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Abstract Estuaries serve as critical interfaces where terrestrial materials undergo mixing, transformation,

retention, and redistribution before entering the ocean, and they also represent biogeochemical reaction zones
where dissolved organic matter (DOM) strongly interacts with heavy metals. This study systematically reviews
the sources, composition, and environmental regulation processes of DOM in estuarine waters, clucidates the

binding behaviors between DOM and heavy metals, the influencing factors, and their impacts on the
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environmental behavior of heavy metals, and summarizes the relevant characterization mehods along with their
limitations. The results indicate that the unique salinity gradients, tidal disturbances, maximum turbidity zones,
and frequent water-sediment exchanges in estuarine waters jointly regulate the composition, structure, and
reactivity of DOM. Processes such as increaing salinity, sediment resuspension, and suspended particulate matter
adsorption enhance the complexity of DOM-heavy metal binding in estuarine environments, thereby affecting the
mobility, bioavailability, and toxicity of heavy metals. Spectroscopic, chromatographic, mass spectrometric, and
binding capacity characterization techniques can provide information on DOM sources, composition, molecular
weight, molecular structure, as well as binding sites and binding capacity with heavy metals. However, due to the
complexity of DOM-heavy metal interactions in estuarine waters and the limitations of individual techniques, the
integration of multiple methods has become an important research trend in this field. Future research should
strength the quantitative characterization of the binding mechanisms between active DOM components and heavy
metals in estuarine environments, clarify the behavior and effects of heavy metals under multi-factor coupling at
key interfaces, and promote the development of this field toward dynamic prediction.
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Fig.1 Sources of DOM in estuarine water
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Fig.2 Mechanisms of interaction between DOM and heavy metals, influencing factors, and their regulation on heavy metals
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