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Progress in study of humic substances: electrochemical redox characterization
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Abgimat  Humic substances (HS) are ubiquitous heterogeneous mixtures of natural organic macromolecules in the
environment. They are rich in quinone moieties that provide redox activity, which is recognized as the main electrochemical
active substances in the soil and plays an important role in extracellular electron transfer driven by environmental
microorganisms. In this paper, we reviewed the redox activity of HS, and summarized the methods to characterize the electron
transfer capacity of HS. We also described the advantages and disadvantages of these different measuring methods. Meanwhile,
we described the process of extracellular electron transfer mediated by HS. In such a process, HS can function as electron
acceptors in the microbial oxidation of small organic matters, which is coupled by the energy production for cell growth. This
process is called humus respiration. The reduced HS produced in the humus respiration can further reduce many environmental
pollutants including heavy metals and organic pollutants and dyes. In addition, HS can even mediate the electron transfer
between microbial cells and solid electrodes, promoting biocurrent generation in microbial electrochemical systems. Due to the
complex mechanism of the extracellular electron transfer mediated by HS, the advanced optics and proteomics techniques will
be applied to further probe the interaction between microbial cells and HS in near future. On the other hand, HS modified with
electroactive moieties is expected to enhance their electron transfer capacity, which will promote the practical application of
HS to environmental remediation.
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Fig. 2 Schematic of mediated electrochemical reduction at E, = -0.49 V
and oxidation at E, = 0.61 V using DQ and ABTS, respectively 12,
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