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1. Sand Bentonite Mixture
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3. Atomic Adsorption Spectroscopy (AAS)
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1. Introduction

Adsorption has been proved to be the best process of water treatment because of its significant advantages.
Clays and their minerals are abundant and cheap material successfully used for decades as an adsorbent for
removing toxic heavy metals from aqueous solutions (Kashif Uddin., 2017). Environmental pollutants and their
toxicity cause a major problem worldwide. New pollutants keep emerging and pose severe health and scientific
challenges. Water pollution is one of the biggest environmental issue causing serious problems to living beings.
The removal of various toxic substances from water and wastewater has been a core interest of many scientists
and researchers around the globe over the past decades. Dyeing, battery, printing, mining, metallurgical
engineering, electroplating, pigment, PVC stabilizers, nuclear power operations, electric appliances
manufacturing, semiconductor, cosmetics, and so on belong to industries that generate various types of
pollutants in wastewater effluent [Ali et al., 2007; Gupta et al.,, 2009]. By construction of engineered landfills,
we can prevent the groundwater pollution. In industrialized countries, the use of compacted sand-bentonite
mixture (SEB) alternatives to clay Liners due to low permeability and lack of vulnerability caused shrinkage
cracks (Alston et al.,, 1997).

Lietal. (2015) studied the effect of lead (II) on the mechanical and microstructural changes of Chinese clay.
They stated that the maximum dry density and hydraulic conductivity increased while the atterberg limits and
optimum water content decreased as the concentration of the solution increased. They explained these effects
by diffused double layer theory. Dutta and Mishra (2016) compared the bentonite behavior in the presence
of Zn?*, Pb?* and Cu?*. Previous studies are confined to detecting the effect of just one type of contaminant
(organic or inorganic compounds) on the soil. Since in oil-rich areas soils may have been subjected to both
heavy metals and oil contamination simultaneously, so the aim of this study is to investigate the changes in
microstructure and mechanical behavior of contaminated soils when they are co-exist. The laboratory program
included compaction and direct shear tests.

2. Methodology
2.1 Soil

In this research, the SEB mixtures were artificially prepared by mixing 80% sand and 20% bentonite. The
utilized sandy soil was uniformly graded Firoozkooh silica sand (No.161) which is available in Firoozkooh mine
in north-east of Tehran and was purchased from Silica Sand MFG company, Iran. The sodium bentonite was
also provided by Arak Powder Company, Iran. The tests conducted in the study were mostly on the basis of
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ASTM standard and the geo-environmental tests directions issued by McGill University of Canada. The soil
carbonate percentage was defined by titration method (Hendershot and Duquette, 1986). The specific surface
area (SSA) was determined using the ethylene glycol-monoethyl ether (EGME) method described by Elthantany
and Arnold. CEC was determined by the BaCl2 replacement method (Hendershot and Duquette, 1986) (Table 1).

Table 1. Geotechnical and Geo-environmental properties of soil sample

Soil Sample properties Bentonite Sand
Liquid Limit (%) 318
Plastic Limit (%) 36 ----

Plasticity index (%) 282 ----
G;s 2.8 2.64
€ max -== 0916
€ min -== 0.525
CEC (cmol/kg-soil) 50.53 -
SSA (cm2/gr) 415+5 -
pH 9.6 7.2
Soil Classification CH SP
2.2 Sample preparation

The diesel oil and was acquired from Tehran oil refinery with a density of 0.823 cm3, Kinematic viscosity of
2-5.5 mm2/s and a boiling point of 385 2C. Also, the lead (II) nitrate was taken from Merck chemical company
with a 99.9% precision. In order to prepare Pb contaminated samples, the soil samples were oven dried at 110
oC for 24 hours, then passed through a 2-mm mesh. Also to investigate the interaction of samples with different
concentrations of lead contaminant a series of batch equilibrium tests were performed according to EPA
(1983). The following procedure was pursued. First the solutions of lead Nitrate Pb (NO3)2 were provided in
1,3,6,12,15 & 20 cmol/kg soil. 1 gr of dry soil was weighted with the accuracy of 0.001 g and was accumulated
in a 50 ml centrifugal tubes. Then 50 ml of the lead nitrate contamination solution was added to soil. The soil
suspension samples (prepared by the aforementioned method) were stirred for 3 hours by an electrical mixer.

3. Results and discussion
3.1 Investigation the interaction of soil with lead contaminant

Sand has no cation exchange capacity; therefore, the retention of lead pollutant is carried out only by
bentonite. Based on the results presented in Fig. 1, for concentration around 12 cmol/kg soil, all of the heavy
metal ions inside the electrolyte maintained in the soil approximately. Since the CEC of 20% bentonite is one
fifth of 100% bentonite, 12 cmol/kg-soil was selected as a maximum concentration. By increasing the
concentration of lead contaminant above than CEC level of the soil, the sample ability to retain all of the heavy
metal ions decreased; therefore, the slope of the graph decreases.

14

12
10

Pb retained (cmol/kg soil)

8
6
4
2
0

&
0 3 6 9 12 15 18 21 24
Initial Pb Concentration(cmol/kg soil)

Fig. 1. Lead retention in the soil from batch equilibrium test

3. 2 Compaction test

The comparative impact of lead and diesel oil contamination on compaction properties of the soil samples
is shown in Fig. 2. It was evident that the presence of Pb up to 12 cmol/kg soil causes an increase in maximum
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dry density from 1.75 gr/cm3 to 1.84 gr/cm3. Increasing the amount of maximum dry density reflects the
chemical interaction between Pb and soil. Subsequently, the thickness of diffused double layer reduces,
particles became closer and flocculation developed (Nayak et al., 2010). This phenomenon caused better
packing of particles under the same amount of energy; hence the maximum dry density increased (Singh and
Prasad, 2007). Approaching soil particles caused the decrease of water holding ability, thus the optimum water
content decreased from 16% to 13%. These results are in agreement with previous studies (Li et al., 2015).

Furthermore, an increase in the level of diesel contamination up to 12% dry weight of soil, increases
maximum dry density from 1.75 gr/cm3 to 1.87 gr/cm3 and decreases optimum moisture content from 16%
to 8.5%. This is clearly obvious by the moving upward and left side shift of the contaminated compaction curves
from the clean soil’s curve. This is probably due to the lubricating property of diesel which leads to the
facilitation of compaction test (Al-Sanad et al.,, 1995). Since diesel is hydrophobic, it coats soil particle and
prevents interaction of water with clay particles; therefore, the amount of water required by the soil to reach
its maximum dry density is reduced (Akinwumi et al., 2014).
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Fig. 2. Effect of Pb and diesel contamination on compaction properties

4., Conclusion

An experimental testing program has been conducted to determine the effect of Pb (II) and diesel
contamination on geotechnical and micro-structural behavior of sand-bentonite mixtures. The following
conclusions could be drawn based on the test results:

1. Both diesel and lead contaminants caused an increment of maximum dry density while the optimum
moisture content reduced; therefore, the combined effect of these pollutants have a severe impact on
samples compared with those single contaminated specimens.

2. Direct shear tests indicated an 18.3% increase in cohesion and 14% decrease in the internal friction
angle due to diesel contamination. On the other hand, the samples cohesion decreased about 68% as
the lead concentration increased from 0 to 12 cmol/kg soil.
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