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MATHEMATICAL MODEL OF TRANSPORT AND
TRANSFORM OF METALS FOR RIVER SYSTEMS

Preface

Since the industrial revolution, the increase amount of waste
materials discharged into aquatic environment caused many serious
environmental problems and social problems. A growing population
further aggravates the situation. This often resulted in transforming
lakes, rivers. and coastal waters into sewage deposits where the nat-
ural ecological balance is severely disturbed and in some cases totally
disrupted. In order to control and treat aquatic pollution. we need to
develope mathematical model of heavy metal transport which pre-
dicts heavy metal concentration distribution in sediment-laden river
water. To set up a complete mathematical model of heavy metal
transport in sediment-laden river is a complex problem with a multi-
disciplinary approach. Knowledge such as adsorption of heavy metal
ions onto sediment, suspended particl transport in river water. tur-
bulence flow and ecology condition are all required inputs.

For water quality model about normal pollutants in river with-
out sediment, there are many research works. Only a few research
works about water quality model of heavy metal ions, Cd**, Cr?*,
Pb** and Hg®* transport in sediment-laden river water can be
found. We know that river sediment can adsorb heavy metals, and
the amount of heavy metal adsorbed is the main component of total
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heavy metal in river water. So the water quality model for heavy
metal should include adsorptions of suspended sediment and bed
load. and advection/diffusion by water flow. One problem in at-
tempting to model heavy metal transport in sediment-laden river is
the development of an adsorption-desorption function that accurate-
ly describes the rate of heavy metal transfer between the solution
and solid phase. The choice of an appropriate function is often diffi-
cult due to lack of the knowledge of adsorption-desorption processes
for specific chemicials in river sediments. So. follow problems are
mainly concerned in this book:

(1) A stochastical adsorption mathematical model of heavy met-
al onto river sediments and suspended particles has been established
by using stochastical process theory. According to this adsorptive
model we can find that relative adsorption value of heavy metal ad-
sorbed by sediments and probability density function are influenced
mainly by C. the concentration of dissolving heavy metals; K,. the
adsorption coefficient; D, dispersion coefficient. Based on the experi-
mental results, we have tested and verified the stochastical adsorp-
tion model of heavy metals on sediment. The stochastical adsorption
mathematical model can be also applied to describe the adsorption of
chemical materials on soil particles and the sorption of gas on solid
surface.

(2) Experimental study on heavy metal ions onto sediment of
Wei River, a main branch of Yellow River, and Han River in China
has been made. By introducing the concept of adsorptive capacity, it
can be used to well describe the adsorption characteristics of heavy
metal onto river sediment with high concentration. Environmental
factors such as temperature, total ion number, sediment type, heavy
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metal ions species, pH value. coexisting of different heavy metal ions
will affect the adsorption value of heavy metal ions onto Han River
sedimant and Wei River Sediment.

(3) A kinetic model of heavy metal release is developed. Based
on the kinetics of the first-order reactions and in consideration of the
effects of coagulation, adsorption, complexation, coprecipitation
etc., during the heavy metal release from sediments, a kinetic model
is developed. Under the laboratory static conditions, by making use
of the experimental results of Cd, Cu, Zn, Pb releasd from the sus-
pended sediments to testify the kinetic model, it is proved that the
kinetic model can satisfactorily describe the kinetic process of heavy
metal release. Under the experimental condition, the effect of water
turbulent intensity on heavy metal release is also discussed.

(4) A systematic experimental study on heavy metal release is
completed. According to the kinetic model. and by taking the sedi-
ments of Wei River, a main branch of Yellow River, as the studied
object, systematic experiments and analysises are carried out, which
mainly concern the effects of various factors on the processs of
heavy metal release. These factors include pH value, dissolved alka-
linity, sediment’s size fraction, concentration of particulate metal,
sediment depth and chemical bounds of heavy metals in the sedi-
ment. Through analysing the physical and chemical indexes of the
sediment such as particle size distribution and the distributions of
the metal geochemical concentrations, mineral compositions, total or-
ganic carbon as well as the dissolved alkalinity in different size frac-
tion of the sediments, the characteristics and the regularity of heavy
metal release are ascertained. Analysises on the chemical bounds'of
metals indicated that the exchangeable and the carbonate bounds of
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particulate metals are the main fraction affecting the metal release.
In addition, it is emphasized that the size fraction and dissolved alka-
linity of the sediment play important roles in the process of metal
adsorption and desorption.

(5) A kinetic model of heavy metal release from river sediments
reflceting the effect of water flow turbulence is developed. A formu-
la to calculate the capacity of water flow carrying sediment is ob-
tained by regression analysis. Based on the principle of dimensional
analysis, it is derived that the concentration of heavy metal release is
corelated with Reynold’s number, Re, which reflects the turbulent
flow intensity. In view of the dynamics of sediment transport and
the kinetics of heavy metal release, a kinetic model of heavy metal
release from river sediments reflceting the effect of water flow tur-
bulence is developed. Verifications indicate that this model can effi-
ciently describe the kinetic process of heavy metal release in different
flow turbulent conditions. Under different turbulent flow condi-
tions, a series of experiments on the process of heavy metal release
are carried out. Some indexes, such as pH value, dissolved alkalinity,
metal’s chemical bounds, as well as suspended sediment concentra-
tion, are also measured and analysed during the experiment, their ef-
fects on heavy metal release are basically the same as those gained
under the laboratory static conditions. Heavy metal concentration in
the suspended sediment increases along the flowing coures and the
kinetic process of heavy metal release correspondingly changes a lit-
tile because of the increase of fine fraction of the suspended sediment
along the flowing course.

(6) 1-D and 2-D equations have been derived and their solu-
tions are also obtained to describe heavy metal transform in rivers,
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based on heavy metal adsorption on river sediments. The oz}e—dimen—
sional equation of heavy metal transport in sediment-laden river is
obtained. An analytical solution has been derived for heavy metal
transport in sediment-laden river under general boundary and initial
condition. Equilibrium isotherm for bottom sediment adsorption and
kinetic adsorption model for suspended particles adsorption have
been incorporated. Using this analytical solution, we have predicted
the mercury ions concentration along a section of Yellow River in
Lan Zhou China. The analytical solution of heavy metal transport
two-dimensional equation has also been derived.

(1) 1-D and 2-D equations have been derived and their solu-
tions are also obtained to describe heavy metal transform in rivers
and release from river sediments. Heavy metal release from river
sediments is in close relationship with the motion state of the river
sediments. According to the characteristics of sediment’s movement
in rivers, it is considered that the increase of the Sediments concen-
tration along the river course during the sediment undersaturation
transport is of greater significance for studying heavy metal release.
A one-dimensional diffusion equation to simulate the process of
heavy metal release in rivers is derived by combining the regularity
of the river’s sediment transport with the kinetic model of heavy
metal release and by taking into account the flow turbulent diffusion
in the river. The great differences of the characteristics between the
sediment transport and the heavy metal release determine that there
is little deviation to treat the undersaturation transport as saturation
transport of the river sediments in studying heavy metal release.
Then, under the general initial and boundary conditions, analytical
solution of the diffusion equation is derived with Laplace Transform
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method. With the same method to develop the one-dimensional e-
quation, a two-dimensional diffusion equation is built. By reasonably
simplifying the model’s initial and boundary conditions, the analyti-
cal solution of the two-dimensional equation is also obtained by

means of Laplace Transform.

X. D. Zhou and T. L. Huang

in Xi’an, P.R. China
June, 1995.
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