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Mathematical Model for Heavy Metal Transport with Sediment in Water and Its Applications
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Heavy metal pollution, including radionuclide contamination, has posed a major environmental
challenge to the modern world and threatens its environmental safety. However, the current
standards and traditional models have usually avoided addressing the adsorption process or
have adopted a simple adsorption isotherm to describe the adsorption process. As a result

the simulation results will wusually be inconsistent with the actual situation of
contamination. Therefore, the research on the adsorption mechanism between sediments and
heavy metal contaminants has a high theoretical and practical significance.From the
thermodynamic point of view, the adsorption of heavy metal contaminants on sediments is
essentially an inelastic collision. Therefore, in addition to the two parameters of particle
size and gradation in the field of traditional river dynamics, the sediment surface
micromorphology will have a crucial impact on the adsorption process. Thus, Based on the
mechanisms of adsorption/desorption at solid/liquid interfaces and a surface micromorphology
model of sediments, a theoretical expression of the distribution coefficient Kd is derived
and a new adsorption isotherm for irregular surface is proposed in this thesis.From the
chemical point of view, heavy metal contaminants have different chemical forms in water and
aquatic sediment surfaces have various types of surface groups. The primary adsorption
mechanisms between heavy metal contaminants and sediments involve different types of chemical
reactions. Therefore, the chemical reactions between heavy metal contaminants and ions in
water are studied in this thesis. Furthermore, the surface characteristics, such as the
density of surface hydroxyl groups are also studied. Then, the chemical adsorption mechanism

can be revealed by a revised surface complexation model, which is suitable for natural




sediments. After the heavy metal contaminants being discharged by factories into the water,
some of them will transport with water, and the other will be adsorpted on sediment particles
and transport with sediments. As a result, the mathematical model of heavy metal transport
will not only include the thermodynamic or chemical adsorption mechanism, but also should
include the process of convection-diffusion, sediment deposition/resuspension, seafloor
topography evolution, etc. Therfore, two kinds of models, that couples hydrodynamics,
sediment transport and heavy metal transport are developed respectively based on
thermodynamic and chemical adsorption theory.Finally, the model based on thermodynamic
adsorption theory is applied to simulate the 90Sr transport in the sea near the Daya Bay
Nuclear Power Plant, and the chemical adsorption theory is applied to simulate the transport
of Cu, Cd, Zn, Pb, Ni, 90Sr and 137Cs in Hangzhou Bay. Both results show that a large amount
of the heavy metal contaminants will be adsorpted by sediments after discharging into the
water. The heavy metal contaminants which were adsorpted by sediments will keep redistributed
in space, so that the concentration distribution of heavy metal contaminants will be great
affected by the process of adsorption. Therefore, it is necessary to include the function

of sediments adsorption both in theoretical researches and engineering applications.
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