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Abstract:Landfills are the most popular municipal solid waste disposal system. The landfill liner is
designed to isolate the waste from the soil beneath to minimize the passage of leachate into the
groundwater.Usually, compacted liner materials consist of soil rich in clay minerals for their low
hydraulic conductivity. This study is an attempt to assess the use of bentonite as a potential liner
material. With the addition of bentonite in landfill liner, the toxicity of leachate is expected to decrease.
It was found that bentonite bed works as a shield against percolation of heavy toxic metals from
leachate of landfills into soil and groundwater.
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1. Introduction

In recent years, with the rapid development of urbanization in India, the number of urban population is
expanding day by day [1]. As a result, the annual accumulation of municipal solid waste has increased
dramatically. In some areas, there has been a phenomenon of “garbage siege” [2, 3]. If not properly
handled, it will cause extremely strong pollution to the surrounding environment [4-6]. Sanitary
landfills are widely used to treat urban household garbage in India. However, with the development of
the economy, there are more and more kinds of urban household garbage, and the pollution is also
getting stronger [7, 8]. Because the landfills have their own moisture, and in the long-term erosion of
rainwater and groundwater, through the landfills and the overlying soil, it will form a high concentration
of wastewater landfill leachate [9]. The composition of the landfill leachate is complex and variable,
with uncertainty. Generally, with the high concentration of COD, BODS5, heavy metals, andammonia
nitrogen components, this leachate pollution is strong and difficult to deal [10]. If the anti-seepage
system of landfills cracks and penetrates, landfill leachate will invade the surrounding environment, and
its main hazards include the following aspects: first, it will pollute the surface water and groundwater
[11]. India has a large population and a small per capita water supply, making it one of the poorest
countries in per capita water resources in the world [12]. Polluted groundwater cannot be used as
domestic water source, which will seriously affect people’s use of natural resources. Second, it will
contaminate the surrounding soil, which cannot be used as farmland or forest land [13]. Moreover, it is
difficult to control soil pollution, and it is difficult to achieve results in a short period of time. Also, it
will endanger human health. Heavy metal ions in leachate also accumulate in the human body through
products in water and plants in soil, which will cause serious social events [14]. To prevent such
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hazardous event, it is important to provide prevention to ground water against leachate. Leachate
contains many toxic metals which can mix with ground water. To resolve this problem many methods
were tried. Use of bentonite as an inner liner of landfill system is one of the solutions against leachate
problem. The present study aims to determine effectiveness of the bentonite against leachate.

2. Method
The adsorption performance of the bentonite bed was tested by the self-made adsorption percolation
apparatus, as shown in Figure2. The adsorption and retarding properties of the slurry were tested with

synthetic leachate in the laboratory. The main components ofsynthetic leachate are shown in Table 1.

Table 1. Composition of Synthetic Leachate

Components of Leachate Concentration in mg/L
Pb 20
Cr 8
Hg 2

The basic principle of this method is flow of percolating synthetic leachate through a bed of
bentonite as shown in figure 1. The flow of the leaching solution is kept down-flow as similar to ground
conditions. The flow rate is generally accelerated when compared to natural flow conditions. However,
it should be slow enough to allow reaction of leachate to bentonite bed. A basis assumption in this test is
that the distribution of the leaching solution is uniform and that all particles are exposed equally to the
bentonite bed. This experiment is more closely approximate the flow conditions, particle size
distribution and pore structure, leachate flow, and solute transport found in the field. After percolation of
leachate, its chemical composition is compared with chemical composition of influent synthetic
leachate. The adsorption effect of bentonite bed on heavy metal ions reached over 99.80%, which could
meet the specified emission requirements.
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Figure 1. Typical Arrangement of Adsorption Performance Test
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3. Result
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Figure 2. Laboratory Setup forAdsorption Test
(a) During Dis-Engagement
(b) During Experiment

The analysis of synthetic leachates after percolation through bentonite bed is as shown in table 2.

Table2. Leachate Analysis After Percolation Through Bentonite Bed

Component of | Concentration | Concentration after | Adsorption
Leachate before percolationin mg/L Rate
percolation in
mg/L
Pb 20 0.223 98.89 %
Cr 8 0.078 99.03 %
Hg 2 0.00025 99.98 %
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Based on above results we can get a effective reduction in concentration of toxic metals in leachate as
shown in figure 3.

Reduction in concentration of toxic metal in leachate using bentonite
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Figure 3.Reduction in Concentration of Toxic Metal in Leachate Using Bentonite

4. Discussion
Based on this study and after analyzing of results points are observed:

Concentration of toxic metal after percolation through bentonite bed is reduced up to extent of zero.
Mercury having highest absorption tendency with bentonite bed among studied toxic metals.

Lead having lowest absorption tendency with bentonite bed among studied toxic metals.

All metals presented in leachate after percolation through bentonite bed are below the threshold limit.
Threshold value for maximum contaminant level is considered as 100 times the allowable limit reported
elsewhere [15], [16].
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5. Conclusion

Aftergetting results from this study, it can be concluded that the bentonite bed is an effective mean to
minimize toxicity of leachate in landfills. Bentonite bed act as a shield against percolation of heavy
toxic metals from leachate of landfills into soil and groundwater. Thus, it should be used as inner liner
bed for landfills. Authors of this paper also suggest further study to understand behavior of bentonite
bed in respect of strength, leakage, permeability etc.
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