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Abstract

Cloud point extraction was applied as a preconcentration step for electrothermal atomic absorption spectrometry (ETAAS) determination
of As(III) in aqueous solutions. After complexation with ammonium pyrrolidinedithiocarbamate, the analyte was quantitatively extracted to
the surfactant-rich phase in the non-ionic surfactant octylphenoxypolyethoxyethanol (Triton X-114) after centrifugation. 0.1 mol L−1 HNO
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n methanol was added to the surfactant-rich phase before ETAAS determination. The precision (R.S.D.) for 11 replicate determ
f 5.0�g L−1 of As(III) was 3.0%. The concentration factor, which is defined as the concentration ratio of the analyte in the final
urfactant-rich extract ready for ETAAS determination and in the initial solution, was 36 for As(III). The linear concentration range w
.1 to 20�g L−1. The developed method was applied to the determination of As(III) in lake water and river water.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Micelles and other organized amphiphilic assembles are
ncreasingly utilized in analytical chemistry. Their unique mi-
roheterogeneous structures capable of selective interaction
ith different solute molecules can strongly modify solubil-

ty, chemical equilibria, kinetics and the spectroscopic prop-
rties of analytes and reagents. Separation procedures based
n the peculiar properties of aqueous non-ionic and zwit-

erionic surfactant solution have also been proposed as an
lternative to the use of traditional organic solvents. The first
se of the cloud point extraction (CPE) technique was pio-
eered by Goto et al.[1]. The analytical potential of the CPE
as been discussed by several authors[2–7]. Aqueous solu-

ions of almost all non-ionic surfactants become turbid when
eated to a temperature known as the cloud point. Above

his temperature, the isotropic micellar solution separates into
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two transparent liquid phases: a surfactant-rich phase of v
small volume, composed mostly of the surfactant plus a sm
amount of water, and an aqueous phase, in equilibrium w
the former, which contains a surfactant concentration cl
to its critical micellar concentration. The small volume of th
surfactant-rich phase obtained with this methodology p
mits the design of extraction schemes that are simple, ch
highly efficient, and of lower toxicity to the environment tha
those extractions that use organic solvents. The CPE p
nomenon has been used for the extraction and preconce
tion of organic compounds[8,9] and metal cations[10,11]af-
ter the formation of sparingly water-soluble complexes. C
has been shown to be an effective sample preconcentra
technique for improving sensitivity and selectivity prior
atomic spectrometry[10,11], high-performance liquid chro
matography (HPLC)[12–14], flow injection analysis (FIA)
[15] and capillary electrophoresis (CE)[16,17].

Arsenic exists in nature in the oxidation states +V (a
senate), +III (arsenite), 0 (arsenic) and−III (arsine). In the
aqueous environment, inorganic arsenic appears comm
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in the oxidation states +V and +III as arsenous acid (As(III)),
arsenic acid (As(V)), and their salts. The toxicity of arsenic
depends on its binding form. Organic arsenic compounds are
less toxic than inorganic arsenic compounds. Arsenic is car-
cinogenic and may cause lung cancer, bladder cancer, liver
cancer, renal cancer, and skin cancer. There is a continuing
interesting challenge in the trace determination of arsenic be-
cause of its high toxicity and ability to bioaccumulate in many
organisms and its abundance in all environmental compart-
ments[18–22]. The analytical methods that have been used
for the determination of arsenic in different materials (matri-
ces) are colorimetric methods, atomic (mass) spectrometry,
electrochemical methods, chromatographic methods, neu-
tron activation analysis and X-ray fluorescence spectrometry
[19–27]. Although atomic absorption spectrometry (AAS) is
a powerful analytical tool for the determination of trace el-
ements in a great number of samples, preconcentration and
separation are still necessary to improve the sensitivity and
selectivity. When CPE technique was used for the extraction
of metal chelates, flame AAS (FAAS) was by far the most
frequently used technique[11,28–30]. However, few reported
the application of CPE technique as a preconcentration step
for ETAAS [31,32]. The use of CPE as a preconcentration
step for the direct determination of trace As(III) by ETAAS
has not been reported before.

The purpose of the present work was to apply CPE as a
p III).
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2. Experimental

2.1. Instrumentation

A Solaar AA Series Spectrometer (Thermo Elemental,
USA), equipped with a GFS 97 graphite furnace, a GFS 97
furnace autosampler and a circulating cooling unit (Labtech
Ltd., 220 V/50 Hz, H90A) were used in all measurements.
Deuterium-arc background correction was employed to cor-
rect for non-specific absorbance. All measurements were
performed using integrated absorbance (peak area). An ar-
senic hollow cathode lamp (Beijing Shuguangming Elec-
tronic Light Sources Instruments Co. Ltd., Beijing, China)
was used as the radiation source at a wavelength of 193.7 nm
with a 11 mA lamp current and a 0.5 nm slit-width (low).
The injection volume was 20�L. Argon >99.995% (Tan-
gan Gas Co. Ltd., Beijing, China) was used as protective
and purge gas. Pyrolytically coated graphite tubes (Varsal
Instruments Co. Ltd., Beijing, China) were used through-
out. The detailed graphite furnace temperature program used
for the determination of As(III) is shown inTable 1. The
Solaar software was used to acquire and process spectral
data.

A thermostated water bath maintained at the desired tem-
peratures (Tianjin MinLi Science Instrument Co., Tianjin,
China) was used for cloud point temperature experiments and
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reconcentration step for ETAAS determination of As(
n the developed system, ammonium pyrrolidinedithioca
ate (APDC) was used as the chelating agent and T
-114 as the extractant. The proposed work offers man
antages such as low cost, safety and a high capacity to
entrate metal chelate. The present work avoided calc
ng As(III) by difference[32] and realized that the select
etermination of As(III) for the interference of As(V) w
egligible (Fig. 1). Potential factors affecting the CPE p
oncentration and the subsequent ETAAS determinatio
s(III) were investigated in detail.

ig. 1. Effect of pH on the cloud point extraction of 5.0�g L−1 As(III).
he values for relative integrated absorbance were calculated relative
ighest response (peak area). Other CPE conditions: 0.005% (w/v) A
.125% (v/v) Triton X-114, equilibration temperature 35◦C, equilibration

ime 9 min. ETAAS conditions as inTable 1.
he phase separation was assisted with a centrifuge (Sha
peration Apparatus Co., Shanghai, China).

.2. Reagents

All chemicals were at least of the analytical grade. D
ly deionized water (DDW, 18 M�cm) obtained from a Wa

erPro water system (Labconco Corporation, Kansas,
SA) was used throughout. Triton X-114 (Sigma) was u
s the non-ionic surfactant. Ammonium pyrrolidinedith
arbamate (APDC) (Sigma) was used as the chelating
o form the hydrophobic metal complexes. A 0.1% (w/v
PDC solution was prepared by dissolving suitable am
f APDC in DDW. The pH of the sample solution was

usted to pH 4.2 with HAc.
Stock standard solution of As(III) at a concentration

000 mg L−1 was prepared by dissolving appropriate amo
f As2O3 (Beijing Chemicals Co., Beijing, China) in 1
OH and adjusting the pH to 7.0 with 50% HCl. Worki

able 1
raphite furnace temperature program for the determination of As(II
PE

tage Temperature (◦C) Ramp (◦C/s) Hold (s) Ar flow rate
(mL min−1)

rying 80 10 60.0 200
yrolysis 550 150 20.0 200
tomization 1850 0a 3.0 0
leaning 2600 0a 3.0 200
a Ramp time is very short.
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standard solutions were prepared by stepwise diluting the
stock solutions just before use.

2.3. Samples

Three lake water and one river water samples were col-
lected locally. After sampling, the samples were filtered
through 0.45�m filter and analyzed immediately.

2.4. Procedures

For CPE preconcentration, aliquots of 10.0 mL of the so-
lution (pH 4.2) containing the analytes, 0.005% (w/v) APDC
and 0.125% (v/v) Triton X-114 were heated in a thermostat-
ted water bath at 35◦C for 9 min. The mixture was cen-
trifuged at 4000 rpm for 5 min for phase separation, and
then cooled in an ice-bath for 10 min to increase the vis-
cosity of the surfactant-rich phase. The supernatant aque-
ous phase was carefully removed with a pipette. Hundred
microliters of a solution containing 0.1 mol L−1 HNO3 in
methanol was added to the surfactant-rich phase (ca. 100�L)
to reduce its viscosity before ETAAS determination. A low-
density polyethylene (LDPE) vial with the volume of about
500�L was designed to place the sample solutions for the
autosampler.
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Fig. 2. Effect of the concentration of Triton X-114 on the cloud point ex-
traction of 5.0�g L−1 As(III). Other CPE conditions: 0.005% (w/v) APDC,
pH 4.2, equilibration temperature 35◦C, equilibration time 9 min. ETAAS
conditions as inTable 1.

complex was very low and changed a little. The interference
of As(V) was negligible. Considering the above two reasons,
pH 4.2 was used in the rest of the work.

The effect of Triton X-114 concentration was investigated
between 0.01 and 0.25% (v/v).Fig. 2shows variation of peak
area of the analytes as a function of the surfactant concentra-
tion. The absorbance of the analytes increased as the concen-
tration of Triton X-114 increased from 0.01 to 0.07% (v/v),
and leveled off between 0.07 and 0.20% (v/v). Black smoke
appeared with the increase in the concentration of Trition X-
114 >0.2% (v/v). So, a 0.125% (v/v) of Triton X-114 was
employed.

To achieve easy phase separation and preconcentration as
efficient as possible, optimal incubation time and temperature
are necessary to complete reactions. The effect of the equili-
bration temperature was investigated from 25 to 80◦C. It was
found that the CPE efficiency reach maximum in the range
of 30–40◦C. Over 40◦C, the CPE efficiency decreased prob-
ably due to the stability problems for chelates and chelating
agents[33]. So, an equilibration temperature of 35◦C was
used. Studies on the effect of the incubation time showed
that the maximum extraction efficiency was observed from
8 to 10 min for As(III), and further increase in the incuba-
tion time resulted in a significant decrease of the efficiencies
probably due to the thermal instability of the formed APDC
complexes. For the rest experiments, an incubation time
o tand
w tion
t ver
1

3

era-
t
1 sis
t ce
w ased,
. Results and discussion

.1. Factors affecting the CPE preconcentration

The CPE can be used for the preconcentration of meta
fter the formation of sparingly water-soluble comple
he CPE efficiency depends on the hydrophobicity of

igand and the complex formed, the apparent equilibr
onstants in the micellar medium, the kinetics of the c
lex formation, and the transference between the phases[33].

n this work, APDC was used as the chelating agent du
he highly hydrophobic nature of its metal complexes.
oncentration of APDC tested ranged from 0.001 to 0.0
w/v). The CPE efficiency for As(III) increased rapidly
he concentration of APDC increased from 0.001 to 0.0
w/v), then kept almost constant with further increase in
PDC concentration upto 0.025% (w/v). Therefore, a AP
oncentration of 0.005% (w/v) was employed for furt
xperiments.

Because pH plays a unique role in metal-chelate fo
ion and subsequent extraction[33], the pH of the samp
olution was the next critical factor evaluated for its ef
n the CPE preconcentration of As(III). The examined p
s(III) sample solution ranged from 2.4 to 11.5. As sho

n Fig. 1, the maximum absorbance for As(III) was achie
n the range of 3.6–5.7. In order to avoid As(V) interfere
nd selectively determine As(III), the pH of As(V) was a
xamined as inFig. 1 The pH of As(V) was in the rang
f 2.8–10.3, the preconcentration efficiency of As(V)–P
f 9 min was used. Further study is required to unders
hy the CPE efficiency for As(III) decreased as incuba

emperature over 40◦C and incubation time increased o
0 min.

.2. Pyrolysis and atomization curves

The pyrolysis temperature and atomization temp
ure were investigated in the range of 300–1000◦C and
500–2100◦C, respectively (Fig. 3). When the pyroly

emperature was close to 600◦C, the maximum absorban
as achieved. When the temperature was further incre
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Fig. 3. Pyrolysis curve and atomization curve for the cloud point extraction
of 5.0�g L−1 As(III). CPE conditions: 0.005% (w/v) APDC, 0.125% (v/v)
Triton X-114, pH 4.2, equilibration temperature 35◦C, equilibration time
9 min. ETAAS conditions as inTable 1.

the absorbance fell down. Increasing the atomization tem-
perature to 1850◦C, the absorbance reached to the maxi-
mum. So the pyrolysis temperature of 550◦C and atomiza-
tion temperature of 1850◦C were selected for the further
work.

3.3. Interference studies

The potential interference in the present system was inves-
tigated. The interference is due to the competition of other
heavy metal ions for the chelating agent and their subsequent
co-extraction with the As(III). To evaluate the selectivity of
the proposed method, the effect of typical potential interfer-
ing ions was investigated. The tolerable limit was taken as
a relative error≤±5%. The tolerable concentration ratio of
foreign ions to 5.0�g L−1 As(III) was found to be 40 for
Cu(II), Se(IV) and Hg(II), 3 for Fe(III), and 1 for Pb(II) and
Ni(II). To date, most of the studies conducted have shown
that ionic strength has no appreciable effect on the magni-
tude of CPE[33]. An increase in the ionic strength in the
micelle-mediated extraction systems does not seriously alter
the efficiency of extraction of the chemical forms[33]. The
quantitative recovery of the As(III) spiked in the lake water
and river water in our study also demonstrated no interference
from lake water and river water matrices.

Fig. 4. Time–absorbance profile of a standard solution of 5.0�g L−1 As(III)
under the optimal conditions. CPE conditions: 0.005% (w/v) APDC, 0.125%
(v/v) Triton X-114, pH 4.2, equilibration temperature 35◦C, equilibration
time 9 min. ETAAS conditions as inTable 1.

3.4. Analytical figures of merit

Analytical characteristic data of the proposed CPE-
ETAAS for As(III) were as follows. The precision (R.S.D.)
for 11 replicate determinations of 5.0�g L−1 of As(III) was
3.0%. The concentration factor, which is defined as the con-
centration ratio of analyte in the final diluted surfactant-rich
extract ready for ETAAS determination and in the initial solu-
tion was 36 for As(III). The linear concentration ranges were
from 0.1 to 20�g L−1 for As(III). The calibration function
wasA = 0.008 + 0.02C(six standards,n = 3) with a correlation
coefficient 0.998, whereC was the concentration of As(III)
in �g L−1. The detection limits, calculated according to 3s0/s
(3σ), wheres0 was obtained from the standard deviation for
11 replicate measurements of a blank solution, ands is the
slope of the calibration graph was 0.04�g L−1. Fig. 4is time
(s)–absorbance (peak area) profile of 5.0�g L−1 As(III) un-
der the optimal CPE and ETAAS conditions.

3.5. Application to real samples

The proposed method was also employed for the determi-
nation of As(III) in four local natural water samples involving
river water and lake water. The analytical results obtained by
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R 0.02
0.08

L 0.005
0.09

L 0.01
0.25

L 0.02
0.31
able 2
nalytical results for the determination of As(III) in water samples

amples Concentration (mean± �, n = 3) (�g L−1)

As(III) added (�g L−1) Determ

iver water 0 0.35±
3.0 3.59±

ake water 1 0 0.13±
3.0 3.06±

ake water 2 0 0.31±
5.0 5.36±

ake water 3 0 0.50±
5.0 5.49±
the present method Determined by a published method[23]

0.37± 0.01
3.40± 0.06
0.14± 0.005
3.13± 0.04
0.35± 0.01
5.33± 0.18
0.48± 0.01
5.42± 0.30
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the present method using a simple aqueous standard calibra-
tion technique are given inTable 2. The recoveries for As(III)
spiked in the natural water samples studied were calculated
to be in the range of 97–108%, indicating no interference
encountered from these sample matrices. The concentrations
of As(III) in the natural water and spiked natural water by
the present method were in good agreement with those deter-
mined by a flow injection on-line sorption preconcentration
coupled with hydride generation atomic fluorescence spec-
trometry[23].

4. Conclusions

This work demonstrates the routine ETAAS determina-
tion of (ultra)trace As(III) in water samples solutions by
CPE preconcentration. The detection limit of the present
CPE-ETAAS method for the determination of As(III) was
0.04�g L−1. It is lower than many published reports by
ETAAS [34–40]for As(III). As can be seen, CPE technique
employed can effectively improve the analytes sensitivity.
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C. Garćıa Pinto, J.L. Ṕerez Pav́on, J. Herńandez Ḿendez, J. Chro-
matogr. A 754 (1996) 85.

[14] A.-N. Tang, D.-Q. Jiang, Y. Jiang, S.-W. Wang, X.-P. Yan, J. Chro-
matogr. A 1036 (2004) 183–188.

[15] Q. Fang, M. Du, C.W. Huie, Anal. Chem. 73 (2001) 3502.
[16] R. Carabias-Martı́nez, E. Rodŕıguez-Gonzalo, J. Doḿınguez-Alvarez,
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