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3. (a) Absorption is the process in which one substance permeates into another. Adsorption is
the process in which a substance accumulates on the surface of another forming a thin film. In
many cases, hoth adsorption and absorption can be very difficult to distinguish as separate
processes. In general, the more hydrophobic an organic compound is, the more likely it will
adsorb onto the soil. [10%]

(b) There are a range of sorption mechanisms:
(i} adsorption of an ion via formation of outer-sphere complex;

(iiy loss of hydration water & formation of inner-sphere complex;

(iii) lattice diffusion & isomorphic substitution within mineral lattice;

(iv) rapid lateral diffusion and formation either of a surface polymer, or
(v) adsorption on an edge (which maximises the number of bonds to the atom);

(vi) upon particle growth, surface polymers end up embedded in the lattice structure;

(vii) adsorbed ion can diffuse back in solution, either as a result of dynamic equilibrium or as a

product of surface redox reactions.

(c)
Sample Initial C Final C Change in C | Sorbed {mg) | q (mg/g)
(mgl) (mgh) (mgfl)
1 20 0.15 19.85 9.925 0.0397
2 50 0.40 49.60 24.8 0.0992
3 100 0.78 99.22 49.61 0.1984
4 200 1.58 198.42 99.21 0.3968
5 500 3.96 496.04 248.02 0.9921
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Ka is the gradient of the linear portion of the curve and is therefore approximately 0.25 L/g. [40%)]

(d) The CEC is the ability of a clay to adsorb exchangeable ions on its surface and is a function of
the mineral structure and the size of the particles. It is calculated as the weight of a cation held on
the surface of 100g dry weight of the mineral, usually conveniently defined in milliequivalent (meq)
per 100g dry soil.

Kaolin has very little isomorphous substitution in its crystal lattice, limiting the magnitude of its
effective surface charge. In addition, it 1:1 mineral structure and the strength of the hydrogen bond
between the layers prevents hydration between the layers and allows the build up of many layers,
hence has the largest size. As a result of those structural properties, kaolin has the lowest CEC of
5-15 meq/100g.

Montmorillonite has a 2:1 mineral structure and as a result has a weak bond between the layers. In
addition there is also isomorphous substitution with 1/6" of the Al ions in the octahedral sheets
replaced with Mg ions. This results in a charge efficiency. Water molecules also enter between the
montmorillonite sheets hence exhibiting strong swelling characteristics. The weak bonds lead to
small particle size and the net change leads to a high CEC of 100-500 meqg/100g clay.

llite is in between the two other clays. It has a 2:1 mineral structure where K has the right size to fit
into the holes in the silica sheets. The lattice is hence less susceptible to breakage compared to
Montmorillonite. Hence it size is intermediate and so is its CEC of around 20-23 meq/100g. [30%]
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4. (a) The dominance of the respective dispersion mechanisms can be demonstrated by plotting
the longitudinal hydrodynamic dispersion coefficient divided by the coefficient of aqueous diffusion
against the Peclet Number for diffusion Pe. Pe = vf d/Dd, where d is either the average particle
size or the average size of the heterogeneities. Pe is a dimensionless parameter which indicates
the relative magnitude of advective processes over diffusive processes. [25%)]
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On log-log axes this plot indicates that:

Pe <1 Dlis independent of vf and diffusion is the dominant dispersive mechanism, so DI ~ Dd*

Pe > 10 slope is approximately equal to one, diffusion is negligible in comparison with mechanical
dispersion, so Di ~ o vf.

1 < Pe <10 both diffusion and mechanical dispersion play a role in the contaminant transport.

(b) The solution of the advection dispersion equation for diffusion only is given by:

< _ erfe| e
Co 4D, *t

Here, Co is 75 mg/L, Da* = 5.5x10°'° m?s. The Dq* term is to be divided by Ra below:
R, = (1 + &de
n

Here, p» = 1900 kg/m?, n = 0.45 and Kq = 0.25 L/g. Ry therefore equals 1056.

Therefore after 200 years (6.31x10° seconds}):

C/Co =erfc (8.72 * z) = 0.001

This gives 8.72 * z equal to 2.325 so z (the thickness of the barrier) = 0.267 m (minim;r?).
[40%

(c) (i) the thickness of the wall would need to become thicker since dispersive flow is faster.
(i) With no sorpticn, the barrier wall will need to become thicker, since sorption retards the
contaminant transport process.
(iii) If multiple heavy metals are present, then they will have different diffusion profiles and
hence the fastest moving ion will be considered in the calculations using its D*. [15%]

{d) Apart from constructing a barrier, a Cd contaminated soil and groundwater can be remediated
using one of the following: Pump & treat: pump contaminated water and treat, can only be done in-
situ and for the groundwater treatment. stabilisation/solidification: mixing with cementitious binders,
can apply to both soil and groundwater, can be applied both in-situ and ex-situ, and this will
depend on the volume of the contaminated material. The fact that the groundwater is contaminated
likely to be that in situ treatment would be best and precipitation: as hydroxide using lime, lime
would be added to the soil. Likewise both in situ and ex-situ are options, could be applied via a
permeable reactive barrier. [20%]

— Q-



