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Abstract: This review summarizes the extracellular electron transfer mechanisms in anaerobic ammonium oxidation (anammox)
systems and strategies for their enhancement, categorizing the influence mechanisms of carbon-based materials on anammox bacteria
into three aspects: conductivity of carbon-based materials, functional groups on their surfaces, and interactions between microbial
communities and extracellular polymeric substances. Studies have demonstrated that biochar, activated carbon, carbon nanomaterials,
and iron-carbon composites can regulate the anammox process by mediating extracellular electron transfer. Carbon-based materials
primarily enhance anammox performance through shortening reactor start-up periods, improving nitrogen removal efficiency, and
alleviating pollutant inhibition effects. These materials not only effectively enrich microorganisms but also promote the stability
enhancement of granular sludge, demonstrating significant application potential in anammox systems. Future research should focus
on material modification to further improve the sustainability of carbon-based materials in practical applications.
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Table 1 Characteristics and effects of carbon—based materials in biological treatment processes
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