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Abstract

Soil microbial fuel cells (SMFC) represent an in-situ, low-energy green remediation technology with
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significant application potential in addressing soil organic contamination. However, the high inter-
nal resistance of soil matrices and the poor contact between microorganisms and anodes severely
limit extracellular electron transfer (EET) efficiency, constituting a core bottleneck for SMFC engi-
neering applications. Electron shuttles (ESs), as reversible redox mediators, effectively overcome
steric hindrance by establishing efficient electron transfer pathways between microorganisms and
electrodes. This paper systematically reviews the multidimensional mechanisms of electron shut-
tles in SMFCs, including reducing interfacial activation energy and promoting pollutant solubiliza-
tion. It focuses on analyzing the physicochemical properties of several common shuttle types and
their application efficacy in organic pollutant remediation. Finally, the article outlines prospects for
developing low-cost, environmentally friendly shuttles and immobilization techniques, aiming to
provide theoretical foundations for enhancing the efficiency of soil bioelectrochemical remediation.
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Table 1. Comprehensive comparison of characteristics of different types of electron shuttles
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