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Editorial on the Research Topic 
Environmental Biogeochemical Behaviors of Humic Substances and their Effects in the Hydrosphere


Knowledge of humic substances has been extended and updated since the first extraction of any such substance by Franz Karl Achard in 1786. However, what we know is still limited and there is a lack of universality in this domain (Steinberg, 2003). The development of state-of-the-art technology, including both analytical instruments and computing algorithms, has opened further doors in research on humic substances (Monda et al., 2021). As one of the major sets of carriers of organic carbon in the hydrosphere, humic substances link abiotic and biotic processes in aquatic ecosystems and play a critical role in global carbon cycling (Hedges and Oades, 1997). Humic substances are operationally defined and are believed to be supramolecular associations of relatively small molecules (Piccolo, 2002). Humic substances have complex chemical compositions (e.g., fulvic acids, humic acid, humin, and peptides) and functional groups (e.g., carboxyls, phenols, and hydroxyls). As a result, they present a diverse range of environmental biogeochemical behaviors and exert a range of effects, including in their interactions with other matter (e.g., nutrients, xenobiotics, pheromones, and electron acceptors/donors), facilitation of the release of toxics from underground minerals, acidification of water, attenuation of solar radiation, control of food webs, and even regulation of global matter cycling (Steinberg, 2003; Pérez and Sommaruga, 2006).
The aim of this Research Topic (RT) is to bring together a series of high-quality articles that outline recent advances in the field’s understanding of the environmental biogeochemical behaviors and effects of humic substances in the hydrosphere. The studies presented adopt approaches including field investigations, laboratory experiments, and model simulations that reveal the physio–chemical characteristics, interaction mechanisms, and environmental–biogeochemical roles and impact of humic substances. The RT can substantially improve the field’s current understanding of the functions of humic substances, in ways that are relevant to a number of objectives, including the protection of dystrophic aquatic ecosystems, remediation of contaminated environments, and support of carbon-neutral technology.
This RT is intended to provide cutting-edge knowledge relating to humic substances in the hydrosphere, with the inclusion of articles on the following issues:
• The chemical composition, structure, and paleo- and contemporary environmental implications of humic substances in surface water, groundwater, and atmospheric water.
• Adsorption/desorption, aggregation/dissolution, photochemical reactions, binding behaviors, organic–mineral interaction, and diagenetic transformations of humic substances in various bodies of water.
• Acidification, the attenuation of solar radiation, climatic and hydrologic control, ecological regulation, and the geochemical determinants of humic substances in various bodies of water.
• The ecological roles and effects of humic substances and their internal and external influencing factors in aquatic ecosystems (e.g., humic lakes and other dystrophic ecosystems).
• The roles of humic substances in carbon budgets, carbon cycling, and carbon sequestration.
The five articles presented in this Research Topic consist of four original research articles and one systematic review. Owing to the presumably bio-refractory nature of humic substances, tracing the optical surrogates of humic substances alone is a method that can provide a wealth of information on the environmental fate of dissolved organic matter (DOM) and its dynamics in particular environments. Wang et al. showed that humic-like substances dominated fluorescent DOM pools in both the groundwater and river water in a coastal ecosystem. After estimating the organic matter fluxes, they highlight the important role of terrestrially derived allochthonous DOM sources by tracing optical surrogates (e.g., humic-like fluorescence) in coastal carbon and nutrient budgets. The allochthonous DOM fluxes of fresh groundwater discharge in western Guangdong were found to be of the same order of magnitude as that of river runoff.
With the development of ultrahigh-resolution mass spectrometry, it has become increasingly possible to establish the molecular response of humic substances to hydrological conditions. Wang et al. investigated the mechanisms underlying the distribution variaton in terrestrially derived and recalcitrant DOM dominated by humic-like substances in four tributaries of the Three Gorges Reservoir (TGR), the world’s largest hydropower station, using optical techniques and ultrahigh-resolution mass spectrometry. The differences in the contents of humic-like substances between the front area (i.e., the area close to the dam) and other areas can be explained by the complex hydrological conditions induced by the dam. Additionally, the refractory nature of humic-like substances decreases the potential discharge of carbon dioxide; therefore, humic-like substances could play a crucial role in the sequestration of carbon in the hydrosphere. In another study conducted in the riparian zone of the TGR, Chen et al. quantified the effect of a flooding period on the decomposition and nutrient dynamics of leaves from artificially regenerated Taxodium ascenden. They found that the regulation of decomposition by hydrological process exerts control over the characteristics of organic matter in the riparian zone. Although this study did not focus entirely on the composition of organic matter, it still provides a valuable method of tackling these questions in relation to fresh organic matter or precursors of humic substances.
The adsorption, binding, and coprecipitating roles of humic substances in interaction with minerals can exert crucial environmental and ecological effects. Dai et al. demonstrated that the inhibition of coprecipitation with phosphate by algae-dominated water-soluble organic matter is stronger than in the case of macrophyte-dominated water-soluble organic matter, which is the precursor of humic substances, in a ternary coprecipitation system. Therefore, in the macrophyte-dominated zones of lakes or humic lakes, phosphorus might be deposited into the sediment through coprecipitation with iron and humic substances. Additionally, the fact that humic substances are reported to exhibit relatively higher coprecipitation with iron is reflected in the essential loss of carbon from reactive carbon pools. Yi et al. summarize the influencing factors in interactions between humic substances and goethite, and the subsequent environmental consequences. They point out that the resultant DOM–mineral complexes can affect the migration and transformation of heavy metals and emerging antibiotics. These complexes, as carriers of carbon and iron, also constitute critical components of the carbon and iron cycles, which are associated with climate change.
Although many researchers have explored the incidence, characteristics, and environmental fates of humic substances in the hydrosphere, many issues remain poorly understood, particularly regarding their roles in global and local carbon cycles and the secondary effects of their associations with other elements. To address these unresolved issues, we encourage further research using advanced techniques to decipher the complex structures of humic substances and to trace their alternative routes. We hope the papers presented in this RT will promote dialogue, foster the exchange of ideas, and generate discussion with readers in the relevant field.
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