Interaction of radionuclides with humic substances using by fluorescence study
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The migration behavior of radionuclides in the environment directly affects the safety of geological disposal of nuclear waste and ecological restoration strategy. Humus, as a key component of natural organic matter, can significantly impact the chemical species and migration ability of radionuclides through complexation. The traditional transport model has limitations because it ignores the dynamic complexation effect of humus, and it is urgent to reveal its microscopic mechanism through highly sensitive analysis methods. Based on the frontier advantages of fluorescence spectroscopy technology (such as nanomolar detection sensitivity, dynamic process tracking and molecular fingerprint identification), this study systematically explored the interaction mechanism between U, Cs, Np and humus.
The distribution of functional groups and structural heterogeneity of humus from different environmental sources (water and soil) were analyzed by excitation emission matrix parallel factor analysis, ultraviolet visible spectroscopy and infrared spectroscopy, and the binding modes of humus with radionuclides (surface complexation, chelation effect, redox regulation, etc.) were quantitatively determined. Stern Volmer model was used to calculate the binding constant, and the microsecond binding/dissociation process was dynamically tracked. The study determined the binding mechanism (complexation, adsorption, electrostatic interaction, etc.) between radionuclides and humic components, revealed the affinity difference between different radionuclides (U, Cs, Np) and humic substances, and the effect on the solubility and mobility of radionuclides, and showed the advantages of fluorescence spectroscopy for understanding a role of natural organic ligands in radionuclides’ complexation.
