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ABSTRACT

In the present study, an anionic surfactant, sodium dodecyl sulfate (SDS) was
used to modify aluminum hydroxide nanoparticles to form a novel adsorbent
(SMAH) for removal of an organochloride pesticide,
Dichlorodiphenyltrichloroethane (DDT) in water environment. The DDT
removal using o-Al(OH); and SMAH nanoparticles were 35.5, and 96.1 %,
respectively indicated the high removal efficiency of SMAH compared with a-
Al(OH)s. The effective conditions for adsorptive removal of DDT using SMAH
were optimized and found as pH 8, contact time 30 min and SMAH dosage
25 mg/mL. The maximum adsorption capacity of DDT on SMAH calculated by
a two-step model was found to be 2500 ug/g. After five regenerations, the
DDT removal was still higher than 80 %. Adsorption isotherms of DDT on
SMAH and the surface charge change of SMAH after adsorption demonstrate
that hydrophobic interactions in the presence of SDS bilayer of admicelle is
the main driving force to control DDT adsorption on SMAH.

1. Introduction

techniques were developed for removal of DDT and
OCPs including biodegradation [3], photocatalysis [4],

Pesticides are the important chemicals that are widely
used in agricultural activities. However, many pesticides
are the persistent organic pollutants (POPs) according
to Stockhom convention in 2001.
Dichlorodiphenyltrichloroethane (DDT) which belongs
organochloride pesticides (OCPs), is an emerging POPs
that should be removed due to very stable and
dangerous to human health [1]. Similar to lindane, DDT
can accumulate in biocells of humans and animals [2].
The DDT residual in water is still a serious concern due
to its very low biodegradation. Recently, various

coagulation/ flocculation [5] and adsorption [1, 6, 7].
Among them, adsorption is an effective, simple and low-
cost technique for OCPs removal [1, 8] when using the
natural or waste adsorbents. The DDT is a hydrophobic
compound, thus an increase the hydrophobicity of
adsorbent is a great of importance to enhance removal
efficiency [3, 7.

Aluminum hydroxide and aluminum oxide are common
adsorbents in environmental chemical engineering [9,
10]. In our previous studies, alpha aluminum hydroxide,
o-Al(OH); was modified by both anionic surfactant,
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sodium dodecyl sulfate (SDS) [11] and cationic
surfactant, cetyltrimethylammonium bromide (CTAB) [8]
to remove lindane from agqueous solution with very high
efficiencies. The SDS modified aluminum hydroxide
(SMAH) is more effective than CTAB modified aluminum
hydroxide (CMAH) in the lindane removal. The reason
for the high effectiveness of SMAH in removal of
hydrophobic substance is due to the presence of bilayer
micellization (admicelles) for SDS could be easily formed
than CTAB. To emphasize the performance of SMAH in
the removal of hydrophobic OCPs, another systematical
study on removal of DDT using SMAH is necessary.
Therefore, in this wok, we investigate adsorptive
removal of DDT using SMAH in water environment.

2. Experimental
Materials

The a-Al(OH)s nanoparticles were synthesized by the
precipitation method according to the procedure in our
previous paper [8]. In the paper [8], the a-Al(OH);
nanoparticles were thoroughly characterized by X-ray
diffraction ~ (XRD),  Fourier  transform infrared
spectroscopy (FT-IR), Scanning electron
microscopy energy dispersive X-ray spectroscopy (SEM-
EDX), Brunauer—Emmett-Teller (BET) and zeta potential
measurements. Dichlorodiphenyltrichloroethane (DDT),
an analytical reagent with high purity of 99%, was
purchased form Sigma-Aldrich. Sodium chloride (NaCl),
sodium hydroxide (NaOH), and hydrochloric acid (HCI),
and other chemicals were also delivered from Scharlau,
Spain. Ultra-pure water was used to prepare all aqueous
solutions. A pH meter (HI 2215, Hanna, USA) was used
to monitor all pH of solutions.

Preparation of SDS modified o-Al(OH); (SMAH)
A solution of 100 mM SDS was mixed with 2 mL
suspension of 100 mg/mL a-Al(OH)s nanoparticles in the
presence of 100 mM NaCl solution. Then, the solutions
were adjusted to pH 4 before filling by ultrapure water
to 10 mL in 15 mL Falcon tubes to form SDS modified a-
Al(OH)3 (SMAH) [11].

Adsorption study

A 100 pg/L of DDT was mixed with SMAH adsorbent in
15 mL Falcon tubes. After that, the pH solutions were
adjusted to given values before shaking for various
contact time. To find optimum conditions including
contact time, pH and SMAH dosage were systematically

studied by changing one parameter while the other
conditions were fixed. The triplicated experiments were
conducted for all adsorption studies.

Adsorption isotherms were carried out under optimum
conditions. The suspensions were centrifuged by using
a refrigerated centrifuge (MR23i, JOUAN, France) at
10.000 rpm for 10 min. The DDT concentrations were
determined by GC-ECD with Scion 456GC coupling with
an autosampler CP-8400 (Bruker). A DB-5 (5% phenyl
and 95% methyl polysiloxane) capillary column of 30 m
x 0. 25 mm x 0.25 um was used to separate DDT in the
GC system. The Nitrogen gas (99.99%) with a flow rate
of 1.2 mL/min was used as mobile phase. The ECD
detector temperature of 300 ©°C and injector
temperature of 250 °C with splitless mode were used.

The removal efficiency (%) of DDT was determined by
the following equation:

Removal (%) = ? x 100 (1)

where G (ug/L) and Cr (ug/L) are initial and final
concentrations of DDT, respectively.

The adsorption capacities of DDT on SMAH were
calculated by using the equation:

C;

r=5"% 10002
= = @

where T is the adsorption capacity of DDT (ug /g), Ceis
the equilibrium concentration of DDT (ug /L), and m is
the adsorbent dosage (mg/mL).

Adsorption isotherm of DDT on SMAH were fitted by a
two-step model using a general isotherm equation. The
general isotherm equation is:

R )
T 14Kk,C(1+Kk,C 1)

where C is the DDT equilibrium concentrations of, T is
the amount of adsorbed DDT at concentration C, Ty, is
the maximum adsorption capacity, ki and k. are
equilibrium factors involved in the first and second step,
respectively, and n is clusters of the adsorption layer.
The surface charge changes by monitoring ¢ potential
of «-Al(OH); after SDS modification and DDT
adsorption were determined by a Zetasizer Nano ZS
(Malvern, England) by Smoluchowski’s equation using
the electrophoretic mobility measurements [12].

3. Results and discussion

Adsorptive removal of DDT using a-Al(OH); and SMAH
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The 100 mM SDS was used to modify the surface of nano
o-AlO3 in 100 mM NaCl at pH 4. The SDS adsorption
on o-Al(OH); at pH lower than point of zero charge
(PZC) is governed by both electrostatic and
hydrophobic interactions at high ionic strength. As a
result, the surface charge of a-Al(OH)s is negative in the

presence of micelles which can enhance DDT
adsorption.
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Fig. 1: Adsorptive removal of DDT removal using o-
Al(OH)3 and SMAH. Error bars show standard
deviations of triples

Figure 1 shows that the DDT removal efficiencies in
10mM NaCl (pH 8) increased from 35.5 to 96.1 %. when
using a-Al(OH)s and SMAH. The significant increase in
removal suggests that SMAH is much more effective
than o-Al(OH)s. Thus, we only investigate the DDT
removal using SMAH in the further studies.

Adsorption of DDT using SMAH

Effect of contact time
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Fig. 2: Effect of contact time on DDT removal using
SMAH (Cppr = 200 pg/L, pH 8, and SMAH dosage 25
mg/mL). Error bars show standard deviations of triples

Contact time affects to the equilibria of adsorption
process. The removal of DDT using SMAH was carried

out with initial DDT concentration of 200 pg//mL in 10
mM NaCl (pH 8) whereas the contact time was changed
from 0 to 180 min.

Figure 2 shows that DDT removal using SMAH increased
significantly from 0 to 30 min and reached the plateau
quickly. After 30 min, DDT removal changed
insignificantly because adsorption equilibrium was taken
place. The contact time in the present study is 2 times
shorter than OCPs pesticides removal using bagasse fly
ash [1]. Thus, contact time of 30 min is selected for DDT
using SMAH.

Effect of pH

The pH is always an important factor in adsorption
process because pH may induce the charging property
of SMAH adsorbent, while the charging behavior of DDT
is not strongly depended on pH. The pH effect was
studied in the range of 3.0-11.0.

Figure 3 indicates that the DDT removal using SMAH
fluctuated slightly in all pH range 3.0 -11.0 although at
low and high pH values the DDT removal efficiencies
were lower than that at neutral pH due to the desorption
of SDS [13]. At pH 8, DDT removal using SMAH achieved
the highest efficiency so that the optimum pH for DDT
removal using SMAH was 8.0. It should be noted that a-
Al(OH); did not change the structure form at pH > 7.0
although SDS desorption was occurred at high pH [13].
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Fig. 3: Effect of pH on DDT removal using SMAH (Cppr
= 200 pg/L, contact time 30 min, and SMAH dosage 25
mg/mL). Error bars show standard deviations of triples.

Effect of adsorbent dosage

Adsorbent dosage influences to total site and specific
surface area for adsorbate uptake. Figure 4 shows that
the DDT removal using SMAH increased when the
dosage increases from 0.1 to 25 mg/mL. When
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increasing SMAH dosage than 25 mg/mL, the DDT
removal changed insignificantly because the surface
sites were enough for adsorption. Therefore, 25 mg/ mL
SMAH is selected as optimum dosage for DDT removal.
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Fig. 4: Effect of SMAH dosage on DDT removal (Cppr =
200 pg/L, pH 8, and contact time 30 min). Error bars
show standard deviations of triples

Adsorption isotherms of DDT on SMAH

Adsorption isotherms of DDT on SMAH at two NaCl
concentrations  were  performed under optimum
adsorptive conditions of contact time 30 min, pH 8 and
adsorbent dosage 25 mg/mL. The initial concentrations
of DDT were prepared from 100 to 5000 pg/L. A two-step
adsorption model with general isotherm equation [14]
was used to fit experimental data of DDT adsorption
capacity as the function of equilibrium concentrations
shown in Table 1.

As can be seen in Table 1, DDT adsorption capacity
increased 2 times from 1250 to 2500 ug/g with an
increase of NaCl concentration from 1to 10 mM. The
maximum adsorption capacity in our case is higher than
many reported adsorbents [5, 15]. The values of ki, ppr
and koppr also increased about 4.0 and 2.4 times,
respectively while nppr decreased 1.5 times when
increasing ionic strength 10 times. It should be noted
that an increase ionic strength causes a decrease in
electrostatic  interaction. hydrophobic
interaction was increased with increasing ionic strength
could promote the adsorption.

However,

Table 1: The adsorption isotherms of DDT on SMAH at
two NaCl concentrations fitted by two-step model

CNacl oot ki, poT k>, boT NooT
(mM) | (ug/9) | (g/ug) (9/ug)™
1 2500 0,333 584785 15
10 1250 1,33 1390258 1.0

The adsorption mechanism of DDT on SNAH is also
discussed on the basis of surface charge change by ¢
potential (not shown in detail). The C potential of a-
Al(OH);, changed from positive ( = 241 mV) to
negative with low value ({ = -2.4 mV) at pH 8 because
SDS is a strong anionic surfactant. However, after DDT
adsorption due to strong hydrophobic interaction
between hydrocarbon chains of DDT and bilayer of SDS
admicelles of SMAH, the negative charge of SMAH
changed to small positive ( = 1.96 mV).

The results of adsorption isotherms and the ¢ changes
after adsorption demonstrate that DDT adsorption on
SMAH is mainly controlled by hydrophobic interactions
between aromatic rings of DDT and alkyl groups of SDS
micelle that is similar to the case of lindane adsorption
on SMAH [11].

Regeneration of adsorbent

The regeneration of adsorbent is important to
demonstrate the reuse potential and performance of
adsorbent.

Due to the strong interaction between DDT and SMAH,
we used 2 M NaOH to desorb DDT until the DDT
concentration couldnot detect by GC-ECD. After that,
the adsorbent was remodified with SDS residue under
the optimum conditions. To confirm the unchanged
adsorbent dosage, we compared the mass of adsorbent
dosage in solution before and after regenerations. The
differences after regenerations were insignificant. The
DDT removal efficiencies reused SMAH are indicated in
Fig. 5.
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Fig. 5: The DDT removal using SMAH after five
regenerations. Error bars show standard deviations of
triples
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Figure 5 shows that the DDT removal efficiencies using
SMAH after five regenerations were decreased slightly
and reached about 83.4 %. There results again
demonstrate that SMAH is reusable and effective
adsorbent for DDT removal in agueous solution.

4. Conclusion

We have investigated adsorptive removal of DDT using
SDS modified o-Al(OH)3 (SMAH). The DDT removal
using SMAH increased about 2.7 times compared to a-
Al(OH)3. The optimum conditions for DDT removal of
DDT using SMAH were found to be contact time 30 min,
pH 8, and SMAH dosage 25 mg/mL. Adsorption
isotherms of DDT on SMAH were fitted well by a two-
step model. The maximum adsorption capacity of DDT
on SMAH reached to 2500 ug/g. After five reused times,
the DDT removal was higher than 83.4 %, indicating that
SMAH is a high performance adsorbent. Based on
adsorption isotherms of DDT on SMAH and the (
change of SMAH after DDT adsorption, we conclude
that DDT adsorption on SMAH was controlled by
hydrophobic interaction than electrostatic interaction.
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