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After Preconcentration on
Surfactant-Coated Alumina

ABSTRACT A new, simple, and reliable method for rapid preconcentration
of trace levels of malachite green from water samples is developed using a
sodium dodecyl sulfate coated alumina solid phase. The effects of pH, flow
rate of sample solution, and foreign ions on the sorption of malachite green
have been investigated. Two micrograms of malachite green from 250 mL of
aqueous phase could be quantitatively extracted into a 500 mg of SDS
coated alumina. The collected malachite green molecules were eluted with
2mlL of acetonitrile and determined spectrophotometrically at 617 nm. The
detection limit corresponding to three times of the standard deviation of
the blank was found to be 3.2pgL~". The proposed method was used
for the separation and preconcentration of malachite green with high
enrichment factor (about 250) from water samples.

KEYWORDS determination, malachite green, preconcentration, spectro-
photometry, surfactant coated alumina

INTRODUCTION

Malachite green (MG) is a triphenylmethane dye (Fig. 1), originally used
as a dyeing agent in the textile industry, has also been widely used in the
fish farming industry for many decades. The reason for its popularity is
derived from its broad antimicrobial spectrum and effectiveness in the
prevention and treatment of certain fish diseases compared to other fishery
chemicals.'!! On the other hand, it is also used as a dye in silk, wool, and jute
and in leather cotton, paper, and acrylic industries.”) However, MG has now
become a highly controversial compound due to the risks it poses to the
consumers of treated fish, including its effects on the immune system and
reproductive system and its genotoxic and carcinogenic properties.[‘%_(’]

Due to the vital importance of MG analysis, several analytical methods for
its quantitative determination have been reported. These include spectro-
photometric after solid-phase extraction using magnetic affinity adsorbent'”
liquid chromatography (LC) with visible detection,®” LC—mass spectrometry
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FIGURE 1 The structure of MG.

(LC-M$S),"! gas chromatography—MS (GC-MS),*?
and capillary electrophoresis.""?
methods are laborious and require sophisticated
instruments; thus, the need still exists for the devel-
opment of simple, sensitive, fast, and inexpensive
methods.

In recent years, solid-phase extraction using
surfactant-coated alumina columns have been
used as new sorbent materials for the extraction

Some of these

or preconcentration of inorganic and organic
compounds." 2% Adsorption of ionic surfactants
on mineral oxides is a cooperative process. First, a
monolayer of surfactant (i.e., hemimicelles) is
formed with the surfactant head-group facing
toward the oxide surface, and its hydrocarbon tail-
groups protrude into the solution, interacting later-
ally between them. After that, surfactant adsorption
occurs through hydrophobic interactions between
hydrocarbon tail-groups, which results in the for-
mation of discrete surface aggregates, termed admi-
celles. Because of the amphiphilic character of
surfactants, admicelles are aggregates in which
there are regions of different polarity, acidity, etc.
This feature makes these aggregates extremely
versatile extractants.

Recently, the modified Al,O3-SDS system has been
used as a suitable solid phase for the preconentration
and determination of PA(II) and UIV).*"*? In the
present work, the unmodified SDS-coated alumina
was used for the preconcentration of MG from a
large volume of aqueous samples. The adsorbed
MG was eluted from the column and determined
spectrophotmetrically. To the best knowledge of
the authors, there is no report about the preconcen-
tration and determination of MG using the proposed
method in literature.

K. Farhadi et al.

MATERIALS AND METHODS

Reagents

Pure MG, sodium dodecyl sulfate (SDS), and
y-type alumina were analytical grade and purchased
from E. Merck (Darmstadt, Germany). All of the
other solvents and chemicals were purchased
from Scharlau (Barcelona, Spain) and used without
further purification. Millipore filters were purchased
from FILALBERT S. L. (Barcelona, Spain). Working
solutions were prepared from the stock solution by
serial dilutions with doubly distilled water.

Apparatus

All pH measurements were made with a Metrohm
744 pH meter (Switzerland) using a combined
pH electrode. A Perkin Elmer model Lambda 25
(Waltham, MA, USA) UV-visible spectrophotometer
equipped with 10-mm quartz cells was used for absor-
bance measurements. The flow of the sample through
the column was adjusted with a vacuum pump model
C55JXHRL-4205 (J/B Industries Inc., Aurora, IL, USA).
Determination of MG was carried out on an HP 1100
series high performance liquid chromatograph
(Agilent Technologies, Wilmington, Delaware, USA)
controlled by Chemstation software, equipped with
a diode array detector and a 20-pL injection loop.

Preparation of Solid-Phase
Extraction Particles

For the preparation of SDS-coated alumina, puri-
fied alumina particles (y-type; 5g) were suspended
in 500mL of water containing 500mg SDS and
1.25¢g sodium chloride, and then the pH was
adjusted to 4.5+0.1 with a hydrochloric acid solu-
tion (1 M), and the suspension was stirred for 24 h.
After shaking, the supernatant was discarded and
the modified alumina was washed with doubly dis-
tilled water and dried at 60°C for 24 h. For prepara-
tion of the solid-phase extraction column, 500 mg
of SDS-coated alumina was transferred to a Millipore
filter holder for the preparation of a column (5 mm in
height x 9 mm in diameter). A 0.45-pm Millipore fil-
ter was inserted between the packed column and a
sintered glass disk to prevent the disk from clogging.
The column was packed with SDS-coated alumina
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particles. Then the column was washed with 5 mL of
acetate buffer (0.01 M, pH=4.7) before use.

Solid-Phase Extraction and
Quantification of MG

After preparation of extraction column, 250 mL of a
solution containing MG (pH=4.7) were passed
through the column at a flow rate of 24 0.1 mLmin ™.
Then the retained MG was eluted from the column
with 2mL of acetonitrile and collected in a test tube,
and its absorbance was measured at 617 nm against a

reagent blank solution.

RESULTS AND DISCUSSION

Metal oxide, such as alumina, possesses a high
surface area, but its surface is hydrophilic and has
low adsorption affinity for organic compounds.
Alumina can be modified by surfactant coating to
enhance their sorptive capacity toward organic
compounds.?*?* Adsorption of surfactant on metal
oxides occurs through coulombic attraction between
charged alumina surface and the oppositely charged
surfactant head-group. Vander Waals forces between
the long chains of surfactants lead to the formation of
admicelles and hemimicelles on the surface.”” It is
important to note that the adsorption on metal oxide
is pH sensitive, ! and also the concentration of SDS
must be lower than the critical micelle concentration
(CMC) of SDS (8 x 107> M), because when SDS con-
centration is higher than the CMC, the excess amount
of SDS would form micelles in an aqueous solution
so their sorption on the alumina surface is reduced.

Effect of SDS Amount

The concentration and type (hemimicelles, mixed
hemimicelles/admicelles, or admicelles) of surfac-
tant aggregates on mineral oxides depend mainly
on the surfactant/oxide weight ratio. The influence
of SDS amounts on the extraction performance of
SDS-coated alumina was investigated by varying
the concentration of anionic surfactant added
between 0 and 500mg/g alumina. The obtained
results are summarized in Fig. 2. As can be seen,
hemimicelles were formed at SDS concentrations
lower than 50mg/g alumina, mixed hemimicelles/
admicelles between 50 and 250 mg/g alumina and
admicelles in high amount of SDS (>250mg/g
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FIGURE 2 Influence of the amount of SDS on the adsorption of

MG. Conditions: Operation in the batch mode; MG concentration,
20 ugL~"; amount of alumina, 1.0g; pH, 4.7.

alumina)."™® Thus, SDS amount about 100 mg/g
alumina was selected in further studies.

Effect of Sorbent Amount on
Recovery of MG

The influence of sorbent amount on the adsorp-
tion of MG was investigated by using of different
sorbent amounts and evaluating their ability in the
extraction of 20ugL™" of MG from 250-mL water
samples. The obtained results are shown in Fig. 3.
As can be seen, by using 500 mg of sorbent, MG is
quantitatively extracted, and a decrease in recovery
values was observed by decreasing the amount of
sorbent. Therefore, 500 mg of sorbent was chosen
for further studies.

Effect of pH

In solid-phase extraction studies, pH is an
important parameter for quantitative recovery of

120
100 A
80
60

40 -

Recovery (%)

20 A

0 T T T T T ]
100 200 300 400 500 600 700
Sorbent amount (mg)

FIGURE 3 Effect of sorbent amount on extraction recovery.
Conditions: MG concentration, 20png L~'; sample solution
volume, 250 mL; sample solution flow rate, 2mL min~"; pH, 4.7.

Spectrophotometric Determination of Malachite Green Residue



02: 45 30 January 2011

Downl oaded At:

analytes.”” The effect of pH on the extraction of MG
was investigated in the pH range of 3-7. The adjust-
ment of the pH of the solutions was performed by
the addition of diluted NaOH or HCI. The obtained
results are shown in Fig. 4. The progressive decrease
in the adsorption of MG at pH<4.5 is probably
related to the increase of a protenated form of MG
that has no significant interaction with formed
hemimicelles/admicelles on alumina. In pH > 5, the
decrease in absorbance is most probably related to
poor fixation of SDS on alumina, so that in pH > 8,
all of the immobilized SDS is completely removed
from the surface of solid support. Similar phenomena
have been shown in the separation of traces of
some cations and ketoconazole using SDS-coated
ALOj solid-phase.””** As a further confirmation, the
amount of MG was determined in obtained acetoni-
trile solutions using high performance liquid
chromatography (HPLC) (see Fig. 4). As seen, chro-
matographic results have been completely matched
with spectrophotometric data in various tested pHs.
Therefore, pH 4.7 was chosen as optimum for the
quantitative separation, and the solution pH was
fixed using 1 mL of acetate buffer (1.0 M).

Effect of Flow Rate

The influence of flow rates of the sample solution
on extraction of MG was investigated by passing
250mL of a sample containing 20pugL™" of MG
followed by elution of the column with 2 mL of acet-
onitrile at a flow rate of 1mLmin~'. The obtained
recovery values at three different sample flow rates

0.35 - r 140
0.3 F 120
0.25 F 100
] P
5 02 - L g0 =
8 - <
- -
8 015 A reo0 B
2 o
< o1 - F 40
0.05 - F 20

0 . T T » 0

0 2 4 6 8 10

pH

FIGURE 4 Influence of sample solution pH on extraction of
200pugL~" of MG from 100 mL water on SDS coated alumina solid
phase. Chromatographic conditions: column, C18, 15cm x
4.6 mm i.d., 5pm; mobile phase, acetonitrile, 50 MM ammonium

acetate (85:15v/v); flow rate, 1.5 mL min~"'; wavelength, 617 nm.
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were studied, and the obtained results show that in
high flow rates, the recovery of MG diminishes
(probably due to very low extraction times) and
reaches maximum values in low flow rate values
(Fig. 5). Thus, due to the importance of extraction
time, 2mLmin~" was chosen as the optimum flow
rate for the stripping step in further experiments.

Elution of MG from the Column

The nature and concentration of eluents have an
important effect on the desorption of analyte from the
extraction column. Therefore, the elution of MG by
various eluents was examined, and the results are
shown in Fig. 6. As can be seen among the tested
reagents, acetonitrile was suitable for the elution of
MG from the extraction column. Also the influence of
elution solvent volume was studied, and it was
observed that 2 mL of acetonitrile completely desorbed
MG from the column, and increasing the eluent volume
only decreased the preconcentration factor.

Effect of Foreign Metal lons

The recovery of MG in the presence of foreign
ions was investigated (Table 1). The obtained results
indicated that there is no considerable decrease in
recoveries of MG. The tolerance limit was set as the
amount of ion required to cause a £3% error in the
recovery values of 25 nug MG. As seen, the proposed
method is free from interference from a large num-
ber of transitions and nontransition cations at high
concentration ranges (milligrams). Also, it is note-
worthy that no decrease in recovery values was
observed for MG in the presence of various anions
at the milligram ranges.

120 ~
100 ~
80 +
60

Recovery (%)

20 A

0 T T T T T 1
0 2 4 6 8 10 12
Flow rate (mL min)

FIGURE 5 Effect of sample solution flow rates on recovery of
MG from 100 mL water. Conditions: MG concentration, 50 pg L
amount of sorbent, 500 mg; pH, 4.7.
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FIGURE 6 Influence of nature and concentration of eluents on extraction recovery. Conditions: MG concentration, 20 ug L~'; amount of

sorbent, 500 mg; sample solution flow rate, 2mL min~'; pH, 4.7.

TABLE 1 Recovery of 25ug MG from Water Solutions
Containing Other Cations

Tolerance limit

Interfering ion Added as (mg cation)?
Na™ NacCl 120
K+ KCl 117
Ca™? CaCl, 85
Mg*2 MgCl, 85
Ba*2 BaCl, 75
Fet3 FeCls 23
Cot*? Co(CH;COO0), - 4H,0 25
Pb*2 Pb(NO3), 17
Cut? CuSO, - 5H,0 25
Zn*2 Zn(CH5COO0), - 2H,0 40

°Average of three replicate determinations.

Conditions: MG concentration, 50pugL™"; sample volume, 500mL;
amount of sorbent, 500 mg; sample solution flow rate: 2mLmin~"; pH,
47.

Study of Preconcentration Factor

To determine the preconcentration factor, differ-
ent volumes of sample solutions containing 10 pug
of MG were passed through the column and washed
with 2 mL of acetonitrile. It was found that there is no
considerable effect with changing the volume of the
sample solution up to 500 mL. Therefore, a precon-
centration factor of 250 can be achieved. The
obtained relative standard deviations (RSD%) of
MG recoveries under optimal conditions for three
replicate measurements at a concentration range
level of 5-50 ug L' were between 2.5-3.4%. It must
be noted that a prepared column can be used three
times for quantitative recovery of MG without any
regeneration. The capacity of SDS-AlLLO; on the
sorption of MG was examined and found to be
2.78 mg/g of the solid phase.

TABLE 2 Results of MG Determination and Recovery from Water Samples

Added Proposed RSD Recovery HPLC RSD Recovery
Sample (250 mL) (ng - L™ method? (%) (%) method? (%) (%)
Fish farming water sample 1 — ND? — — — —
20 20.6+0.7 34 103 19.9+0.5 25 99.5
50 484+1.3 2.7 96.8 49.7+0.8 1.6 99.4
Fish farming water sample 2 0 7.6+0.2 2.6 — 7.7+0.1 1.9 —
20.0 27.4+0.7 2.5 99.3 27.5+0.5 1.8 99.0
River water — ND” — — — — —
5.0 4.92+0.16 3.25 98.4 4.96 +0.1 2.2 99.2

?Average of three replicate determinations.
PND, not detected.
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TABLE 3 Comparison of the Proposed Method with Other Methods

Recovery data LOD Detection Clean-up Matrix Ref.
22.0% 0.5-1pg/L  LC-UV/VIS (620 nm) Magnetic SPE Water 7
95.4% 10pg/L LC-UV/VIS (618 nm) SPE:Diol column + filtrated Water 29
99.4% 1.2ug/L LC-UV/VIS (618 nm) — Fish farming and 30
river water
— 1-2pg/Kg  LC-SERS? Silver colloids in a PDMS? Water 31
microlfuid channel + filtrated
41.8% 0.28ug/L  LC-amperometric detection  Cyano SPE Water 32
at a carbon fiber electrode
76.0% — LC-UV/VIS (615 nm) — Water 33
95.9% 3.2ug/L UVv/VIS (618 nm) SPE (surfactant coated alumina) Water This work

?Polydimethylsiloxane.
bsurface-enhanced Raman spectroscopy.

Analytical Applications

The calibration curve, which is plotted as absor-
bance against concentration of MG in water sample,
indicated a wide linear range (5-100pugL~") with
good linearity (r=0.9947). The limit of detection
(LOD) of the proposed method for determination of
MG based on 3¢ of the blank is 3.2pugL™". To assess
the applicability of the method to real samples, it
was applied to the extraction, preconcentration, and
determination of MG from fish farming water sam-
ples. A 250-mL aliquot of a water sample containing
MG was adjusted at pH 4.7, and then the MG was
extracted using the proposed column and determined
spectrophotometrically. The obtained results of
spectrophotometric determinations compared with
the HPLC method®” (stationary phase: C18 column
with 25-cm length, 4.6-mm i.d., and 5-pum particle size;
mobile phase: a mixture of acetonitrile—acetate buffer
[5S0mM, pH 3.9], 85:15v/v). MG was determined by
isocratic elution (flow rate, 1.5mLmin" ") with visible
detection at A =618 nm. The results clearly indicated a
satisfactory agreement between the determination of
MG in water samples by the proposed method and
HPLC method (see Table 2).

A comparison of the proposed method with other
methods”#*7% (see Table 3) indicated that the
analytical performance of the proposed method is
comparable with other works; in the case of simpli-
city and low cost, it is superior.

CONCLUSION

The proposed method for solid-phase extraction
of MG based on SDS-coated alumina phase is very

K. Farhadi et al.

simple, sensitive, economic, and reproducible. Due
to a relatively high preconcentration factor, trace
amounts of MG at ppb level can be determined
accurately. The proposed method is free from inter-
ference for a large number of diverse ions that are
associated with MG in various water samples.
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