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Abstract [ Objective] Microbial flocculants ( MBFs) have heen recognized as one of the research hotspots in the field of heavy
metal wastewater treatment due to their advantages of low cost, high efficiency, and environmental friendliness. However, their detailed
action mechanisms, influencing factors, and other related aspects have not been clarified yet. In order to explore and fill the gaps in the
aforementioned theories, this paper systematically summarizes the research achievements in related fields in recent years, with the aim
of providing a basis for the development and application of MBFs. [ Methods] The compositional characteristics and functional

differences of MBFs are systematically sorted out. Six types of action mechanisms for heavy metal removal are analyzed in depth, and
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the dominant mechanisms are identified. Combined with existing research data, key influencing factors such as pH, temperature,
dosage concentration and coexisting metal ions are analyzed. The optimal operating conditions for each factor are defined.
[ Results| Polysaccharide-based MBFs have become the most promising type of application at present due to their abundant functional
groups and excellent stability. Efficient heavy metal removal is achieved through the synergistic effect of dominant mechanisms,
including charge neutralization, adsorption bridging, complexation and chelation, and ion exchange. Environmental factors directly
affect flocculation efficiency. A weakly acidic environment and a mild temperature range (e. g. , pH value is 5-7 and temperature is 30
=50 °C) can stimulate the activity of MBFs and maintain their stability. The dosage concentration needs to match the heavy metal
content to avoid the shielding of active sites. Some metal cations can significantly enhance the bridging effect, among which divalent
cations (e.g. , Ca”) have the best coagulation-aiding effect. However, Fe® is easily inhibited in terms of flocculation efficiency due
to excessive neutralization or hydrolysis. [ Conclusion ]  This paper clarifies the main types of MBFs, the dominant flocculation
mechanisms and the optimal parameter ranges of influencing factors. It provides a basis for the accurate selection of MBFs and process
optimization in heavy metal wastewater treatment. Meanwhile, it lays a theoretical foundation for the development of lipid-based and
nucleic acid-based MBFs, the quantitative analysis of their action mechanisms and influencing factors, and the establishment of

relevant databases.
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