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1. Introduction

Bentonite is a suitable material in engineering landfills due to its low permeability and contaminant sorption
ability. The presence of contaminant in pore fluid and its interaction with clay particles, changes the physical and
behavioral properties of clays. Organic and heavy metal contaminants are two types of environmental contaminants.
Prior researches have shown that organic contaminants compress the double layer due to their low dielectric
constant. A compressed double layer makes a larger permeability and lower plasticity properties. In spite of several
researches that have been done about organic and heavy metal contaminant interactions with clay minerals, there is
lack of study about the difference between the influences of these two contaminants upon soil behaviour. The
objective of this paper is to compare the plasticity and permeability changes of bentonite upon interaction with
organic (Methanol, Ethanol, Acetic Acid, Dioxane) and heavy metal (Pb and Zn) contaminants.

2. Methodology

To achieve the objective of this paper, several experiments including Atterberg limits and consolidation tests

were performed upon contaminated bentonite at different concentration of organic contaminants. The achieved
results were compared with the available results for heavy metal-bentonite interaction. Furthermore, the effect of
different parameters of theoretical model such as dielectric constant, valance of cation, hydrated radius of cations,
concentration of heavy metal and their effects on plasticity behavior and permeability have been studied.
The geotechnical properties of soil were determined based on the ASTM Standard [1]. The geo-environmental
engineering properties of soil were measured by the method presented by Yong et al. [2]. The pore fluid analysis
was determined by application of GBC 932 Plus atomic absorption spectrophotometer. Tables 1 and 2 show the
geotechnical and geo-environmental engineering parameters of bentonite sample which was used to study the clay-
organic contaminant interaction.

To prepare the organic-contaminated bentonite, several solutions with concentrations of 10%, 20%, 30%, and
40% of each organic contaminant were prepared. Then, they were mixed with 100 g of bentonite sample with the
soil: electrolyte ratio of 1:8. After achieving equilibrium conditions, the required experiments was performed on
samples.
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Table 1. Geotechnical properties of bentonite sample

Characteristics Quantity Measured
Liquid Limit, % 314.5
Plasticity Index, % 283.3
Soil classification CH
Clay fraction, % 77
Silt fraction, % 23

Table 2. Geo-environmental engineering properties of bentonite sample

Characteristics Quantity Measured
Carbonate Content (%) 8

pH 9.01

Na*, (cmol /kg) 485
ca*", (cmol /kg) 14.2
Mg?*, (cmol /kg) 3.4
K*, (cmol /kg) 2.1
CEC, (cmol /kg) 68.2

3. Results and discussion

The achieved results indicate that in terms of plasticity behaviour of bentonite after its interaction with organic
contaminant, two types of behaviour can be seen. In the first type, the interaction of bentonite with Ethanol and
Methanol show that at organic concentration less than 10%, these two organic contaminant have very low influence
upon bentonite behaviour. However, as the concentration of organic contaminant increases, more impact of organic
contaminant upon bentonite plasticity behaviour observed.

As an example, while 10% Ethanol causes 15% reduction in liquid limit of bentonite, the presence of 40%
Ethanol concentration causes 39% reduction in its liquid limit. The second type of organic contaminant-bentonite
interaction belongs to Acetic Acid and Dioxane. In this type of organic contaminant, the presence of 10% Dioxane
causes 43% reduction in bentonite liquid limit. Furthermore, if the Dioxane concentration increases to 40%, the
liquid limit of bentonite shows only 48% reduction. These types of behaviour can be explained with the concept of
viscosity of organic contaminants.

In addition, the plotting of atterberg limits of organic contaminated bentonite and heavy metal contaminated
bentonite in ASTM plasticity Figure shows that an increase in the concentration of these two series of contaminant
in pore fluid of bentonite for low concentration of contaminant keeps the assigned point of soil on the top of the "A"
line. However, as the concentration of contaminant increases, the assigned point gets closer to the "A" line. At the
very high concentration of contaminant, one observes that the assigned point drops to the lower part of "A" line.
These behaviours are explained from theoretical and micro-structural points of view.

4. Conclusions

The results of this paper show that an increase in contaminant concentration causes a reduction in plastic
behavior of soil. Moreover, an increase in soil hydraulic conductivity happens upon soil contaminant interaction. For
instance, an increase in organic contaminant concentration from 10% to 40% in void ratio equal to 2 causes an
increase in soil hydraulic conductivity which was 10 times larger for ethanol, 7 times larger for methanol and 4
times larger for acetic acid, respectively.

In addition, with an increase in concentration of Zn and Pb from 0.001M to 0.01M, the soil hydraulic
conductivity increased 5 and 7.5 times for Pb and Zn, with respect to non-contaminated soil, respectively. It is
shown that dielectric constant, kinematic viscosity and molecule size control the bentonite behaviour in the presence
of organic fluid. The results of this study show that the difference between the liquid limits of bentonite in the
presence of different organic contaminants, which had similar dielectric constant, can be interpreted by relative
viscosity of electrolytes. Furthermore, the discrepancy of experimental results with double layer theory can be
explained by the use of relative viscosity of electrolytes.
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