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a b s t r a c t

The simple and rapid pre-concentration techniques viz. cloud point extraction (CPE) and solid phase
extraction (SPE) were applied for the determination of As3+ and total inorganic arsenic (iAs) in surface
and ground water samples. The As3+ was formed complex with ammonium pyrrolidinedithiocarbamate
(APDC) and extracted by surfactant-rich phases in the non-ionic surfactant Triton X-114, after centrifu-
gation the surfactant-rich phase was diluted with 0.1 mol L−1 HNO3 in methanol. While total iAs in water
samples was adsorbed on titanium dioxide (TiO2); after centrifugation, the solid phase was prepared to
be slurry for determination. The extracted As species were determined by electrothermal atomic absorp-
tion spectrometry. The multivariate strategy was applied to estimate the optimum values of experimental
factors for the recovery of As3+ and total iAs by CPE and SPE. The standard addition method was used
to validate the optimized methods. The obtained result showed sufficient recoveries for As3+ and iAs
(>98.0%). The concentration factor in both cases was found to be 40.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Arsenic (As) is widely distributed in the environment, water,
soils, sediments and rocks in its different forms (As3+, As5+ and
organic species) [1]. The As is carcinogenic and may cause lung,
bladder, liver, renal and skin cancer [2–6]. Knowledge of the
speciation of As in natural water is important because the bioavail-
ability, physiological and toxicological effects of As depend on
its chemical form. Thus, it is most decisive to determine As
species rather than the total amount of As in water samples
[7–10].

In general, some direct instrumental techniques, such as
graphite furnace atomic absorption spectrometry (GFAAS), induc-
tively coupled plasma atomic emission spectrometry (ICP-AES)
and inductively coupled plasma mass spectrometry (ICP-MS), can
only yield total amount of As [11]. In order to obtain the data
about its chemical form, preliminary species separation and pre-
concentration are required before measurement by a sensitive
detection technique [12–15]. For the speciation of inorganic As, the
separation and pre-concentration methods reported in the litera-
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ture are usually based on hydride generation, solid phase extraction
(SPE), cloud point extraction, co-precipitation, ion exchange, chro-
matography and capillary electrophoresis [16,17]. Among them,
the cloud point extraction (CPE) technique was used for the extrac-
tion of As species (As3+ and As5+), based on the phase separation of
non-ionic surfactants in aqueous media [18–26]. For the determi-
nation of total inorganic As (iAs), the enrichment on solid phase
(sorbent) from liquid phase (sample solution) is used [27–33].
These sample pre-concentration methodologies are simple, low
cost, environmental friendly and provides high pre-concentration
factor.

Several means of optimization can be used for the extrac-
tion of metals from different matrices, but these methods are
time-consuming, because they required the study of each variable
separately. Procedures for optimization of factors by multivariate
techniques have been encouraged, as they are faster, more econom-
ical and effective and allow more than one variable to be optimized
simultaneously [34–36]. Among the different groups of designs,
Plackett–Burman design (PBD), introduced in 1946 by Plackett and
Burman [37] allow us to discover the most significant variables for
a certain system with only few experiments [38,39]. They are used
as a screening method in order to select the variables that have
influence on a system but they do not give the optimum value for
each variable. In order to obtain the optimum values for each sig-
nificant variable involved in a certain system, central composite
designs are frequently used for second-order RS modeling within k
factor experiments [40].

0003-2670/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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The aim of present study was to optimize and improve the CPE
and SPE methods using multivariate technique for the determina-
tion of As3+ and iAs in natural water (surface and ground water). The
accuracy of these methodologies has been validated by standard
addition method. Total As contents were also determined in stud-
ied water samples and validated by a certified reference material
of water (SRM 1643e). The optimized methodologies were applied
for the determination of As3+ and iAs in surface and ground water
samples of southern parts of Pakistan.

2. Experimental

2.1. Reagents and materials

The ultrapure water obtained form ELGA lab water system
(Buchs, UK) was used throughout. The extracting solutions were
prepared from analytical grade reagents and were checked for pos-
sible trace metal contamination. The stock standard solution of As3+

at a concentration of 1000 mg L−1 was prepared by dissolving of
As2O3 Merck (Darmstadt, Germany) in 1 M KOH and adjusting the
pH to 7.0 with 50% HCl. Working standard solutions were prepared
by stepwise diluting the stock solutions just before use. While the
working standard solutions for total As were prepared by dilu-
tion of certified standard solution (1000 mg L−1), obtained from
Fluka (Buchs, Switzerland) in 0.2 M HNO3. Triton X-114 Sigma was
used as the non-ionic surfactant. Ammonium pyrrolidine dithio-
carbamate (Fluka) was used as the chelating agent to form the
hydrophobic metal complexes. A 0.1% (w/v) of APDC solution was
prepared by dissolving suitable amount of APDC in ultrapure water.
Titanium (IV) dioxide (Merck, 99%, 0.5 �m) was utilized as a sor-
bent. The chemical modifiers Mg(NO3)2 stock standard solution,
2000 mg L−1, prepared from Mg(NO3)2 (Merck), and Pd stock stan-
dard solution, 3000 mg L−1, was prepared from Pd 99.999% Aldrich
(Milwaukee, WI, USA). The working solution of modifiers was pre-
pared by diluting 10 mL of each stock solution in 100 mL. The
standard reference materials SRM 1643e (water) was purchased
from National Institute of Standards and Technology (Gaithersburg,
MD, USA). The pH of the sample solution was adjusted with 0.1 M
HCl (Merck).

2.2. Instrumentation

A thermostatic water bath maintained at the desired temper-
atures (Gallankamp, Germany) was used to study temperature
effects on cloud point extraction. The phase separation was assisted
with a centrifuge ROWKA Laboratoryjna type WE-1, nr-6933
(Mechanika Phecyzyjna, Poland). Mechanical shaker (Gallankamp,
England) was used for shaking. A pH meter (Ecoscan Ion 6, Kuala
Lumpur, Malaysia) was employed for pH adjustments. A global
positioning system iFinder GPS (Lowrance, Mexico) was used for
marking the sampling locations. A programmable ultrasonic bath
model No. SC-121TH (Sonicor, Deep park, NY, USA) was used for
incubation with temperature ranging from 0 to 80 ◦C and intensi-
fication frequency 35 kHz.

The As3+ in CPE enriched micelle mediated phase and pre-
concentrated iAs contents were determined by a double beam
Perkin Elmer model A Analyst 700 (Norwalk, CT, USA) atomic
absorption spectrophotometer, equipped with a graphite furnace
HGA-400, auto sampler AS-800 and deuterium lamp for back-
ground correction. Single element hollow cathode lamp of As
operated at 7.5 mA was used as energy source. The arsenic sig-
nal was isolated at 193.7 nm with a spectral bandwidth of 0.7 nm
and atomization was achieved in a pyrocoated graphite tube with
integrated platform. The WinLab 32 software was used to acquire
and process analytical data. The graphite furnace heating program

was set for total As and iAs analysis as: drying, ashing, atom-
ization and cleaning as temperature ◦C/(ramp time in s/holding
time in s) (80–120/1/30, 300–600/10/20, 2200–2400/0/5 and
2400–2800/0/2), respectively. Whereas, for As3+ as (80–120/15/45,
550/160/20, 2000–2200/0/5 and 2200–2600/0/2), respectively.
For all determinations, argon (200 mL min−1) was used as a
purge gas except during the atomization step. The 10 �L of
(standard or sample volume) and 10 �L modifier (5 �g Mg
(NO3)2 + 3 �g Pd) were injected to electrothermal graphite atom-
izer.

2.3. Sampling and pretreatment

The water samples of different origin (surface and ground water)
were collected in 2007 on alternate month from 30 sampling sites
of each ecosystem of Sukkur, Sindh (southern part of Pakistan) with
the help of Global positioning system (GPS). The sampling net-
work was designed to cover a wide range of determinates of whole
district including surface and ground water sources. From each
sampling site, a fresh surface water samples (canal) were collected
from main stream of five to six different sampling points at the
depth of 20–30 cm. Whereas, the ground water samples (tube well,
depth > 60 m) and hand pump (depth > 15 m) were collected. The
samples were collected in Van Dorn plastic bottles (1.5 L capacity)
and were kept in well stoppered polyethylene plastic bottles pre-
viously soaked in 10% nitric acid for 24 h and rinsed with ultrapure
water. All water samples were stored in insulated cooler containing
ice and delivered on the same sampling day to laboratory for the
analysis of As3+ and iAs, to avoid risk of transformation of species
as reported elsewhere [41].

2.4. Analytical procedures

2.4.1. Determination of total As
Total As was determined in surface (canal) and ground (hand

pump and tube well) water samples pre-concentrated five times at
70 ◦C on an electric hot plate. The concentrated water samples were
filtered and kept at 4 ◦C till further analysis. For accuracy certified
reference sample of water (SRM 1643e), with certified value of total
As was treated as described in our previous work [42,43].

2.4.2. Cloud point extraction of As3+

The As3+ was determined by CPE, using a complexing reagent,
APDC and resulted complex was entrapped in Triton X-114. To opti-
mize CPE, six replicate of sub-samples (1–2 mL) of canal water,
spiked with and without known standards taken in PTFE tubes
(25 mL in capacity). The pH was set in the range of (2–6), added
0.001–0.01% (w/v) APDC and 0.05–0.2% (v/v) Triton X-114 to
the content of the tubes and heated in a thermostatic water
bath at 20–60 ◦C for 5–15 min. The mixture was centrifuged at
4000 rpm for phase separation (5 min) and then cooled in an ice-
bath for 10 min to increase the viscosity of the surfactant-rich
phase. The supernatant aqueous phase was carefully removed
with a pipette. For the formation of surfactant-rich phase, added
0.5 mL of 0.1 M HNO3 in methanol, to reduce its viscosity before
ETAAS determination at optimum condition as reported in Section
2.2.

2.4.3. Determination of total inorganic arsenic
The factorial design was carried out to determine the optimal

experimental conditions for total inorganic arsenic (iAs) by solid
phase extraction using TiO2 as adsorbent. To optimize the dif-
ferent analytical variables, six replicate of a sub-sample of canal
water in volume ranged (10–50 mL) were taken in flasks (100 mL
in capacity), with and without spiking known amount of analyte
and added solid TiO2 (10–30 mg) separately. Then adjusted the pH
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Table 1
Variables and levels used in the factorial design for As3+ and total iAs.

Variables Symbol Low (−) High (+)

Surfactant (%) S 0.05 0.2
Complexing agent (%) C 0.001 0.01
pH P 2 6
Incubation time (min) I 5 15
Temperature (◦C) T 20 60
Volume of sample (mL) V 1 2

Total inorganic arsenic (iAs)
Mass of adsorbent (mg) M 5 30
Temperature (◦C) T 20 60
pH P 1 4
Ultrasonic exposure time (min) U 5 15
Volume of sample (mL) V 10 50

(1–4) using 0.5 M HCl (Table 1). The flasks were placed inside the
ultrasonic water bath and were subjected to ultrasonic energy at
35 kHz for different ultrasonic exposure time interval (5–15 min).
The temperature range of ultrasonic water bath was 20–60 ◦C. The
sample solutions were centrifuged, to separate the solid residue,
then added 5 mL of ultrapure water and placed in ultrasonic bath
for 2 min to form slurry. Then slurry with modifier was injected
into a graphite tube by an autosampler. The same procedure was
applied for blank.

2.4.4. Estimation of As5+

The concentration of As5+ could not be determined directly
according to the above analytical procedure, but its concentration
was calculated as the difference of iAs and As3+.

2.5. Procedure used in the factorial design

2.5.1. The fractional factorial design test
For the evaluation of six and five factors for As3+ and

iAs, at two levels Plackett–Burman designs with only 16 and
eight experiments were described instead of the 26 = 64 and
25 = 32, respectively, required for full factorial designs. The
Plackett–Burman matrix shown in Tables 2a and 2b, where the low
(−) and high (+) levels are those specified in Table 1. The resulting
values for both experiments (1–16) and (1–8) being of six replicates
of each. The experimental data were evaluated with the help of
Minitab 13.2 (Minitab Inc., State College, PA, USA) and STATISTICA
computer program 2007.

2.5.2. Optimization plan
For optimization of proposed methods (CPE and SPE), a central

23 +star orthogonal composite design with 6 degrees of freedom

Table 2a
Design matrix and the results of As3+ %extraction (n = 6).

Experiments A (S) B (C) C (P) D (I) E (T) F (V) %Recovery

1 + − − − + − 50.2 ± 1.20
2 + + − − − + 71.1 ± 2.40
3 + + + − − − 54.9 ± 3.30
4 + + + + − − 67.1 ± 1.50
5 − + + + + − 98.9 ± 0.95
6 + − + + + + 47.2 ± 1.40
7 − + − + + + 70.4 ± 1.60
8 + − + − + + 25.7 ± 2.70
9 + + − + − + 45.6 ± 1.80

10 − + + − + − 42.4 ± 1.30
11 − − + + − + 28.5 ± 1.45
12 + − − + + − 41.5 ± 2.20
13 − + − − + + 46.6 ± 1.30
14 − − + − − + 23.5 ± 2.10
15 − − − + − − 33.5 ± 1.70
16 − − − − − − 26.5 ± 1.15

Table 2b
Design matrix and the results of iAs %extraction (n = 6).

Experiments A (M) B (U) C (P) D (T) E (V) %Recovery

1 + − − + − 98.8 ± 1.80
2 + + − − + 82.0 ± 2.14
3 + + + − − 60.0 ± 1.78
4 − + + + − 54.0 ± 2.84
5 + − + + + 72.0 ± 3.50
6 − + − + + 62.0 ± 1.55
7 − − + − + 40.0 ± 1.90
8 − − − − − 55.0 ± 2.20

Table 3a
Central 23 +star orthogonal composite design (n = 16) for the set of (S), (C) and (P) in
As3+.

Experiments A (S) B (C) C (P) (%) recovery

1 as0
bc0

cp0 98.8 ± 1.40
2 − − − 35.2 ± 1.20
3 + − − 39.5 ± 2.40
4 − + − 39.7 ± 1.60
5 + + − 62.5 ± 3.10
6 − − + 25.0 ± 2.50
7 + − + 28.5 ± 1.80
8 − + + 97.5 ± 2.20
9 + + + 51.4 ± 1.90

10 −s1
bc0

cp0 32.0 ± 2.80
11 +s2

bc0
cp0 66.7 ± 2.30

12 as0 −c1
cp0 42.0 ± 1.75

13 as0 +c2
cp0 68.4 ± 1.45

14 as0
bc0 −p1 18.0 ± 5.80]

15 as0
bc0 +p2 38.5 ± 4.50

16 as0
bc0

cp0 98.8 ± 2.50

Factors: 3, replicates: 6, design: 8, runs: 16, center points (total): 23 s1 = −0.001%,
s2 = 0.25%, as0 = 0.125% bc0 = 0.006%, c1 = −0.002%, c2 = 0.005% cp0 = 4.50, p1 = 0.63,
p2 = 7.3.

and involving 16 experiments were performed [44,45]. In present
work the statistically significant variables (S, C and P) and (M, U
and P) of CPE and SPE, respectively, were regarded as factors for
optimization experiment (Tables 3a and 3b).

2.5.3. Calibration and sensitivity
Calibration and standard addition graphs were obtained for

As3+ and iAs from the quantification limit up to 20 �g L−1 (seen in
Table 4). The limit of detection (LOD) was defined as LOD = 3 s m−1,
where s is the standard deviation corresponding to 10 blank injec-
tions and m is the slope of the calibration graph. The LOD values

Table 3b
Central 23 +star orthogonal composite design (n = 16) for the set of (M), (U) and (P)
in total iAs.

Experiments A (M) C (P) D (T) %Rrecovery

1 am0
bu0

cp0 99.2 ± 2.60
2 − − − 32.0 ± 2.50
3 + − − 41.0 ± 2.30
4 − + − 35.2 ± 1.90
5 + + − 62.4 ± 1.40
6 − − + 38.3 ± 2.20
7 + − + 46.6 ± 1.60
8 − + + 34.2 ± 1.40
9 + + + 86.7 ± 2.70

10 m1
bp

0
ct0 12.5 ± 3.40

11 +m2
bp

0
ct0 48.6 ± 4.20

12 am0 P1
ct0 22.2 ± 2.80

13 am0 +p2
ct0 68.8 ± 5.22

14 am0
bp0 −t1 22.7 ± 1.50

15 am0
bp

0
+t2 57.4 ± 1.20

16 am0
bp

0
ct0 99.5 ± 1.44

Factors: 3, replicates: 6, design: 8, runs: 16, center points (total): 23 m1 = 3.18 mg,
m2 = 36.8 mg, am0 = 20 mg, bp0 = 2.5, p1 = −0.02, p2 = 5.02, ct0 = 40 ◦C, t1 = 6.36 ◦C,
t2 = 73.6 ◦C.
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Table 4
Comparative data of Analytical characteristics of the SPE and CPE method for total inorganic arsenic (iAs) and As3+.

Concentration range (�g L−1) slope Intercept Correlation coefficient (r) LOD/LOQ (�g L−1) Precision aEF

iAs [27] 0.10–5.0 – – 0.9997 0.03/0.10 2.4% (n = 5) 20
This work 0.5–20 0.056 0.035 0.9998 0.02/0.066 <2.3% (n = 6) 40
As3+ [25] 0.1–20 0.008 0.02 0.998 0.04/0.13 3.0% (n = 11) 36
This work 0.2–20 0.278 0.152 0.999 0.03/0.11 <2.3% (n = 6) 40

a Enrichment factor.

Table 5
The results for tests of addition/recovery for As3+ and total iAs determination in water samples.

Sample Species Added concentration (�g L−1) Mean ± Std (�g L−1) %Recovery

Canal water, n = 6 As3+ 0.00 4.50 ± 0.10 –
2.5 6.94 ± 0.15 99.1
5.0 9.37 ± 0.21 98.6

10.0 14.3 ± 0.25 98.9
Total iAs 0.00 8.30 ± 0.15 –

2.5 10.6 ± 0.20 98.4
5.0 13.1 ± 0.26 98.8

10.0 18.1 ± 0.28 98.5

Validation for total arsenic (�g L−1)

Certified value of SRM 1643e Found values x̄ ∓ (ts/
√

n) %Recovery (% RSD)

60.45 ± 0.72 58.0 ± 1.65 97.4 (2.80)
Paired t-test: texperiment = 0.12, tcertical = 2.26 at 95% confidence limit (n = 6)

were 0.031 and 0.02 �g L−1 for As3+ and iAs, respectively. The com-
parative data of analytical characteristics (seen in Table 4) showed
that other parameters of SPE and CPE viz. correlation coefficient
(r), LOD/LOQ, precision and enrichment factor of present study was
comparatively better than previously reported works [25,27].

To check the accuracy of the methodologies, spiking was per-
formed in six replicate at three concentration levels (5, 10 and
20 �g L−1) of As3+ and iAs, for both methods separately (Table 5).
The accuracy of total As was also checked by using standard refer-
ence material SRM 1643e (Table 5).

3. Results and discussion

3.1. Optimization of experimental variables

Considering the CPE procedure, six factors [volume of surfac-
tant (S), mass of complexing agent (C), pH (P), incubation time (I),
temperature (T) and volume of samples (V)] were selected to opti-
mize the %recovery of As3+ (Table 2a). In same way, the variables
chosen for iAs were mass of adsorbent (M), temperature (T), pH
(P), ultrasonic exposure time (U) and volume of sample (V) with its
%recovery as analytical responses by factorial designs are shown
in Tables 2a and 2b. The data of both methods were evaluated by
analysis of variance (ANOVA) and visualized by using standardized
(p ∼ 95.0%) effects in Pareto chart (Figs. 1 and 2). The inference tests
showed that the results produced at a minimum t-value (95.0% con-
fidence interval) were 2.2 and 2.8 for As3+ and iAs, respectively. A
factor is significant, when the t-value for certain factor is higher
than the minimum observed t-values.

3.2. Estimated effects of variables for As3+ and iAs

As results shown in Pareto chart (Fig. 1) and Table 2a, the S, C
and P are significant factor for CPE of As3+. The %recovery of As3+

was found 47.2% in experiment 6, at (−) level of C, with optimum
values of other variables. The pH of the sample solution was the
next critical variable evaluated for its effect on the CPE of As3+. It
was observed that the %recovery of As3+ was about 45.6% at low
(−) level of pH (experiment 9), with maximum level of other two

significant variables, C and S. Whereas, the optimum recovery of
As3+ (98%) was observed in experiment 5, at (+) levels of C, P, I and T,
while at (−) levels of S and V (Table 2a). It can be seen in experiment
4, T at (−) level produced 67.1% recovery of As3+, while at (+) level in
experiment 5, optimum recovery of As3+ was obtained. The most
significant interaction between two variables was seen for A and
C, while least relation was observed between variable B and D as
shown in Pareto chart (Fig. 1).

For iAs the M, T and P were observed as the significant factors for
optimum %recovery using SPE method. The maximum recovery of
iAs (98.8%) was obtained in experiment 1, where M and T were at (+)
levels, while P at (−) level. The two variables M and T at low level (−)
shows that the recovery was only 40% in experiment 7, although C
and E were at maximum levels. The two order interaction between
A and C was found to be the most significant, whereas, least was
obtained between A and E as shown in Pareto chart (Fig. 2).

Fig. 1. Pareto chart (As3+) of the fractional factorial experimental design for the
analysis of the variables: (S) surfactant (Triton X-114); (C) complex (APDC); (P) pH;
(I) incubation time; (T) temperature; (V) volume.
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Fig. 2. Pareto chart (As total) of the fractional factorial experimental design for the
analysis of the variables: (M) mass of TiO2; (U) ultrasonic exposure time; (P) pH; (T)
temperature; (V) volume.

3.3. Optimization by central composite design for As3+ and iAs

Having screened out the variables that did not have significant
effect on the response of As3+ using six variables, the remaining
three factors C, S and P were optimized to provide the maximum
recovery. A central 23 +star orthogonal composite design with six
degrees of freedom and involving 16 experiments was performed,
to optimize these three variables. The variables that were shown to
be insignificant by Plackett–Burman design were taken at fix values,
volume of sample (2 mL), incubation time (10 min) and tempera-
ture (room temperature ∼30 ◦C). The experimental field definition
for this design is given in Table 1, while Table 3a shows the central
composite design together with the %response obtained for As3+

for six replicate.
It was observed that at low level (−) of C, the recovery of As3+

was 28.5% (experiment 7) while it was 97.5% at (+) level (experi-
ment 8, Table 3a). This step was not consistent with previous work,
who reported that 0.01% of APDC might be preventing the micelle
formation and the extraction efficiency [25]. Whereas, high (+) level
of surfactant (at experiment 9, Table 3a), showed 40.4% of As3+

recovery, indicated that high amount of the surfactant increased
the volume of the surfactant-rich phase that is acquired after cen-
trifugation of the analyte. Therefore, the high amount of surfactant
needed more solvent to reduce the viscosity, resulting in a loss of
sensitivity. The surfactant volume > 0.12% (w/v), deteriorating the
ETAAS signal. The pH is considered as third important factor for
metal-chelate formation [46], the results indicated that high recov-
ery of As3+ was obtained at pH > 2 (experiments 2 and 7), while, at
average value (cp0), pH 4.5, the maximum recovery is seen (exper-
iment 16, Table 3a). The study of estimated three dimension (3D)
surfaces response for variables [S–P] and [C–P] was estimated by
quadratic equation, indicated that the maximum %recovery of As3+

was observed at optimum values of complexing agent (0.007%), Tri-
ton X-114 (0.12%) and pH (4.5) as shown in Fig. 3a and b. As reported
by Sun and Yang [47], that inorganic species of As5+ not frequently
react with APDC, therefore, the interference of As5+ was negligible
[26]. The estimated pH 4.5 for CPE procedure by central composite
design was provided better results than previous study [25].

The central composite design matrices together with the
response were also employed for iAs (Tables 2b and 3b). The M
was a significant factor for %recovery of iAs by SPE method, which
has a strong interaction between T and P. So, these three fac-
tors were optimized to provide the maximum recovery of iAs. A

Fig. 3. Three dimension (3D) surface response for %recovery of As3+ by CPE: (a)
interaction b/w (pH-Triton X-114) and (b) interaction b/w (pH-APDC).

central 23 +star orthogonal composite design with 6 degrees of
freedom, involving 16 experiments were performed to optimize
these variables. The factors that were shown to be insignificant by
SPE method were taken at fix values, V (20 mL) and U (10 min). The
optimized study showed that the maximum %recovery of iAs was
achieved at average concentration of M (am0), as shown in experi-
ment 1 and 16 (Table 3b). It was also reported in literature that, the
high amount of TiO2 may damages the graphite tube [25]. For fur-
ther work, the optimum concentration (20 mg) of TiO2 was chosen
as a sorbent in the subsequent experiments. The other two signif-
icant variables D and C showed that optimum recovery of iAs was
obtained at average level of both factors, 40 ◦C and 2.5, respectively.

Our experimental data is consistent with literature reported
work that the adsorptions of ions on amphoteric oxides, such as
TiO2, proceeds when the pH of the solution is lower than the iso-
electric point of the oxide [23]. The estimation of three dimension
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Fig. 4. Three dimension (3D) surface response for %recovery of total As by TiO2-
slurry method: (a) interaction b/w (pH–mass of adsorbent) and (b) interaction b/w
(temperature–mass of adsorbent).

(3D) response surfaces for each pair of variables, [T–M] and [P–M]
were calculated by quadratic equation indicated that, M, T and P
were 17.6 mg, 40.7 ◦C and 2.1, respectively, were required for max-
imum %recovery of iAs [Fig. 4a and b]. The estimated values of
three significant variables are provided higher recovery of iAs than
literature reported work [27].

3.4. Interference study

To evaluate the selectivity of the proposed methods for determi-
nation of trace levels of As3+ and iAs, the effect of typical potential
interfering ions was investigated. The metallic ions, Na+ and Cl−

(1000 mg), Ca2+, Mg2+, K+, SO4
2− and PO4

3− (100 mg of each), Cu2+,
Co2+, Se4+, Ni2+, Fe3+, Al3+ and Zn2+(1.0 mg of each) were added
to 1000 mL of sub-sample of surface and ground water separately

Table 6
Foreign ions effect on the % recoveries of 5.0 �g L−1 of As3+ and total iAs.

Ion Concentration added,
mg L−1

%Recovery of
total iAs

%Recovery of
As3+

Na+ 1000 98 95
K+ 100 99.2 98
Ca2+ 100 96 95
Mg2+ 100 97 94
Cu2+ 1.0 99.3 100
Co2+ 1.0 108 112
Ni2+ 1.0 110 117
Fe3+ 1.0 96 94
Al3+ 1.0 97 95
SO4

2− 100 101 102
PO4

3− 100 103 105
Cl− 1000 95 96

and subjected to corresponding methods. An ion was considered
as interferent, when it caused a variation in the absorbance of the
sample greater than ±5%. The tolerance limits of various foreign
ions are given in Table 6. These results demonstrated that excess
amounts of common cations and anions do not interfere on the
determination of trace quantities of As3+ and iAs while nickel and
copper have positive effect (2–3%).

4. Applications

It is very important and necessary to determine trace amounts
of As species in water samples. The optimized methods were
employed for the determination of trace amounts of iAs and As3+

in 180 water samples of each involving canal, hand pump and tube
well collected from south-west part of Pakistan. For comparative
purposes total arsenic was also determined in all understudied
water samples. The mean concentrations of different species of
As expressed as x̄ ∓ ts/

√
n, (n = 180 for each sampling origin) are

shown in Table 7. The water bodies (especially underground) of
studied area are seriously contaminated with As due to frequently
use of pesticides and insecticides in agricultural lands as well as use
of untreated waste water sewage sludge for dressing the agricul-
tural land [47]. Due to unavailability of certified reference material
of water for inorganic As species, therefore, standard addition
method was used for validation and optimization of both methods.

The two set of six replicate sub-samples of a canal water,
spiking with standard solution at three concentration levels
(2.5–10 �g L−1) of As3+ and iAs and applied both methods, CPE and
SPE, respectively. The %recovery calculated as:

%recovery = Cafter spiking

Cinitial + Cspiked
× 100

Table 7
Analytical results of total As, total iAs, As3+ and As5+ in natural waters.

Sample Species Mean ± Std (�g L−1)

Canal water sample, n = 180 Total As 8.90 ± 2.80
Total iAs 8.40 ± 4.10
As3+ 4.80 ± 2.60
As5+ 3.60 ± 1.70

Hand pump water sample, n = 180 Total As 62.0 ± 41.0
Total iAs 58.0 ± 33.6
As3+ 24.5 ± 13.50
As5+ 33.7 ± 13.60

Tube well water sample, n = 180 Total As 38.8 ± 24.0
Total iAs 36.7 ± 22.2
As3+ 22.2 ± 12.3
As5+ 14.5 ± 8.40
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The recoveries for As3+ and iAs spiked in the canal water samples
studied were found to be >98% (Table 5), indicating no interference
encountered from these sample matrices.

The obtained results showed significant differences among the
concentration of different species of As in three sampling ori-
gins. All this provides evidence that anthropogenic and geological
environment play a key role in the distribution of inorganic As
species in understudy water bodies [48]. The concentration of iAs in
three studied origins was obtained in increasing order: canal < tube
well < hand pump (Table 7). The concentration of total As in canal,
hand pump and tube well water samples was observed in the
ranges of 6.10–11.7, 14.8–103 and 21.0–62.8 �g L−1, respectively.
Whereas, iAs was analyzed by SPE method was 5–10% lower than
total As, indicated the less availability of organic As in surface and
ground water, our results are consistent with other study [49]. The
elevated level of all species in ground water samples (hand pump
and tube well) might be due to the geological conditions [50]. But,
in canal water samples the ratio of As3+ contents were higher than
ground water samples (hand pump and tube well, Table 7), most
probably due to anthropogenic contaminations [51].

5. Conclusions

The proposed cloud point extract and solid phase extraction
methodologies for the determination of As3+ and iAs, respectively,
were successfully optimized by multivariate technique. The detec-
tion limits and enrichment factors of As3+ and iAs were better than
reported procedures [25,27]. The estimated values of three signif-
icant variables for CPE of As3+ were calculated from 3D surface
response by quadratic equation to be found as [pH (4.5), C (0.007%)
and S (0.12%)]. Whereas for SPE of iAs were estimated as [pH (2.1),
M (17.6 mg) and T (40.7 ◦C)]. The synchronized foreign ions interfer-
ences and influence of organic compounds in environmental water
sample using modifier (Pd + Mg (NO3)2) show that the method is
suitable for complicated matrix solutions. Speciation of arsenic in
surface and ground water plays an important role in understanding
arsenic exposure to human and animal health effects.
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