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ABSTRACT

The results of a study on adsorption of PCBs on nano clay are presented. Poly chlorinated biphenyl
(PCBs) are of significant concern due their high toxicity and long environmental half-lives. Experi-
ments were conducted using batch adsorption procedures at different PCBs concentration, from 10 to
60 mg/L. The amount of nano clay used were 0.03, 0.06, 0.09, 0.12, 0.24, 1.2 g. Adsorption of PCBs
solution onto the nano clay were characterized by an initial rapid adsorption which eventually became
constant within 22 hours, perhaps due to limited surface area of the nano clay particles available for
PCBs adsorption. The interactions have been studied with respect to the linear, Freundlich and Langmuir
adsorption isotherms. It is found that then nano clay is a good adsorbent for PCBs.

INTRODUCTION

The occurrence of polychlorinated biphenyl (PCBs)
in soil and water systems is currently a major prob-
lem of the global concern because of their harmful
impact on ecosystem health and on the safety of
human food supplies (Sawicki, 2006). Moreover, PCBs
are the typical persistent organic toxins present in the
natural environment ubiquitously, and they are high
toxic and resist to degradation and have high
bioaccumulation property. Therefore, the remediation
of these contaminants is essential to promote, public
health, environmental quality, and the economy
(Bedard, 2003). Traditional remediation for these
contaminants has serious limitations and high costs.
Several remedial technologies have been used to

destroy, and remove PCBs from contaminated soil and
water, Such as incineration, thermal desorption,
Chemical dehalogenation, solvent extraction, soil
washing, chemical oxidation, vitrification,
bioremediation (Boehm, 2006).

Additionally, the numerous applications of clay
minerals in soils and the formation and protection of
the environment are in general key issues of studies
during couple of few decades (Kuhnel, 1990). Clay re
hydrous alumina silicates broadly defined as those
minerals that make up the colloid fraction (<2um) of
soils, sediments, rocks and water. The high specific
surface area, chemical and mechanical stability, vari-
ety of structural and surface properties, higher value
of cation exchange capacities, etc., make the clays and
nano clays an excellent group of adsorbents. Appli-
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cation of nano clay showed numerous in the different
areas of the environmental sciences particularly in
the removal of variety of organic and inorganic
pollutants (Bhattacharya 2006). The aim of this study
is to evaluate the use of montmorillonite nano clay, in
contaminated soil to adsorb PCBs contaminant.

MATERIALS AND METHODS

Material

All the solvents were of GC grade (obtained from
Merck) and were used without further purification.
Deionized water was obtained from the Millipor ultra
pure water system. Decon 90® solution purchased
from Decon Laboratories Ltd. was used to wash all
glassware.

Properties of PCBs

Poly chlorinated biphenyl was purchased from Sigma
Adlrich. The PCBs that used in this study is 2-
chlorobiphenyl. Its purity is 99.2%. Chemical proper-
ties of PCB is presented in Table 1.

Properties of Nano Clay

The material properties of nano clay used in this study
is described in Tablel. The nano clay is Cloisite®
Na+, purchased from Nano clay was purchased
SOUTHERN CLAY PRODUCTS. Nano clay is
Cloisite® Na+, that is a natural montmorillonite. Some
properties of Nano clay are shown in Table 2.

Soil properties

The residual soil used in this study is obtained from
soil located in University Kebangsaan Malaysia,
Bangi, Selangor. The soil was taken from about 200
mm - 400mm below the surface. In the laboratory, it
was air dried for 15 days, roots separated from the
bulk soil and it was stored in polythene bags until
ready for use. Some soil properties are shown in Table
3.

Batch experiment

Adsorption tests were also conducted using a simple
but effective batch adsorption method. Experiments
were conducted to compare the efficacy of concentra-
tion of Nano clay to adsorb PCBs. PCBs solution was
prepared by mixing PCBs in n-Hexane (because of
very low water solubility of PCBs. The concentration
of solution was 10, 20, 30, 40, 50, 60 ppm. The concen-
tration of nano clay was added to PCBs solution was
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0.03,0.06,0.09,0.12,0.24 and 1.2 gram. Batch adsorp-
tion test was carried out in glass vials with 60 mL
solution (at room temperature). Solution mixed with
Nano clay was shaken (150 rpm) for 22 hours.
Solution samples were filtered and transferred to 1.5
mL Gas Chromatography bottles for gas chromatog-
raphy analysis. PCBs concentrations were measured
on gas chromatography (ECD). These operation
conditions were chosen after optimization of each
parameter and samples were tested in triplicate. The
amount of PCBs adsorbed (Q) was then calculated
using the following equation:

\%
Q=(C-C)—— @
m

Where Ci is the initial concentration, Ce is the
final or equilibrium concentration, V is volume of so-
lution, and m is the mass of soil (12g). The experi-
mental data were fitted to two commonly used ad-
sorption isotherm equations namely the Freundlich
and Langmuir models. These two models are widely
used, the former being purely empirical and latter as-
suming that maximum adsorption occurs when the
surface is covered by adsorbate. The Freundlich and
Langmuir equation commonly presented as equations
2 and 3.
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where Q is the amount of solution adsorbed on the
adsorbent (mg/kg), Ce is the concentration at equilib-
rium (mg/L), aand ? are the Langmuir constants, and
n and k are Freundlich constants, these models are
arranged to linear form as follows:
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All the experiments were carried out in completely
randomized block designs with three replications. All
data were statistically analysed with single factor
analysis of variance (ANOVA). Any significance
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Table 1. Some chemical properties of PCBs

Chemical porperties Data
Water solubility 0.0027 ng/L
Thermal conductivity 179-380 °C

Density 1.82-1.56 kg/L

Table 2. Some typical properties of Cloisite® Na+

Soil properties Data
Average diameter 2-13um
Purity >90%
Form Powder
Density 2.86g/cc

Table 3. Some properties of soil used in this study

Soil Properties Data
Natural moisture content (%) 28.90
pH at 22.5°C 4.98
Organic carbon content (%) 1.67
Cation exchange capacity (CEC) 8.96
Present clay fraction (<2pum) 22.80

reported represents P = 0.05.

RESULTS AND DISCUSSION

The results of the adsorption test conducted in this
study are shown in Figure 1. Figure 1 shows linear
adsorption isotherm for different concentration of
PCBs in contact with various amount of nano clay.
Figure 1 illustrates that adsorption of PCBs increase
when amount of nano clay is increased. The maxi-
mum adsorptions were observed at the high levels of
nano clay because of the maximum capacity of the
adsorption sites. As shown in Figure 1, the maximum
percentage of adsorption for the parameters in this
study is 77%.

The linearized adsorption isotherms (Fruendlich
and Langmuir) of PCBs on nano clay are shown in
Figures 2 and 3.

Figure 2 shows the Freundlich isotherm graphs
for all data. At1.2 g of nano clay, the Kd is 7.68 kg/L
and correlation coefficient, R,2 is 96%, indicating a
good correlation coefficients. Figure 2 shows the
experimental data are well simulated in Freundlich
model. The Q (adsorption amount of PCBs) increased
by increasing the equilibrium concentration. This
phenomenon could be explained by the increased
surface are of the nanomaterials which causes more
adsorption. The more nano clay that were present, the
more available surface area and more PCBs adsorp-
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tion were observed. Figure 3 indicates the experimen-
tal data in Langmuir model. The a and P values are
1.07 L/mg and 208.3 mg/kg at 1.2g of nano clay.
Therefore the maximum of solute that can be adsorbed
by nano clay is 2083.mg/kg. The correlation coeffi-
cient for Langmuir adsorption isotherm R2 is 98 %.

In this study, the adsorption of PCBs to nano clay
(Cloisite® Na+) was investigated. Batch adsorption
test was conducted at 10 to 60 mg/ L of concentration
of PCBs and various amount of nano clay. The gas
chromatography system was used for analysing the
result of experiments. The adsorption of PCBs onto
nano clay was examined by employing the Freundlich
and Langmuir isotherms. The maximum percentage
of adsorption of PCBs by nano clay was 77%. The
present investigation shows that montmorillonite
nano clay (Cloisite® Na+), can be employed as
effective adsorbent for removal of PCBs from soil and
water. The removal of PCBs followed the Freundlich
and Langmuir, and was found the initial amount of
nano clay has important effect on adsorption
procedure.
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