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Abstract

Objectives: This paper studies the suitability of Red soil as landfill liners for the retention of Lead. Method: The study was
carried out for alkaline conditions, acidic conditions and for different initial concentrations of Lead. Both Batch studies
and Column studies were conducted. Findings: The Freundlich Isotherm is found to be the best fit for the data obtained
from Red soils. Breakthrough curves are plotted from column experiment. Red earth under basic condition is found to be
suitable as liner material. Novelty: The current research proposal is aimed to extract the maximum practical benefits from
locally available materials, if necessary by suitable modification.
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1. Introduction

Geoenvironment is being highly contaminated by indis-
criminate and non-engineered disposal of industrial as
well as municipal wastes'. Different sources releasing con-
taminants into the subsurface are 1. Pollutant receptors
such as hazardous waste landfills, industrial waste ponds
and lagoons. 2. Accidental leakages occurring during
transport. 3. Agricultural operations involving arbitrary
application of chemicals to the land.

Heavy metals mostly found at contaminant sites are
lead (Pb), cadmium (Cd), Copper (Cu), zinc (Zn), nickel
(Ni) and chromium (Cr)?. Lead is one of the mostly found
contaminant. Sources of lead are E-waste, leaded gasoline,
lead mining, ceramic glazes, smelting, coal combustion,
lead based paint, and batteries and cosmetics which con-
tains lead. The presence of lead in high amount can be
toxic to human being®.

To prevent degradation of the ground water quality
and the surrounding geoenvironment, researchers have
employed different waste disposal methodologies such as
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solidification and immobilization, incineration, land fill-
ing, etc., for efficient disposal of these wastes®.

However, landfill disposal is considered to be safe and
economic method when compared to the rest. As land-
fill leachate migrates downward, various contaminants
interact with soil components resulting in processes such
as physisorption, chemisorptions, precipitation or com-
plexation. Engineered waste landfills with liner systems
consisting of low permeable materials (less than 107 cm/s)
need to be used to avoid uncontrolled release and migra-
tion of hazardous contaminants into the environment®.
Among the various available natural liner materials, com-
pacted clay liners are popularly used because of their low
cost with reasonable low hydraulic conductivity, high
sorption capacity and resistance to damage and punc-
ture. Further, the high specific surface area of the clayey
geo-materials permits strong physical and chemical inter-
actions with the chemical contaminants present in the
leachate, which result in retention of these contaminants
by electrostatic repulsion, sorption or specific cation
exchange reactions®®.
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Contaminant transport through compacted soil liner
is controlled by a variety of physical (diffusion, advec-
tion and dispersion), chemical (dissolution/precipitation,
complexation, hydrolysis/substitution, sorption, and oxi-
dation) and biological (decay) processes’.

Attenuation of leachate occurs due to adsorption,
biological intake, cation and anion exchange and precipi-
tation. The retardation factor for any particular chemical
species depends upon factor such as temperature, pH,
redox potential, salinity, organic content, and concentra-
tions of other chemical species along with solid surfaces
of the porous media.

In? in his study observed that heavy metal uptake by
clay suspensions involving kaolinite, illite, and mont-
morillonite increases with pH. There is a tremendous
increase in the amount of the metals retained when the
soil solution pH rises to value required for precipitation
or formation of metal hydroxy species. These increase
correspond to the cation exchange capacity values of the
clay. Further, it is also noticed that, the range of pH values
over which the optimum retention is observed becomes
narrow with the increase in heavy metal concentration in
the solution’. Attenuation of various heavy metals by the
geo-materials is quite dependent on pH, since majority of
the heavy metals may exhibit the precipitate mechanism
by forming compounds such as hydroxides, sulphates,
and chlorates species'. It has been reported that the buf-
fer capacity of the geomaterial is significantly influenced
by the cation exchange capacity, the presence of carbonate
content in it and initial concentration of the heavy metal
solution, which in turn affects the sorption capacity of the
geomaterial®’.

This paper describes about the suitability of locally
available Red Earth as liner material for minimizing the
contaminant migration of lead metal.

2. Methodology

In order to predict the transport and the fate of various
pollutant species, the transport parameters involved in
the governing set of equations that describe the transport
processes need to be accurately defined. The laboratory
column experiments and batch studies which can be used
to estimate the transport parameters of chemical spe-
cies migrating through waste containment barrier are
discussed. Due to the difficulty in collecting the leachate
sample from field, synthetic leachate (model contami-
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nant) is prepared from heavy metal lead (Pb**) in the
nitrate form.

The locally available fine-grained soil studied in this
investigation is Red Earth (RE) which is normally avail-
able in most parts of India. The soil was collected by open
excavation, from a depth of 1 meter from natural ground
level in and around Warangal. The soil used in the study is
having Maximum density of 1.79 kN/m?, OMC of 17.1%
and with clay content of 29%

Batch sorption experiments were conducted at solid
ratio (L/S) of 200 at two different pH conditions namely
acidic (pH =5) and alkaline (pH =10). A temperature
of about 30°C was maintained constant throughout the
experiment. According to'?, it is very difficult to per-
form batch sorption experiments for L/S values less than
4, as the resulting paste hinders separation of the solid
particles from the mixture of contaminant solution and
geo-materials. Tests are conducted for various initial
concentrations such as 50 ppm, 100 ppm, 150 ppm and
200 ppm in 250 mL conical flasks for both pH ranges i.e.,
acidic and alkaline conditions. The conical flasks were
gently shaken by mounting them on a mechanical shaker.
The speed of the shaker was adjusted to around 120 rpm
and shaking was carried out for a specified interaction
time of 8 hours. The samples were then filtered using
Whatman filter paper of grade 42. The filtrate i.e., clear
solution was analyzed for various heavy metals using ion
analyzer (ISE HI4522). To demonstrate the influence of
pH (over acidic and alkaline ranges) on sorption charac-
teristics initial concentrations, pH of the lead solution is
adjusted to both acidic and alkaline range. The pH of the
initial lead solution is almost 5 and in order to make the
solution alkaline, 4N NaOH solution was added drop by
drop until pH increased to around 10. The results of batch
sorption experiments are modeled using the various the-
oretical sorption isotherms such as Linear, Langmuir and
Freundlich isotherms available".

Experimental set up for column test consists of the
following three major components namely: Influent
Reservoir, Column assembly, and Effluent collector. The
synthetic solution of lead should be placed in this influ-
ent reservoir and is stirred at frequent intervals so as to
maintain constant initial concentration. The reservoir
was maintained at 1200 cm head. Column test setups are
made of Plexiglas cylinder of 15 cm long, 6.3 cm inner
diameter and 1.2 cm thick wall. The Plexiglas cylinder
will be attached to the base plate. To facilitate the drain-
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age at top and bottom of the specimen, two porous stones
along with filter papers were placed at both ends of the
sample. The void ratio of the sample was maintained con-
stant throughout the experiment by keeping the height of
the sample same with the help of small loading arm and
tie rod arrangement. This facility minimizes the change of
void ratio of the compacted soil sample due to the swell-
ing during the permeation of the liquids through it.

Soil samples are sieved through 425 p and dried for 24
h. To reduce the time for the sample to permeate through
the soil, samples were compacted to less than their maxi-
mum dry density (yd). Studies were carried out at density
of 0.9 yd. Measured quantity of RE is taken for 5 cm col-
umn height and mixed with sufficient amount of water
to achieve required densities. Initially, the soil column
is saturated with distilled water to one or two pore vol-
umes under constant hydraulic gradient. Once the steady
state flow condition is achieved, distilled water is replaced
with model contaminant. The test will be terminated
once effluent concentration reaches influent concentra-
tion (C = C ). The effluent coming out of the compacted
geomaterial is collected at the bottom of the column and
withdrawn regularly into a plastic container. The concen-
tration of the effluent samples can be determined using
ion analyzer ISE HI4522. The data from column experi-
ment are plotted in the form of breakthrough curves, of
relative concentration (C/C ) versus time.

3. Result and Discussions

3.1 Batch experiments

3.1.1 Effect of Initial Concentration

In order to evaluate the effect of initial concentration of
lead (Pb?**) present in the solution on sorption character-
istics of the red earth, batch sorption experiments were
carried out with different initial metal ion concentra-
tion. The obtained results are graphically represented in
the form of variation of adsorbed concentration of the
geomaterial and variation of percentage removal of lead
metal with initial concentration for L/S ratio of 200 and
depicted in Figure 1.

Red earth being a soil with low specific surface area
and low cation exchange capacity has limited number of
sorption sites. In acidic condition, there is considerable
decrease in percentage removal rate, which indicates
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Figure 1. The effect of initial concentration on adsorption
capacity and percentage removal of lead by L/S-200. (a) For
acidic condition. (b) Basic condition.

that there is no improvement in the sorption sites and
the available sites become saturated above a certain con-
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centration. However for red earth in basic condition, it is
observed that percentage removal rate is almost constant
with increase in concentrations compared to acidic con-
dition. This may be due to formation of new minerals in
basic condition that results in activation of sorption sites.

In view of the above facts it can be concluded that,
geo-materials like red earth can work more effectively
under basic condition.

3.1.2 Effect of pH

To demonstrate the influence of pH on sorption
behaviour of lead metal, the variation in adsorption
capacity of lead sorbed by the red earth with four different
initial concentrations (50,100, 150 and 200 ppm) for L/S-
200 were obtained for both acidic and basic cycles and
presented in Figure 2.

A
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BAcidic] 8488 | 12.488 14.6672 | 15.136
BBasic | 9128 | 18.024 1 27.0992 | 36.2704

Figure 2. Effect of sorbent on sorption behaviour of lead for
acidic and basic condition with L/S 200.

Although RE has lower specific surface area and
lesser CEC (~10meq/mg), it can be seen from Figure 2
that RE has significantly good adsorption capacity under
basic pH conditions. It is conceivable that at low solution
pH values, more number of protons (H*) are available in
the solution and competes with the positively charged
heavy metal ions to get sorbed onto the available sorption
sites on the geomaterial. Further, as the pH increases, the
balance between protons, H*, and hydroxide ions, OH,
is significant and only positively charged heavy metal
ions get sorbed on the geomaterial'*'*, which results in
increase in sorption capacity of the geomaterial.

3.1.3 Isotherms

The amount of contaminant sorbed by the geomaterial
(q,) and the equilibrium concentration of the solute (C)
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are used as model parameters to develop the isotherms.
The various isotherms obtained for both acidic and basic
conditions are depicted in Figure 3 and Figure 4.
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Figure 3. Sorption isotherms for Red earth under acidic
condition for heavy metal lead. (a) Linear. (b) Langmuir. (c)
Freundlich.
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Figure 4. Sorption isotherms for Red earth under basic
condition for heavy metal lead. (a) Linear. (b) Langmuir. (c)
Freundlich.

The sorption parameters such as K, K, n, K| and b

along with regression coefficient, R? for different iso-
therms are obtained and presented in Table 1.
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Table 1. Sorption characteristics of various geo-
materials for heavy metal lead

Material RE (Acidic) | RE (Basic)
Linear K,(mg/g) 0.054 1.896
Freundlich | K (mg/g) 5.57 222
N 4.65 4.65
Langmuir | b(l/g)(*100) |4.65 5
k (mg/g) 0.119 0.004
R? Freundlich | 0.983 0.994
Langmuir 0.998 0.913
Linear 0.815 0.994

Based on the isotherm results, it can be concluded that
the Freundlich sorption isotherm is considered to be the
most suitable sorption isotherm to represent geomate-
rial contaminant interaction of the selected geo-material.
This is in agreement with the literature which says that
Freundlich sorption isotherm is considered to be the
appropriate isotherm to model the heterogeneous materi-
als which exhibits non-uniform site energy distribution
and results in multilayer sorption mechanism'.

3.2 Column experiment

Breakthrough Curves (BTC) have been plotted to under-
stand the variations in relative concentration (C/C,) with
respect to time. Results obtained from column studies
have been given Figure 5.
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Figure 5. Variation of C/CO with cumulative time for soils
under acidic and basic conditions.

In acidic condition when lead nitrate solution is
passed permeability value was measured as 6.38 x 10°®
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m/s and has been increased to 11.66 x 10®* m/s. From
the graph it can be observed that 50% of the initial con-
centration (C/C = 0.5) of lead is reached at 20.25 hours
and 100% of initial concentration (C/C; = 1) after 30.5
hours. But in basic condition permeability value was 3.5
x 10 m/s at the beginning and with passage of time it got
reduced to 1.4x10° m/s. Furthermore, it is evident from
the graph that 100% of initial concentration of the soil
under acidic condition reaches in very short time while
under basic condition the relative concentration increases
very slowly with time i.e., C/C_ of 0.1 even after 900 hours.
Thus red earth compacted under basic condition showed
significant retardation when compared with acidic con-
dition. The reason is OH groups or oxygen atoms are
attached to iron and aluminum in the inorganic colloids
(e.g.: AI-OH)".

4. Conclusion

In this study experiments are performed to assess the
suitability of locally available geo-material like red earth
as liner material under acidic and basic pH conditions for
waste containments systems such as landfills. Red earth
in basic condition is showing suitability as liner material
when compared to acidic condition. Based on batch sorp-
tion experiments on Red Earth, the Freundlich sorption
isotherm is found to be most appropriate isotherm to rep-
resent the sorption characteristics. Batch study quantifies
the influence of various parameters on sorption phenom-
enon, which will be of great help in establishing the long
term behaviour of the liner material. Breakthrough curves
plotted from column study establishes that the break-
through time for Red Earth is significantly more under
basic condition. Hence Red Earth under basic condition
can be a promising material as liner for landfills.
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