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Abstract

Lakes, as critical freshwater reservoirs, face severe challenges in eutrophication control due to the
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dual “source-sink” characteristics of sediment endogenous nutrient release. Sediments accumulate
nutrients through adsorption-sedimentation processes, acting as a “sink” for pollutants, yet they
transform into persistent “sources” exacerbating eutrophication under environmental disturb-
ances. Current research methodologies for sediment release are categorized into two systems: the-
oretical models (mass balance, molecular diffusion, and reactive transport models) and experi-
mental simulations (core incubation, benthic chambers, hydrodynamic flume experiments). Theo-
retical approaches excel in large-scale predictions but are constrained by parameter sensitivity,
while experimental methods offer high ecological fidelity yet struggle to replicate dynamic disturb-
ances. Molecular diffusion models may yield flux deviations exceeding 25% due to errors in bound-
ary layer thickness (Z), and core incubation methods are limited by static simulations and wall ef-
fects. Emerging technologies like digital twin systems, integrating remote sensing and sensor data,
have shortened the prediction cycle for endogenous nutrient loads to a weekly scale (e.g., the
Hongfeng Lake case), demonstrating the potential of multi-source data fusion. Future research must
address three key bottlenecks: establishing standardized parameters for boundary layer thickness,
developing machine learning-optimized diffusion models, advancing high-resolution in-situ moni-
toring technologies (e.g., fiber-optic arrays coupled with acoustic Doppler profilers), and construct-
ing big data platforms for sediment flux analysis to assess cumulative climate change impacts on
endogenous loads. Cross-disciplinary integration of theory, technology, and data will provide pre-
cise decision-making support for eutrophication mitigation.
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Figure 1. Nutrient transformation processes at the sediment-water interface
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Table 1. Estimation methods and comparison of internal release fluxes at the sediment-water interface
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