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The  phase-separation  phenomenon  of  non-ionic  surfactants  occurring  in  aqueous  solution  was  used  for
the extraction  of  lead  (Pb2+) from  digested  blood  samples  after  simultaneous  complexation  with  ammo-
nium  pyrrolidinedithiocarbamate  (APDC)  and  diethyldithiocarbamate  (DDTC)  separately.  The  complexed
analyte  was  quantitatively  extracted  with  octylphenoxypolyethoxyethanol  (Triton  X-114).  The  multi-
variate  strategy  was  applied  to  estimate  the  optimum  values  of  experimental  factors.  Acidic  ethanol  was
added  to  the  surfactant-rich  phase  prior  to  its  analysis  by  flame  atomic  absorption  spectrometer  (FAAS).

2+

loud point extraction
ead
mmonium pyrrolidinedithiocarbamate
iethyldithiocarbamate
ctylphenoxypolyethoxyethanol
lood

The  detection  limit  value  of  Pb for  the  preconcentration  of  10  mL  of  acid  digested  blood  sample  was
1.14  �g L−1.  The  accuracy  of  the  proposed  methods  was  assessed  by analyzing  certified  reference  material
(whole  blood).  Under  the  optimized  conditions  of  both  CPE  methods,  10 mL of Pb2+ standards  (10  �g L−1)
complexed  with  APDC  and  DDTC,  permitted  the  enhancement  factors  of  56 and  42,  respectively.  The
proposed  method  was  used  for determination  of  Pb2+ in  blood  samples  of  children  with  kidney  disorders
and  healthy  controls.
. Introduction

Lead, a naturally occurring element, has been an important
etal in human societies over many thousands of years. The low
elting point, flexibility and resistance to corrosion significantly

nhance its strength and durability, accounting for its widespread
se. However, Pb2+ is toxic to humans affecting the hemopoietic,
ervous, cardiovascular, reproductive systems and the urinary tract
1–5]. Up to now, no health benefits to humans have been reported
or Pb2+ or its compounds. It is found almost everywhere in the
nert environment and in all biological systems [6].

Being a hazardous element, trace and ultra trace determinations
f Pb2+ in biological samples have become of increasing inter-

st [7].  Several analytical techniques such as atomic absorption
pectrometry (AAS), inductively coupled plasma optical emission
pectrometry and inductively coupled plasma mass spectrometry
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are available for the determination of trace metals with suffi-
cient sensitivity for most of applications [8].  The analysis of trace
element concentrations in biological media, especially biological
fluids, might be considered a difficult analytical task, mostly due
to the complexity of the matrix and the low concentration of these
elements, which requires sensitive instrumental techniques and
often a preconcentration step [9–11]. Pre-concentration can solve
these problems and allows easy determination of the trace ele-
ments by less sensitive, but more accessible instrumentation such
as flame atomic absorption spectrometry (FAAS) [12]. Various tech-
niques including liquid–liquid extraction (LLE), coprecipitation, ion
exchange, cloud point extraction (CPE), and solid phase extraction
(SPE) have been proposed for preconcentration of trace elements
[13–16].  Among these, liquid–liquid extraction has been used for
decades. The traditional liquid–liquid extraction and separation
methods are usually time-consuming and require quite large vol-
umes of high purity solvents. Of additional concern is the disposal
of the solvents used, which creates a severe environmental crisis.
In this sense, cloud point extraction (CPE) is an interesting and effi-
cient option as it reduces the use and exposure to solvents, the

disposal costs and the extraction time [7].  CPE is based on the
phase behavior of non-ionic and zwitter ionic surfactants in aque-
ous solutions, which exhibit phase separation after an increase in
temperature or the addition of a chelating agent [17].
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Fig. 1. Structure of ligand: (a) PDC and (b) DDTC.

Factors that are important in the formation of the CPE include
urfactant concentration, temperature and the choice of a compat-
ble pH buffer and/or the maintenance of the needed ionic strength
or the aqueous phase. The last two factors could have a critical
ffect in the formation of the metal chelate and on the stability
f the chelate. Once the aqueous system of the surfactant reaches
he critical micelle concentration (CMC) under a warmer temper-
ture condition, the well-organized phase of CM can be separated
rom the aqueous phase on cooling. This is often referred to as the
loud point (CP). The process of the separation of the CM phase is
n effective means of taking the metal chelates from the aqueous
hase. CPE is a powerful approach comparable with other estab-

ished methods. Preconcentration procedures based on CPE have
een extensively applied to preconcentrate metallic ions [18]. The
se of CPE has presented several advantages, such as excellent con-
entration factors, lower cost, higher safety and simplicity, and it
oes not need to handle a great volume of organic solvent that is
enerally toxic [19].

Most procedures proposed by analytical chemists are opti-
ized by development of univariate methodology (one variable

t each time). This simple optimization methodology is sup-
osed to have an easier interpretation. However, this process
equires a large number of experiments and expends a great
mount of reagent, time and is only valid if the variables to be
ptimized do not interact [20,21]. Procedures involving optimiza-
ion by multivariate techniques have been increasingly used as
hey are faster, more economical and effective, and allow more
han one variable to be optimized simultaneously [22,23].  Among
he different groups of designs, Plackett–Burman designs (PBDs),
llow us to discover the most significant variables for a cer-
ain system with only few experiments [24]. The interest on the
se of such optimization method and PBDs has been applied to
ptimize some sample pre-treatments [25]. This paper reports
he results obtained in a study of the CP simultaneous pre-
oncentration of Pb2+ after the formation of complexes with salts
f pyrrolidinedithiocarbamate (PDC) and diethyldithiocarbamate
DDTC) (Fig. 1a and 1b). Nonionic surfactant octylphenoxy-
olyethoxyethanol (Triton X-114) was used as extractant and then
nalyzed by FAAS. The proposed method is also applied to the
etermination of Pb2+ in blood samples and certified reference
aterial (CRM), Clincheck control-lyophilized human whole blood

Recipe, Munich, Germany), to check the accuracy of methodol-
gy.

Lead constitutes a ubiquitous health hazard in industrial-
zed countries, and particularly threatens young children by
dversely affecting neuropsychological development [26]. Chil-
ren in less developed countries are both more vulnerable to
eurodevelopmental delays (because of endemic disease, caloric
nd micronutrient deficiencies, and limited resources for early
ntervention) and less likely to be examined for toxic exposures,
ncluding Pb2+ [27,28].  However, there is accumulating evidence

hat Pb2+ exposures in urban areas of developing nations are
mong the highest in the world [29,30]. Longstanding occupa-
ional exposure to Pb2+ may  cause chronic nephrotoxic effects
aterials 192 (2011) 1132– 1139 1133

consisting mainly in a decline of the glomerular filtration rate
possibly leading to end stage renal insufficiency [31]. Human
exposure to Pb2+ is mainly from food and environment. Previ-
ous studies have indicated that asymptomatic Pb2+ exposures
can result in chronic toxicity manifestations, such as hyperten-
sion, kidney impairment, and cognitive disturbances [32]. Among
children, lead has been associated with reduced hematocrit vol-
ume, lower intelligence (>10 �g dL−1), mild behavioral disorders
(range of 10–20 �g dL−1), reduced neural conduction velocity
(range of 13–97 �g dL−1) and peripheral neuropathy (range of
60–136 �g dL−1) [33].

2. Experimental

2.1. Reagents

Ultrapure water obtained from an ELGA labwater system (Bucks,
UK) was  used throughout the study. Concentrated nitric acid (65%)
and hydrogen peroxide (30%) were obtained from Merck (Darm-
stadt, Germany). Working standard solutions of Pb2+ were prepared
immediately before their use, by stepwise dilution of certified stan-
dard solution (1000 mg  L−1) Fluka Kamica (Buchs, Switzerland),
with 0.2 mol  L−1 HNO3. The ammonium pyrrolidinedithiocarba-
mate and diethyldithiocarbamate were obtained from (Fluka); both
reagents were prepared by dissolving appropriate amount of these
reagents in 10 mL  ethanol (Merck) and diluting to 100 mL with
0.01 mol  L−1 acetic acid. The nonionic surfactant Triton X-114 was
obtained from Sigma (St. Louis, MO,  USA) and was  used without
further purification. A 2% (v/v) nonionic surfactant solution was
prepared by dissolving 2 mL  of Triton X-114 (Merck) in 100 mL  dis-
tilled water. A stock buffer solution was  prepared by dissolving
appropriate amounts of acetic acid and its sodium salt in ultrapure
water, and solutions were prepared with 0.1 mol L−1 HNO3/NaOH.
All materials and glassware used for Pb2+ analyses were kept in
10% HNO3 for at least 24 h and subsequently rinsed four times in
ultrapure water.

2.2. Apparatus

A PEL domestic microwave oven (Osaka, Japan), programmable
for time and microwave power from 100 to 900 W,  was used for
digestion of blood samples. A pH meter (Ecoscan Ion 6, Malaysia)
was  employed for pH adjustments. Centrifugation was carried out
using a WIROWKA Laboratoryjna type WE-1, nr-6933 centrifuge
(speed range 0–6000 rpm, timer 0–60 min, 220/50 Hz, Mechanika
Phecyzyjna, Poland). A Perkin-Elmer Model A Analyst 700 (Nor-
walk, CT) flame atomic absorption spectrophotometer was used.
The hollow cathode lamp of Pb was run under the conditions sug-
gested by the manufacturer. A single element hollow cathode lamp
was  operated at 7.5 mA and spectral bandwidth of 0.7 nm.  The ana-
lytical wavelength was  set at 283.3 nm. The acetylene flow rate and
the burner height were adjusted in order to obtain the maximum
absorbance signal.

2.3. Sampling

Blood sampling was carried out at civil hospital in Karachi. Great
care was taken with the washing of the children’s hands first with
soap and tap water, rinsing with distilled water, then wiping with
alcohol. Blood was taken by venepunctures after the application
cream to reduce the pain produced, collected into metal-free safety
vacutainer blood collecting tubes (Becton Dickinson, Rutherford,
USA) containing >1.5 mg  K2EDTA L−1.
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Table 1
Variables and levels used in the factorial design for APDC (ammonium pyrro-
lidinedithiocarbamate) and DDTC (diethyldithiocarbamate).

Variables Symbol Low (−) High (+)

Surfactant (%) S 1 2
Complexing agent (% APDC) L1 0.05 0.3
pH  (APDC) P1 1 4
Complexing agent (% DDTC) L2 0.02 0.1
pH  (DDTC) P2 2 8

2
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D

Incubation time (min) I 5 20
Temperature (◦C) T 30 60

.4. Sample preparation

Triplicate sample of whole blood (0.2 mL)  were directly taken
nto polytetrafluoroethylene (PTFE) flasks. Three milliliters of a
reshly prepared mixture of concentrated HNO3–H2O2 (2:1, v/v)
as added and kept for 10 min  at room temperature. This was

hen heated following a 1-stage digestion programmed at 80%
f total power (900 W),  1–2 min  for blood samples. The resulting
igested semidried mass was diluted up to 10 mL  with 0.1 mol  L−1

oncentrated HNO3. A blank extraction (without sample) was  car-
ied out through the complete procedure. The concentrations were
btained directly from calibration graphs after correction of the
bsorbance for the signal obtained from an appropriate reagent
lank. To establish the validity of our results we  used the certi-
ed samples of whole blood. All experiments were conducted at
oom temperature (30 ◦C).

.5. Cloud point extraction

For preconcentration method, aliquots of 10 mL  standard solu-
ions containing Pb2+ in the range of 5.0–20.0 �g L−1, six replicate
amples of 10 mL  of acid digested CRMs, and duplicates of each
lood samples were transferred into centrifuge tubes with glass
topper (25 mL  in capacity). For CPE, adding 1.0 mL  of ligand
(0.05–0.3)APDC/(0.02–0.1%)DDTC}, 1.0 mL  of (0.2–1%, v/v) Tri-
on X-114; and adjusting the pH range (1–4) and (2–8) for APDC
nd DDTC, respectively, by the addition of 0.1 mol  L−1 HCl/NaOH
olution in acetate buffer. The tubes were kept in thermo-stated
ater bath at 30–60 ◦C for 5–20 min. After different time inter-

als separation of the two phases was achieved by centrifuging

t 3500 rpm for 10 min. The contents of tubes were cooled in an
ce-bath, the surfactant-rich phase became viscous, and the upper
queous phase was decanted. To decrease the viscosity of extracts,
.5 mL  acidic ethyl alcohol (0.1 mol  L−1 HNO3) was added, and the

able 2
esign matrix and the results of % extraction (n = 5), APDC and DDTC.

Experiment No. L1/L2 P S 

1 + − − 

2  + + − 

3  + + + 

4  + + + 

5  − + + 

6 +  − + 

7  − + − 

8  + − + 

9  + + − 

10  − + + 

11 − − +  

12  + − − 

13  − + − 

14 −  − + 

15  − − − 

16 −  − − 
aterials 192 (2011) 1132– 1139

extracted solutions were introduced into the flame by conventional
aspiration. The duplicate blanks of both complexing reagents were
prepared simultaneously without addition of samples and stan-
dards.

2.6. Experimental design

2.6.1. Plackett–Burman design
The Plackett–Burman design (PBD) was  used as a screening

approach with the aim of establishing the significant factors that
influence the CPE of Pb2+ in aqueous extracts of digested blood
samples using two complexing reagents. To evaluate the optimum
levels of factors for two  complexing reagent separately at two levels
Plackett–Burman designs with only 16 experiments were described
instead of the 25 = 32, required for full factorial designs. The lower
(−) and high (+) levels are specified in Table 1, while optimiza-
tion by Plackett–Burman matrix is shown in Table 2. The resulting
values for experiment (1–16) 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 pro-
gram 2007. The application of this experimental design reduced the
development time of the methods and provided less ambiguous
extraction conditions, hence facilitating data interpretation.

2.6.2 Central 23+ star orthogonal composite design

To screen out the variables that have not significant effects on
the recovery of analyte understudy, the remaining three factors in
both cases were optimized to provide the maximum Pb2+ recovery.
A central 23+ star orthogonal composite design with six degrees of
freedom and involving 16 experiments was  performed to optimize
the variables, i.e., APDC (L1) and DDTC (L2) with pH (P) and heat-
ing temperature (T) for % recovery of Pb2+ in understudy samples
(Tables 3a and 3b). The factors that were shown to be insignificant
by the PBD were fixed at convenient values as incubation time of
10 min  and surfactant concentration of 1%.

3. Results and discussion

3.1. Optimization of experimental variables

Optimization of experimental variables are shown in Table 2,

and visualized by using a standardized effect (p = 95.0%) in Pareto
charts (Fig. 2a and 2b), respectively. It was observed that ligands (L1
and L2), pH and temperature have significant effects on % recovery
of Pb2+. The inference tests showed that the results produced at a

T I % Recovery

APDC DDTC

− + 94 ± 3 96 ± 4
− − 41 ± 1 22 ± 3
− − 48 ± 2 22 ± 4
+ − 31 ± 2 17 ± 1
+ + 23 ± 4 19 ± 4
+ + 46 ± 3 35 ± 3
+ + 42 ± 4 18 ± 2
− + 71 ± 2 68 ± 5
+ − 42 ± 2 32 ± 3
− + 41 ± 1 26 ± 6
+ − 42 ± 5 36 ± 2
+ + 60 ± 3 58 ± 1
− + 43 ± 4 28 ± 5
− − 58 ± 4 38 ± 6
+ − 47 ± 2 36 ± 4
− − 52 ± 4 37 ± 3



F. Shah et al. / Journal of Hazardous Materials 192 (2011) 1132– 1139 1135

Table  3a
Central 23+ star orthogonal composite design (n = 16) for the set of (L1), (P1) and (T)
in  APDC.

Experiments A (L1) B (P1) C (T) % recovery

1 Lo Po To 98.0 ± 2.2
2  + − − 53.0 ± 3.4
3  − + − 28.0 ± 2.2
4  + + − 39.0 ± 3.2
5  − − + 31.0 ± 4.2
6 + − + 42.0 ± 1.6
7 − + + 12.0 ± 2.3
8 + + + 41.0 ± 5.1
9  − + − 24.0 ± 3.2

10  −L1 Po To 11.0 ± 2.9
11  +L2 Po To 51.0 ± 1.8
12 Lo −P1 To 2.0 ± 3.4
13 Lo +P2 To 48.0 ± 3.3
14  Lo Po T1 35.0 ± 1.8
15 Lo Po +T2 25.0 ± 6.7
16  Lo Po To 97.0 ± 2.9

L1 = −0.052%, L2 = 0.452%, Lo = 0.2%, P1 = 0.023, P2 = 5.023, Po = 2.5, T1 = 19.8 ◦C,
T2 = 70.2 ◦C, To = 45.0 ◦C.

Table 3b
Central 23+ star orthogonal composite design (n = 16) for the set of (L2), (P2) and (T)
in  DDTC.

Experiments A (L2) B (P2) C (T) % recovery

1 Lo Po To 97.2 ± 3.5
2  − − − 26.0 ± 2.1
3  + − − 34.0 ± 3.2
4  − + − 64.0 ± 2.2
5  + + − 60.0 ± 3.6
6 − − + 45.0 ± 3.8
7  + − + 32.0 ± 2.9
8 − + + 54.0 ± 4.6
9  + + + 58.0 ± 1.5

10  –L1 Po To 12.0 ± 2.3
11 +L2 Po To 89.0 ± 3.7
12  Lo −P1 To 6.0 ± 2.8
13 Lo +P2 To 22.0 ± 6.5
14  Lo Po T1 65.0 ± 6.5
15  Lo Po +T2 58.0 ± 5.2
16  Lo Po To 97.4 ± 2.7

L
T

m
L

3

t
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t
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P

1 = 0.01%, L2 = 0.13%, Lo = 0.05%, P1 = 0.045, P2 = 10.0, Po = 4.5, T1 = 19.8 ◦C, T2 = 70.2 ◦C,
o = 45.0 ◦C.

inimum t-value (95.0% confidence interval) were 2.6 and 2.3 for
1 and L2, respectively.

.2. Estimated effects of variables

The significant effects of ligands separately with other parame-
ers on Pb2+ recoveries are shown in Table 2. The resulting values
1–16) are being the % recoveries of Pb2+ in 10 mL  of working stan-
ard solution containing 10 �g L−1 of Pb2+ standard (average values
f six replicates) complexing with APDC (L1) and DDTC (L2). From
he results of the PBD (Table 2), it is clearly observed for Pb2+ recov-
ries, the most significant effects were found for ligands (APDC
nd DDTC), pH and temperature. ANOVA test was  used in order
o identify the effect of individual factors and their interactions.
he recovery was defined as the dependent variable and the five
elected factors as independent variables in this test.

In experiment 1, 94% and 96% Pb2+ recoveries were observed
t maximum (+) level of L1 and L2, respectively, while other fac-
ors, i.e., pH, surfactant, and temperature were at their lower (−)
evel (Table 2). It can be seen in experiment 2, that the pH are

t higher level while other three parameters are at lower level,
he recoveries of Pb2+ were 41% and 22%, which indicates that pH
as a significant effect on complexation of Pb2+ with L1 and L2.
yrrolidine dithiocarbamic acid and diethyl dithiocarbamic acid are
Fig. 2. Pareto chart of the standardized effects (a) For L1 (APDC) and (b) for L2 (DDTC).

weak acids with dissociation constants, [Ka = 10−3.2 (pKa = 3.2)] and
[Ka = 4.0 × 10−4 (pKa = 4)], respectively. As the solubility of the com-
plexes are pH-dependent. For pH values greater than pKa solubility
will be minimum while for pH values smaller than pKa solubility
will be increased proportionally with the acidity of the medium.

The influence of incubation time was  not significant, while high
temperature showed negative effect on Pb2+ recovery. Experiment
12 indicates this negative effect, where at higher temperature the
Pb2+ recoveries were 60% and 58% for L1 and L2, respectively.
The significant effects of understudy variable on the % recovery
of Pb2+ was  found in decreasing order of understudy variable,
pH > T > L > S > I (Fig. 2a and 2b). Three order interactions between
variables pH, T and L presented significant effects on the % recovery
of Pb2+ (p < 0.01). The selected levels of incubation time and sur-
factant concentration for the proposed CPE procedure showed no
significant effect (p = 0.315).

3.3. Optimization by central composite designs

Having screened out the variables that have not any significant

effect on the response, the remaining three factors were optimized
to provide the maximum metal recovery. The incubation time and
surfactant concentrations are insignificant for all cases, so the less
significant variables (after PBD) were fixed at convenient values,
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ig. 3. Three dimension (3D) surface response for % recovery of Pb2+ by CPE: (a)
nteraction b/w %APDC and pH, and (b) interaction b/w %APDC and temperature
◦C).

.e., incubation time of 10 min, surfactant concentration of 0.2% for
ll cases. Tables 3a and 3b show the central composite designs for
oth ligands separately with % recoveries obtained for Pb2+. The
tudy of estimated response surfaces for variables, [L1 and L2]/[P]
nd [L1 and L2]/[T], showed their optimum values for recovery of
b2+ as shown in Figs. 3 and 4(a and b). The comments for each
igand are the following.
.3.1. Effect of APDC
Concentration of APDC [L1] has significant effect on % recovery of

b2+ from standard and real samples (Table 3a). It was observed that
t optimized levels of all three variables (Lo, Po and To), recovery of
Fig. 4. Three dimension (3D) surface response for % recovery of Pb2+ by CPE: (a)
interaction b/w %DDTC and pH, and (b) interaction b/w %DDTC and temperature
(◦C).

Pb2+ was 98% (experiments 1 and 16). It can be seen in experiments
15 and 13, that the extraction efficiency of Pb2+ was decreased at
higher temperature (70 ◦C) and high pH value (pH 5.02), respec-
tively. After plotting three dimension (3D) response surfaces for
L1 − P and L1 − T, calculation obtained through quadratic equation
indicated that maximum Pb2+ recovery was  obtained at optimum
values of complexing agent L1 (0.25%), temperature (46.08 ◦C) and
pH (2.44) as shown in Fig. 3a and b.
3.3.2. Effect of DDTC
Concentration of DDTC [L2] with other two variables pH [P] and

temperature [T] had significant effect on % recovery of Pb2+ from
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Table  4
Effect of interfering ions on the recovery of Pb2+ in both ligands.

Ions Tolerance limit
(mg  L−1)

% recoverya

L1 L2

Na+ 10,000 98 ± 1 98 ± 2
K+ 5000 100 ± 2 99 ± 2
Ca2+ 5000 99 ± 2 95 ± 1
Fe3+ 1000 95 ± 3 96 ± 3
Mg2+ 1000 98 ± 1 95 ± 3
Co2+ 100 96 ± 2 97 ± 2
Cd2+ 100 96 ± 1 99 ± 2
Ni2+ 100 94 ± 3 96 ± 1
Cu2+ 100 95 ± 3 96 ± 2
Mn2+ 100 97 ± 2 95 ± 1
Cr3+ 50 98 ± 1 97 ± 2
Cl− 10,000 96 ± 3 97 ± 1
F− 100 97 ± 1 95 ± 3
NO3− 100 95 ± 2 96 ± 1
SO 2− 1000 96 ± 1 95 ± 1

s
o
r
r
w
F
a

3

t

T
D

T
C

K
5
b
n

4

PO3
4− 1000 98 ± 1 95 ± 1

a Mean ± standard deviation (x ∓ s).

tandard and real samples. It was observed that at optimized levels
f all three variables (Lo, Po and To); recovery of Pb2+ was found in
ange of 97.2–97.4% (experiments 1 and 16). Three dimension (3D)
esponse surface plots for each pair of variables, [L2 − P] and [L2 − T]
ere made and quadratic equation was used for further calculation.

ig. 4a and b shows that at optimum values of L2 (0.07%), pH (4.52)
nd T (45.4), maximum recovery of Pb2+ was observed.
.4. Effect of interference

Experiments were performed to discover the degree to which
he proposed method is affected by the presence of elements known

able 5
etermination of Pb2+ in certified sample, �g L−1 (CRM) (n = 10).

x ∓ s 

Without preconcentration 103.0 ± 16.8a (16.25)c

L1 103.2 ± 7.1 (6.88) 

L2 102.1 ± 8.9 (8.74)

a Mean ± standard deviation (n = 6), tCritical = 2.57
b XXX % recovery = [experimental value]/[certified value] × 100
c Values in parentheses () % of relative standard deviation.

able 6
omparison with other previously reported methods.

Sample Ligand Surfactant 

Human saliva – PONPE 7.5 

Water samples Pyrogallol Triton X-114 

Water samples 5-Br-PADAP Triton X-114 

Certified biological samples DDTP Triton X-114 

Biological/water samples DDTP Triton X-114 

Urine samples DDTP Triton X-114 

Biological/water samples PMBP Triton X-114 

Water samples BCB Triton X-114 

Mineral water PAN Triton X-114 

Biological/environmental samples AMTD Triton X-114 

Environmental samples BIES Triton X-114 

Water/food samples 1-PTSC Triton X-114 

Water samples – PONPE 7.5 

Food  samples Me-BTABr Triton X-114 

Blood  samples APDC Triton X-114 

DDTC 

ey: 2-amino-5-mercapto-1,3,5-thiadiazole (AMTD), brillant cresyl blue (BCB), bis
-(diethylamino)-phenol (5-Br-PADAP) O,O-diethyldithiophosphate (DDTP), Graphi
enzothiazolylazo)]-4-bromophenol (Me-BTABr) 1-(2-pyridylazo)-2-naphtol (PAN), 1
onylphenylether (PONPE 7.5), 1-phenylthiosemicarbazide (1-PTSC).
aterials 192 (2011) 1132– 1139 1137

to  interfere with the formation of Pb2+ complexes and its determi-
nation by FAAS. For these studies, different amounts of foreign ions
were added to standard solution of 10 �g L−1 of Pb2+ and the rec-
ommended procedure was  followed. The recoveries of Pb2+ ions in
these studies were higher than 95%. The tolerable limit was  defined
as the largest amount of foreign ions that produced an error not
exceeding 5% in the determination of Pb2+. The recoveries of Pb2+

were almost quantitative in the presence of all interfering ions in
both experiments, shown in Table 4. This proved the applicability
of the proposed methods to determine Pb2+ in blood samples.

3.5. Analytical figure of merit

The calibration graph for preconcentration of Pb2+ with L1
and L2 were linear with a correlation coefficient of 0.990–0.981,
respectively at the range of 5–20 �g L−1. Regression equation for
Pb2+-APDC obtained as Abs = 7.6683 (Pb2+ �g L−1) − 0.0113, and
Pb2+-DDTC as Abs = 5.7708 (Pb2+ �g L−1) + 0.155. In order to deter-
mine the enhancement factor (EF), analytical curves were prepared
without CPE. The calibration equation obtained was  Abs = 0.1362
(Pb2+ �g L−1) + 0.0202 (R2 = 0.999). The experimental enhancement
factors calculated as the ratio of slopes of the calibration graphs
with and without pre-concentration were 56 and 42 for Pb2+

complexed with L1 and L2, respectively. The limit of detection
(LOD) and limit of quantification (LOQ) were calculated as under
3 and 10s/m,  respectively, where s is the standard deviation of
ten measurements of the blank and m is slope of the calibration
graph. The LOD and LOQ were calculated as 1.14 and 3.8 �g L−1,
respectively. The analytical characteristics, precision of methods,

expressed as the % relative standard deviation (% RSD) of a mini-
mum 6 independent analyses of certified reference material (CRM),
after CPE of Pb2+ using L1 and L2 was  found to be 6.88% and 8.74%,
respectively.

% recoveryb tExperimental Certified value

98.1 0.342 105.0 ± 24.1
98.5 0.234
97.1 0.087

EF LOD Technique References

67 – FAAS [36]
72 0.4 �g L−1 FAAS [37]
50 0.08 �g L−1 GFAAS [38]
18 40 ng g−1 GFAAS [39]
18 40 ng g−1 GFAAS [40]
16 0.04 �g L−1 GFAAS [41]

110 1.49 �g L−1 FAAS [42]
25 7.5 �g L−1 FAAS [43]
21 0.43 �g L−1 TS-FF-AAS [44]
29 1.6 �g L−1 FAAS [45]
39 2.8 �g L−1 FAAS [46]
25 3.42 �g L−1 FAAS [47]

150 0.09 �g L−1 USN-ICP-OES [48]
17 0.7 �g L−1 FAAS [49]
56 1.14 �g L−1 FAAS Present work
42

((1H-benzo [d] imidazol-2yl)ethyl) sulfane (BIES), 2-(5-bromo-2-pyridylazo)-
te furnace atomic absorption spectrophotometer (GFAAS), 2-[2′-(6-methyl-
-phenyl-3-methyl-4-benzoyl-5-pyrazolone (PMBP), polyethyleneglycolmono-p-
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Table 7
The concentration of Pb2+ in blood samples of renal dysfunction and healthy control
subjects (�g L−1).

Subjects Boys Girls

Healthy controls (n = 65) 63.0 ± 26.2a 6.18 ± 2.49
With renal dysfunction (n = 35) 286 ± 81.9 271 ± 78.3
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tion and flame atomic absorption spectrometry, Cent. Eur. J. Chem. 7 (2009)
a Mean ± standard deviation (x ∓ s).

Extraction recovery (ER) was calculated according to the follow-
ng given equation:

R = msurfactant

maq
= Csurfactant × Vsurfactant

Caq × Vaq
× 100

here msurfactant and maq are the analyte masses in final surfactant
hase and initial concentration in the sample solution, Csurfactant
nd Caq are the analyte concentrations in surfactant phase and in
he aqueous phase, respectively. Vsurfactant and Vaq are the con-
erned volumes of the phases [34]. An extraction recovery of 99.9%
as achieved at the optimum experimental conditions.

The consumptive index (CIn) can be defined as:

In = Vs

EF

here Vs is the sample volume (in milliliters) used to achieve the
F value [35]. The CIn obtained for the proposed method were 0.18
nd 0.24 for L1 and L2 respectively. High EFs were obtained with
educed sample volumes, yielding low CIn values. Thus, CIn reveals
he efficiency of sample utilization, and it is useful tool for selecting

 preconcentration method when sample amount is limited, such
s blood analysis [35].

The paired t-test was applied to compare the results obtained by
oth CPE methods and showed that experimental values are lower
han the tcritical (2.57) at a confidence interval of 95% (p = 0.05),
hich indicated a non-significant difference in obtained and certi-
ed value of Pb2+ (Table 5). Finally, a comparison of the proposed
ethod with others reported in the literature for Pb2+ determina-

ion after CPE is shown in Table 6. The high sensitivity and low
etection limits of the present CPE method suggests the method is
fficient and sensitive for determination of very low concentrations
f the Pb2+ in various complex samples.

.6. Applications

The presented procedure was applied for Pb2+ determination
n blood samples of children with different kidney disorders,
elated to healthy children of same age group and residential
reas. The concentration of Pb2+ in the blood samples of chil-
ren of both genders is shown in Table 7. The level of Pb2+ in
iseased children was significantly higher than those found in
eferent children. The concentration of Pb2+ in blood samples of
hildren have different kidney disorders at 95% confidence inter-
al was [CI: 177, 344] �g L−1, while for referents it was  [CI: 36.9,
9.9] �g L−1; same trend was found in female children (p < 0.01).
he tests for nephrotoxicity of each understudy children have been
creened by biochemical tests; all have signs of clinical renal dis-
ase (elevated serum creatinine levels). While the healthy control
hildren have all biochemical parameters in normal range. It is
mportant to stress the absence of regulations about the blood
b2+ limits for children living in industrial and other exposed

reas in under developing countries. These findings point out
he need to strengthen the initiative to reduce exposure Pb2+

ources.

[

aterials 192 (2011) 1132– 1139

4. Conclusion

The application of a two-level factorial design made possible
a fast and economical optimization of separation and preconcen-
tration of Pb2+ in blood samples based on cloud point extractions
using two complexing reagents simultaneously. The surfactant-
rich phase can be introduced into the nebulizer of a flame atomic
absorption spectrometer after dilution with acidified ethanol. It
was  observed that the extraction efficiency of Pb2+-APDC and Pb2+-
DDTC complexes depends on pH. The complexing reagents APDC
and DDTC are frequently used for different metals, because of their
fast reaction rate with metals and good water solubility. But DDTC
is an unstable reagent that decomposes in acidic or neutral solution
and has poor selectivity. The enhancement factor for both ligands
were measured as the ratio between the slopes of calibration curves
for the Pb2+ submitted to CPE using APDC and DDTC separately,
and a curve without preconcentration, indicates 56 and 42-fold
improvement, respectively. It was  concluded that APDC is more
efficient ligand for the enrichment of Pb2+ content in standards and
real samples.

Acknowledgment

The authors would like to acknowledge Higher Education Com-
mission of Pakistan for sponsoring this study.

References

[1] I. Al-Saleh, N. Shinwari, A. Mashhour, G.D. Mohamed, M.A. Ghosh, Z. Shammasi,
A.  Al-Nasser, Is lead considered as a risk factor for high blood pressure during
menopause period among Saudi women? Int. J. Hyg. Environ. Health 208 (2005)
341–356.

[2] N.C. Papanikolau, E.G. Hatzidaki, S. Belivanis, G.N. Tzanakakis, A.M. Tsatsakis,
Lead toxicity update. A brief review, Med. Sci. Monit. 11 (2005) 329–336.

[3]  O. Ademuyiwa, R.N. Ugbaja, F. Idumebor, O. Adebawo, Plasma lipid profiles
and risk of cardiovascular disease in occupational lead exposure in Abeokuta,
Nigeria, Lipids Health Dis. 4 (2005) 19.

[4] L. Eibensteiner, A. Del Carpio-Sanz, H. Frumkin, C. Gonzales, G.F. Gonzales, Lead
exposure and semen quality among traffic police in Arequipa, Peru, Int. J. Occup.
Environ. Health 11 (2005) 161–166.

[5] K. Karita, E. Yano, M. Dakeishi, T. Iwata, K. Murata, Benchmark dose of lead
inducing anemia at the workplace, Risk Anal. 25 (2005) 957–962.

[6]  R.M. Harrison, D.P.H. Laxen, Lead pollution causes and control, Chapman and
Hall Ltd., London, 1981.

[7] J.L. Manzoori, G.K. Nezhad, Development of a cloud point extraction and
preconcentration method for Cd and Ni prior to flame atomic absorption spec-
trometric determination, Anal. Chim. Acta 521 (2004) 173–177.

[8] M.  Ghaedi, F. Ahmadi, M.  Soylak, Preconcentration and separation of nickel,
copper and cobalt using solid phase extraction and their determination in some
real samples, J. Hazard. Mater. 147 (2007) 226–231.

[9] E.L. Silva, P.S. Roldan, M.F. Giné, Simultaneous preconcentration of copper, zinc,
cadmium, and nickel in water samples by cloud point extraction using 4-(2-
pyridylazo)-resorcinol and their determination by inductively coupled plasma
optic emission spectrometry, J. Hazard. Mater. 171 (2009) 1133–1138.

10] S. Candir, I. Narin, M. Soylak, Ligandless cloud point extraction of Cr(III), Pb(II),
Cu(II), Ni(II), Bi(III), and Cd(II) ions in environmental samples with Tween 80
and flame atomic absorption spectrometric determination, Talanta 77 (2008)
289–293.

11] A. Sari, M.  Tuzen, Biosorption of total chromium from aqueous solution by red
algae (Ceramium virgatum): equilibrium, kinetic and thermodynamic studies,
J.  Hazard. Mater. 160 (2008) 349–355.

12] M.  Ghaedi, A. Shokrollahi, K. Niknam, M.  Soylak, Cloud point extraction of cop-
per, zinc, iron and nickel in biological and environmental samples by flame
atomic absorption spectrometry, Sep. Sci. Technol. 44 (2009) 773–786.

13] M.  Soylak, B. Kaya, M.  Tuzen, Copper(II)-8-hydroxquinoline coprecipitation sys-
tem for preconcentration and separation of cobalt(II) and manganese(II) in real
samples, J. Hazard. Mater. 147 (2007) 832–837.

14] M.  Ghaedi, A. Shokrollahi, K. Niknam, E. Niknam, M.  Soylak, Development of
efficient method for preconcentration and determination of copper, nickel, zinc
and iron ions in environmental samples by combination of cloud point extrac-
148–154.
15] P. Liang, H. Sang, Z. Sun, Cloud point extraction and graphite furnace atomic

absorption spectrometry determination of manganese(II) and iron(III) in water
samples, J. Colloid Interface Sci. 15 (304) (2006) 486–490.



ous M

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

cloud point extraction coupled to USN–ICP OES, Microchem. J. 95 (2010)
F. Shah et al. / Journal of Hazard

16]  E.L. Silva, P.S. Roldan, Simultaneous flow injection preconcentration of lead and
cadmium using cloud point extraction and determination by atomic absorption
spectrometry, J. Hazard. Mater. 161 (2009) 142–147.

17] B. Mohammad, A.M. Ure, D. Littlejohn, On-line preconcentration of aluminium
with immobilized 8-hydroxyquinoline for determination by atomic absorption
spectrometry, J. Anal. Atom. Spectrom. 7 (1992) 695.

18] M.A. Bezerra, M.A.Z. Arruda, S.L.C. Ferreira, Cloud point extraction as a pro-
cedure of separation and pre-concentration for metal determination using
spectroanalytical techniques: a review, Appl. Spectrosc. Rev. 40 (2005)
269–299.

19] W.L. Hinze, E. Pramauro, A critical review of surfactant-mediated phase separa-
tions (cloud-point extractions): theory and applications, Crit. Rev. Anal. Chem.
24  (1993) 133–177.

20] P. Hashemi, S. Bagheri, M.R. Fathi, Factorial design for optimization of experi-
mental variables in preconcentration of copper by a chromotropic acid loaded
Q-Sepharose adsorbent, Talanta 68 (2005) 72–78.

21]  S.L.C. Ferreira, H.C. dos Santos, M.S. Fernandesa, M.S. de Carvalho, Application of
Doehlert matrix and factorial designs in optimization of experimental variables
associated with preconcentration and determination of molybdenum in sea-
water by inductively coupled plasma optical emission spectrometry, J. Anal.
Atom. Spectrom. 17 (2002) 115–120.

22] I. Lavilla, J.L. Capelo, C. Bendicho, Determination of cadmium and lead
in  mussels by electrothermal atomic absorption spectrometry using an
ultrasound-assisted extraction method optimized by factorial design, Fresen.
J.  Anal. Chem. 363 (1999) 283–288.

23] M.C.Y. Biurrun, S.C. Perez, A.M.C. Barinaga, Coupling continuous ultrasound-
assisted extraction, preconcentration and flame atomic absorption spectromet-
ric detection for the determination of cadmium and lead in mussel samples,
Anal. Chim. Acta 533 (2005) 51–56.

24] R.L. Plackett, J.P. Burman, The design of optimum multifactorial experiments,
Biometrika 34 (1946) 255–272.

25] N. Jalbani, T.G. Kazi, M.B. Arain, M.K. Jamali, H.I. Afridi, R.A. Sar-
fraz, Application of factorial design in optimization of ultrasonic-assisted
extraction of aluminum in juices and soft drinks, Talanta 70 (2006)
307–314.

26] A. Rahman, E. Maqbool, H.S. Zuberi, Lead-associated deficits in stature, mental
ability and behaviour in children in Karachi, Ann. Trop. Paediatr. 22 (2002)
301–311.

27]  M. Durkin, The epidemiology of developmental disabilities in low-income
countries, Ment. Retard. Dev. Disabil. Res. Rev. 8 (2002) 206–211.

28]  B.L. Carson, H.V. Ellis III, J.L. McCann, in: B.L. Carson, H.V. Ellis III, J.L. McCann
(Eds.), Toxicology and Biological Monitoring of Metals in Humans, Lewis Pub-
lishers, Chelsea, UK, 1986, pp. 51–57.

29] I. Romieu, M.  Lacasana, R. McConnell, Lead research group of the Pan-American
Health Organization. Lead exposure in Latin America and the Caribbean, Envi-
ron. Health Persp. 105 (1997) 398–405.

30] N.B. Jain, H. Hu, Childhood correlates of blood lead levels in Mumbai and Delhi,
Environ. Health Persp. 114 (2006) 466–470.

31] J.P. Gennart, A. Bernard, R. Lauwerys, Assessment of thyroid, testes, kidney and
autonomic nervous system function in lead-exposed workers, Int. Arch. Occup.
Environ. Health 64 (1992) 49–57.

32] A. Pagliuca, G.J. Mufti, Lead poisoning: an age old problem, Brit. Med. J. 31 (1990)

300–830.

33] L.S. Friedman, O.M. Lukyanova, Y.I. Kundiev, Z.A. Shkiryak-Nizhnyk, N.V.
Chislovska, A. Mucha, A.V. Zvinchuk, I. Oliynyk, D. Hryhorczuk, Predictors of
elevated blood lead levels among 3-year-old Ukrainian children: a nested case-
control study, Environ. Res. 99 (2005) 235–242.

[

aterials 192 (2011) 1132– 1139 1139

34] M. Cruz-Vera, R. Lucena, S. Cárdenas, M.  Valcárcel, One-step in-syringe ionic
liquid-based dispersive liquid–liquid microextraction, J. Chromatogr. A 1216
(2009) 6459–6465.

35] Z. Fang, Flow Injection Separation and Preconcentration, 1st edn, VCH, Wein-
heim, 1993.

36] M.O. Luconi, M.F. Silva, R.A. Olsina, L.P. Fernandez, Cloud point extraction of
lead  in saliva via use of nonionic PONPE 7.5 without added chelating agents,
Talanta 51 (2000) 123–129.

37] F. Shemirani, S.D. Abkenar, A. Khatouni, Determination of trace amounts of lead
and  copper in water samples by flame atomic absorption spectrometry after
cloud point extraction, Bull. Korean Chem. Soc. 25 (2004) 1133–1136.

38] J. Chen, S. Xiao, X. Wu,  K. Fang, W.  Liu, Determination of lead in water samples by
graphite furnace atomic absorption spectrometry after cloud point extraction,
Talanta 67 (2005) 992–996.

39] T.A. Maranhao, D.L.G. Borges, M.A.M.S. da Veiga, A.J. Curtius, Cloud point
extraction for the determination of cadmium and lead in biological samples
by  graphite furnace atomic absorption spectrometry, Spectrochim. Acta B 60
(2005) 667–672.

40] F. Shemirani, M.  Baghdadi, M.  Ramezani, M.R. Jamali, Determination of ultra
trace amounts of bismuth in biological and water samples by electrothermal
atomic absorption spectrometry (ET-AAS) after cloud point extraction, Anal.
Chim. Acta 534 (2005) 163–169.

41] T.A. Maranhão, E. Martendal, D.L.G. Borges, E. Carasek, B. Welz, A.J. Curtius,
Cloud point extraction for the determination of lead and cadmium in urine by
graphite furnace atomic absorption spectrometry with multivariate optimiza-
tion using Box–Behnken design, Spectrochim. Acta B 62 (2007) 1019–1027.

42] J.L. Manzoori, H.A. Zadeh, Extraction and preconcentration of lead using cloud
point methodology: application to its determination in real samples by flame
atomic absorption spectrometry, Acta Chim. Slov. 54 (2007) 378–384.

43] Y. Surme, I. Narin, M.  Soylak, H. Yuruk, M.  Dogan, Cloud point extraction pro-
cedure for flame atomic absorption spectrometric determination of lead(II) in
sediment and water samples, Microchim. Acta 157 (2007) 193–199.

44] L.M. Coelho, M.A. Bezerra, M.A.Z. Arruda, R.E. Bruns, S.L.C. Ferreira,
Determination of Cd, Cu, and Pb after cloud point extraction using
multielemental sequential determination by thermospray flame furnace
atomic absorption spectrometry (TS-FF-AAS), Sep. Sci. Technol. 43 (2008)
815–827.

45] F. Ahmadi, A. Khanmohammadi, S. Heydari, M.  Mirzazadeh, E. Malekpour,
Micelle mediated methodology for the determination of heavy metals in real
samples by flame atomic absorption spectrometry, Jordan J. Chem. 3 (2008)
77–86.

46] M. Ghaedi, A. Shokrollahi, K. Niknam, E. Niknam, A. Najibi, M.  Soylak, Cloud
point extraction and flame atomic absorption spectrometric determination of
cadmium(II), lead(II), palladium(II) and silver(I) in environmental samples, J.
Hazard. Mater. 168 (2009) 1022–1027.

47] D. Citak, M.  Tuzen, A novel preconcentration procedure using cloud point
extraction for determination of lead, cobalt and copper in water and food
samples using flame atomic absorption spectrometry, Food Chem. Toxicol. 48
(2010) 1399–1404.

48] R.A. Gil, J.A. Salonia, J.A. Gásquez, A.C. Olivieri, R. Olsina, L.D. Mar-
tinez, Flow injection system for the on-line preconcentration of Pb by
306–310.
49] V.A. Lemos, G.T. David, An on-line cloud point extraction system for flame

atomic absorption spectrometric determination of trace manganese in food
samples, Microchem. J. 94 (2010) 42–47.


	Cloud point extraction for determination of lead in blood samples of children, using different ligands prior to analysis b...
	1 Introduction
	2 Experimental
	2.1 Reagents
	2.2 Apparatus
	2.3 Sampling
	2.4 Sample preparation
	2.5 Cloud point extraction
	2.6 Experimental design
	2.6.1 Plackett–Burman design

	2.6.2	Central 23+ star orthogonal composite design

	3 Results and discussion
	3.1 Optimization of experimental variables
	3.2 Estimated effects of variables
	3.3 Optimization by central composite designs
	3.3.1 Effect of APDC
	3.3.2 Effect of DDTC

	3.4 Effect of interference
	3.5 Analytical figure of merit
	3.6 Applications

	4 Conclusion
	Acknowledgment
	References


