linear fitting, correlation analysis, and contribution analysis were applied to elucidate the
dynamic evolution and underlying mechanisms of early-stage corrosion. [ Results] A net mass increase of concrete was observed
during the early corrosion stage, resulting from the combined effects of microbial growth, corrosion product deposition, and material

migration. Sulfate formation contributed 11% —23% to the mass increase and showed a significant correlation with microbial activity
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[ GP: Pearson correlation coefficient (r)=0.96; PS; r=0.83]. Under PS conditions, the corrosion process was markedly intensified

particularly on the lateral surfaces below the waterline. [ Conclusion ]

Early-stage corrosion is a process characterized by the profound

synergy between microbial colonization and chemical product deposition. The multi-parameter evaluation framework established in this

paper helps reveal the dynamic evolution of the corrosion front, providing a critical theoretical foundation for early warning and proactive

control of newly built sewers. This paper holds significant engineering value in facilitating the operational transition of sewers from

passive maintenance to precise prevention.

Keywords concrete corrosion; microbial-chemical synergy; multi-parameter analysis; sewer pipeline; early-stage corrosion
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