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Cloud point extraction was employed for the separation and preconcentration of cadmium
and lead prior to the determination by thermospray flame atomic absorption spectrometry. Di-2pyridyl ketone salicyloylhydrazone (DPKSH) was used as complexing agent and the cadmium
and lead complexes were extracted from the aqueous phase by the Triton X-114 surfactant. The
variables associated with the preconcentration (pH as well as DPKSH, surfactant and electrolyte
concentration) were optimized by using a full factorial design with two levels, four variables and a
central composite. Under the optimized conditions, a sample volume of 100 µL was introduced into
a hot Ti tube at a flow rate of 0.6 mL min-1 and the integrated absorbance was measured. Calibration
curves were obtained with linear ranges of 0.075-2.0 µg L−1 (Cd) and 2.5-100 µg L−1 (Pb). The
detection limits of 0.04 µg L−1 (Cd) and 1.3 µg L−1 (Pb) (99.7% confidence level) were obtained.
The proposed method was applied to hemodialysis solutions and water samples. The accuracy of
the method was evaluated by analyzing a certified reference material (NIST CRM 1643e) and the
results were in agreement with the certified values at a 95% confidence level according to t-test.
Keywords: cloud point extraction, cadmium, lead, DPKSH, TS-FF-AAS

Introduction
Even at very low concentrations, cadmium is highly
toxic, causing damage to the kidneys, liver and lungs.1,2
Anthropogenic contamination source of soil, air and water
results from the production of cadmium from the burning of
oil and coal, as well as from waste incineration. Exposure
to cadmium by means of the ingestion of contaminated
water and soil, inhalation of contaminated dust, or smoking
habits of cigarettes, for instance, may result in a variety of
harmful effects to health.3,4 The National Environmental
Council-Brazil (CONAMA)5 resolution 357 in 2005 and
World Health Organization (WHO)6 in 2008 established
maximum limits of 1 μg L-1 and 3 μg L-1, respectively, for
cadmium in natural waters.

*e-mail: ivanise.gaubeur@ufabc.edu.br

Lead is particularly used for the production of lead-acid
batteries, solder and alloys.6 Tetraethyl and tetramethyl lead
have also been used as antiknock and lubricating agents
in petrol. However, the use of such compounds for these
purposes is being phased out in some countries.6,7 Due to
the reduced use of lead containing additives in gasoline and
lead-containing solder in the food processing industry, the
concentration levels of lead in air and food are dropping,
and the lead intake from drinking water constitutes a greater
proportion of the total intake. This element can affect
the development of children’s intelligence.6,8 CONAMA
resolution 357 and WHO established a maximum limit of
10 μg L-1 for lead ions in natural waters.5,6
The determination of potentially toxic metals such as
cadmium, copper, lead, zinc, and others has been investigated
in hemodialysis solutions,9-11 although aluminum has been
considered to be responsible for causing major problems
in patients with chronic renal failure on hemodialysis.12
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Contamination with chemicals, bacteria or toxins from
the water used to prepare the solution for hemodialysis
has been considered the main risk factor for injury and
the death of patients under this treatment.13 However,
commercially available concentrated saline, which is mixed
for hemodialysis, may have traces of potentially toxic metals
making it an important source of contamination.
Lead and cadmium are two of the most dangerous
elements to human health and their concentrations
in samples are generally low. Therefore, analytical
techniques with high sensitivity for the simultaneous
determination of both are necessary. Procedures for
extraction and preconcentration, in addition to increasing
detectability, eliminate or minimize the sample matrix
effect, such as the hemodialysis solutions that have high
salt concentration leading serious interference in the
simultaneous determination of these metals.11
Cloud point extraction (CPE) is an environmentally
friendly alternative sample pretreatment method for
separation and preconcentration. CPE has been used for
enhancing the sensitivity in organic and inorganic analyses,
and it can be applied for the extraction of analytes from
environmental and biological samples with complex
matrixes. For the determination of metals, a reaction with
a hydrophobic complexing agent is usually required.
Many ligands have been used in CPE, and among others,
pyridylazo and thiazolylazo stand out.14 Galbeiro et al.,15
using Triton X-114 [(1,1,3,3-tetramethylbutyl) phenylpolyethylene glycol] as the surfactant and 1-(2-pyridilazo)2-naphthol (PAN) as a complexing agent in CPE developed
a method for the selective preconcentration of trace
amounts of Cd, Ni and Zn by flame atomic absorption
spectrometry (FAAS). Using Triton X-114 and di-2-pyridyl
ketone salicyloylhydrazone (DPKSH) as the surfactant and
complexing agent, respectively, Garcia et al.16 developed a
method for the selective preconcentration of trace amounts
of Ni by atomic and molecular spectrometric methods.
Due to certain characteristics such as low cloud point
temperature, low cost and low toxicity, Triton X-114 has
been broadly used in CPE procedures for the extraction of
hydrophobic complexes.14,17 The evaluation of the pH value,
so important in the stage where hydrophobic complexes are
formed, and the addition of an electrolyte, which in many
cases allows the elimination of the heating step making
it fastest procedure, are other variables to consider in the
efficiency of the CPE procedure.
Owing to its robustness, selectivity and low running
costs when compared to electrothermal atomic absorption
spectrometry (ETAAS) and inductively coupled plasma
mass spectrometry (ICP-MS), FAAS is widely used
for the routine determination of elements at the mg L−1
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concentration range.18 However, FAAS detection limits are
incompatible with determination at sub-μg L-1 levels.19 A
means of increasing the sensitivity of the technique is the
thermospray flame furnace atomic absorption spectrometry
(TS-FF-AAS), developed by Gáspár and Berndt in 2000,20
which improved the sensitivity of FAAS by increasing the
efficiency of the aerosol generation.18,21 The association
of CPE procedures and TS-FF-AAS has been used in the
direct determination of some metals in liquid samples.19,22-24
In this context, the aim of this work was, on one hand,
to propose a CPE method based on the use of Triton X-114
for extraction of Cd and Pb as DPKSH complexes and, on
the other hand, to evaluate the combination of the proposed
CPE procedure with TS-FF-AAS (i.e., CPE‑TS-FF-AAS) for
trace elemental analysis. To this end, the main experimental
factors affecting the CPE were optimized using a multivariate
analysis. Under optimum CPE conditions, analytical figures
of merit of CPE-TS‑FF‑AAS method were estimated.
Accuracy of the proposed method was evaluated from the
analysis of Certified Reference Material (drinking water).
Finally, freshwater and hemodialysis solutions were analyzed
in order to assess the applicability of the methods to real
samples analysis.

Experimental
Instrumentation

A pH meter model 713 Metrohm (Herisau, Switzerland)
with a combined glass electrode was used for the pH
measurements, and a Quimis Q222TM (São Paulo, Brazil)
centrifuge was used to accelerate the phase separation.
Analytical signals were obtained using a ContrAA
300 high-resolution continuum source flame atomic
absorption spectrometer (HR-CS FAAS Analytik Jena
AG, Jena, Germany) equipped with xenon lamp continuum
radiation source short-arc (XBO 301, 300 W, GLE, Berlin,
Germany) operating in a hot-spot mode. Measurements
were carried out at 228.80 nm and 217.00 nm, the principal
lines, for Cd and Pb, respectively. A high-resolution
double-echelle grating monochromator supplies a
spectral bandwidth 2 pm per pixel. The other operational
instrumental conditions were air flow rate 490 (L min-1),
acetylene flow rate 55 and 65 (L min-1), for Cd and Pb
respectively, and burner height 13 mm.
A system comprised of a peristaltic pump (Ismatec,
Labortechnik Analytik, Glattbrugg-Zürich, Switzerland)
furnished with Tygon® tubes coupled with a sliding-bar
injector-commutator, and a thermospray flame furnace unit,
consisting of a ceramic Al2O3 capillary (0.5 mm i.d., 2.0 mm
o.d., and 100 mm in length, Friatec, Mannhein, Germany)
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and a Ti tube25,26 (10 mm i.d., 12 mm o.d., 100 mm in
length) was used for the TS-FF-AAS determinations. The
tube was located on the burner, laid on a lab-made stainless
steel support and could be moved in and out of the flame.
To reach the proper atomization temperature for Cd and Pb
inside the tube, six 2-mm diameter holes were drilled in the
bottom of the tube.23,24 Another hole was drilled at 90° to the
bottom holes to insert the ceramic Al2O3 capillary, which
was set approximately 1 mm inside the tube furnace. The
manifold was assembled with 0.5-mm i.d. PTFE tubing.
Reagents and solutions

All of the solutions were prepared with analytical grade
chemicals and deionized water. DPKSH was synthesized
according to a procedure reported in a previous paper,27
and a 0.01 mol L-1 DPKSH stock solution was prepared
by dissolving the appropriate amounts of the reagent in
anhydrous ethanol (Carlo Erba, Milan, Italy). Solutions
of the nonionic surfactant Triton X-114 (Sigma, St. Louis,
MO, USA) were prepared at a 5% (m/v) concentration.
The NaCl solution (Merck, Darmstadt, Germany) was
prepared at a 25% (m/v) concentration. Buffer solutions
CH3COONH4, pH values of 6.0 and 7.0; (OHCH2)3CNH2/
(OHCH2)3CNH3+ (Tris/HTris+), pH values of 8.0 and 8.3
and NH4Cl/NH4OH, pH values of 9.0 and 10 were used
for pH adjustment. Cadmium and lead analytical solutions
were prepared by suitable dilutions of a 1000 mg L-1 stock
solution (Ultra Scientific, USA).
Samples

Freshwater samples were collected from the Billings
dam, São Paulo, Brazil. The sample collection was carried
out in different locations and depths. Sample A was collect
on the surface and sample B was collect at a depth of 5 m.
All of the samples were acidified to a pH 2.0 with nitric
acid, immediately after sampling, and were filtered with
0.25 μm cellulose acetate membranes. The hemodialysis
solutions were prepared according to a procedure
previously described.28
For the evaluation of the accuracy of the method, a
certified reference material (CRM) of water (NIST 1643e
Trace Elements in Water), supplied by the National Institute
of Standards and Technology (Gaithersburg, MD, USA)
was used.
Cloud point extraction procedure

Different amounts of the samples or standard solutions,
990 µL of 5% m/v Triton X-114, 506 µL of 0.01 mol L-1
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DPKSH, 500 µL of Tris/HTris+ buffer (pH 8.3) and 3.6 mL
of 25% m/v NaCl were transferred to 15 mL graduated
tubes, which were filled with deionized water. The mixture
was centrifuged (840 × g) for 20 min to induce phase
separation by centrifugation. The aqueous phase was
removed with a Pasteur pipette, and to decrease its viscosity,
the surfactant-rich phase was diluted with a mixture
of ethanol and 0.1 mol L-1 HNO3 to 1000 µL. Sample
introduction was performed by using a monosegmented
flow injection system.
A blank solution obtained by the same procedure
described above was measured before to the samples or
standard aqueous solutions.
Optimization procedure for the Cd and Pb cloud point
extraction

To evaluate the significance of the variables of the
CPE preconcentration procedure, a full factorial design
with two levels, four variables and central composite
(27 experiments, 3 replicates for the central point) was carried
out. Additionally, with the aim of determining a critical point,
a quadratic model was used to describe the system studied.
The variables optimized in the design were the pH as well
as the DPKSH, Triton X-114 and NaCl concentrations. The
Statistica 10® program (StatSoft Inc., USA) was used for
evaluating the experimental data obtained. Table 1 shows
the factors studied and their respective levels, and Table S1
[see Supplementary Information (SI) section] shows the full
factorial design matrix.
Table 1. Variables and levels evaluated using the 24 factorial design
Variable

Level (-)

Level (0)

Level (+)

DPKSH / (mmol L )

0.20

0.40

0.50

pH

7.0

8.0

9.0

Triton X-114 / %

0.10

0.20

0.30

NaCl / %

3.0

5.0

7.0

-1

Optimization of the sample introduction

A monosegmented flow system,29 Figure 1, was used
to prevent dispersion of the sample aliquot solution.
In this system, sample loop was filled up via syringe
aspiration. Water, used as carrier, passed through the
injector-commutator valve and proceeded to the ceramic
capillary, while the propulsion of air filled up two side
loops. The injector-commutator valve was commuted
and the sample was placed between two air bubbles,
being propelled by peristaltic pump, reaching the ceramic
tube, and then the titanium tube, where thermospray was

Vol. 26, No. 3, 2015

493

Garcia et al.

formed. By using HR-CS FAAS, which allows changing
wavelength within a short period of time, the detection of
analytes was sequential, and a sample aliquot was added
to detect cadmium and then another sample aliquot to
detect lead.
In TS-FF-AAS development methods, there are some
inherent sample introduction and chemical parameters to
be optimized. For this reason, sample volume and flow rate,
as well as type of eluent and acid added to the rich phase
were evaluated.
100 μL

(1)DPKSH(L)
(4)NaCl(L)
1Lby4L
(3)Triton(L)
Triton(Q)
pH(Q)
(2)pH(L)
NaCl(Q)
DPKSH(Q)
3Lby4L
2Lby4L
1Lby2L
1Lby3L
2Lby3L

-6.75158
4.965735
3.000902
1.501711

(a)

-1.38076
1.238029
-0.934145
-0.851558
-0.631373
-0.412988
0.115665
0.0776321
-0.063484
0.0432028

p = 0.05
Ceramic capillary
(0.5 mm i.d., 2 mm o.d.,
100 mm in length)

Standardized effect estimate (absolute value)

Water
Air

Sample (rich
phase diluted in
HNO 3/EtOH )

Peristaltic
pump
(0.6 mL min -1)

Figure 1. Monosegmented flow system for cadmium and lead
determination.

Results and Discussion
Optimization of the CPE procedure

To find the optimal conditions for the CPE procedure
for Cd and Pb, the factors that affect the complexation
and extraction procedure, such as the pH as well as the
Triton X-114, DPKSH and NaCl concentrations, were
evaluated by a 24 full factorial design (Tables 1 and S1).
The concentrations of Cd and Pb used in each experiment
were 1.3 μg L-1 and 25 μg L-1, respectively. The significance
of the effects of the variables and possible interactions
between them were checked based on Pareto charts
(Figure 2) at a 95% significance level.
According to the Pareto chart (Figure 2a), a higher
efficiency of the CPE procedure or the analytical responses
can be achieved by decreasing the DPKSH concentration
and increasing the NaCl concentration, indicating that
the DPKSH and NaCl concentrations were significant for
cadmium complexation and extraction. Notwithstanding, it
was necessary to increase the Triton X-114 concentration,
decrease the DPKSH concentration and increase the NaCl
concentration to achieve the best conditions for lead
complexation and extraction (Figure 2b). The interactions
between most of the factors were also significant, as
estimated from the significance value (95%) of the
interactions of various factors.
The DPKSH concentration added must be enough to
ensure the quantitative complexation of analytes. Generally,
adding excess is necessary, ensuring a sufficient quantity for

(3)Triton(L)
(1)DPKSH(L)
1Lby4L
(4)NaCl(L)
pH(Q)
1Lby3L
DPKSH(Q)
Triton(Q)
NaCl(Q)
2Lby4L
1Lby2L
(2)pH(L)
3Lby4L
2Lby3L

6.550576
-4.88459
4.449261
3.912941
-2.6904
-2.40637

(b)

-2.16056
-1.40284
-0.947782
0.8976752
-0.657344
-0.293793
0.2084441
-0.121822

p = 0.05
Standardized effect estimate (absolute value)

Figure 2. Pareto charts obtained at full factorial design with two levels,
four variables and central composite to (a) Cd and (b) Pb. (Q) and (L)
terms define the type of interactions of the factors, quadratic and linear,
respectively.

the complexation of subject analytes even in the presence of
interfering species. However, the excess must be controlled
to avoid that complexes and complexing agent compete for
surfactant micelles in the extraction phase.15,16
The electrolyte concentration is an important parameter
in CPE. Adding electrolytes will result in dehydration of
surfactant hydrophobic chains, thus enhancing interaction
between micelles and consequently allowing the phase
separation of analyte at room temperature or lower
temperatures.23,30
Another important parameter in the cloud point
extraction for the preconcentration of metal complexes
is the surfactant concentration. Accuracy, precision and
sensitivity can be affected if the surfactant concentration is
not enough to guarantee a quantitative extraction [above the
surfactant critical micellar concentration (CMC)]. However,
the volume ratio of the phases should also be noted because
an increase in the surfactant concentration can decrease the
analytical signal due to the dilution of the analyte in the
surfactant-rich phase.16,31,32
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Metal complexation with DPKSH is very dependent on
the pH of the solution, as this complexing agent can attract
a proton to its pyridine nitrogen atom in an acidic medium
(pK1 = 3.5 at 25 °C and can dissociate its o-hydroxy group
in a basic medium (pK2 = 6.85 at 25 °C).33 The efficiency
of the CPE procedure was not affected by the pH range
evaluated in this study as reported in Figure 2a for the
Cd quantification. However, for the Pb quantification, it
is important to highlight a negative effect for variable pH
indicating a more favorable complexation of the Pb ion
with the neutral form of DPKSH, since DPKSH being
predominantly in its neutral and deprotonated form at pH
values from 6.0 to 9.0.34 Based on this discussion and due
to the results obtained by the Pareto charts (Figures 2a
and 2b), second-order polynomial regression equations 1
and 2 for Cd and Pb, respectively, were obtained to fit the
experimental values from Table S1 (SI section).
AbsCd = 1.995 – 0.6772 DPKSH + 0.5011 NaCl + 0.3610
DPKSH × NaCl
(1)
AbsPb = 1.356 – 0.2854 DPKSH - 0.16587 pH2 + 0.3851
Triton X-114 + 0.2301 NaCl – 0.1686 DPKSH × Triton
+ 0.3118 DPKSH × NaCl
(2)
Tables S2 and S3 (SI section) show by ANOVA analysis
for the models that the predicted models reasonably
represented the experimental values. A p value for selected
parameters of equations 1 and 2 confirmed that the models
were suitable for use in the current experiment. The R2
values of the predicted model for Cd and Pb were 0.89
and 0.91, respectively, indicating that the predicted models
could explain 89% and 91% of the response variability.
Hence, it was possible to plot response curves,
Figures S1 and S2 (SI section), using Statistica 10 ®
software. Based on the response surface methodology
and critical values, the following were considered as the
conditions: 3.4 × 10-4 mol L-1 DPKSH, pH 8.3, 0.33% (m/v)
Triton X-114 and 6% (m/v) NaCl.
Flow injection optimization
Sample flow rate

The carrier flow rate is directly related to the formation
of the thermospray and, consequently, the efficiency of
the sample injection and atomization of the analyte.35
The range studied was 0.2-0.8 mL min-1. For cadmium
and lead, the analytical signal is the highest at a flow rate
of 0.6 mL min-1, due to slow arrival of the sample in the
titanium tube allowing adequate time for the promotion of
adequate heat transfer, the formation of the thermospray,
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and, consequently, the atomization of the analyte. However,
flow rates above 0.9 mL min-1 caused a leak in the ceramic
tube, preventing the use of higher flow rates. Therefore, the
flow rate of 0.6 mL min-1 was chosen.
Sample volume

The sample volume was studied throughout a range of
25 to 200 µL. The results showed an almost linear increase in
the analytical signals for both of the analytes by increasing
the sample volume to 100 µL. Because 100 µL of sample
presents a significant analytical signal at low concentrations
of the metals and low rich phase consumption for both of
the analytes, this volume was chosen.
Type of acid and solvent used for rich phase dilution

The type of solvent and acid added to the rich phase
was studied. The solvent reduces the viscosity of the rich
phase, and the acid improves the volatilization of the
analytes.36 The solvents studied were methanol, ethanol
and acetonitrile, and the acids studied were HNO3, H2SO4,
H3CCOOH (HAc) and HCl. The integrated absorbance
and standard deviation are shown in Figures 3a and 3b, for
cadmium and lead, respectively.
For the cadmium determination (Figure 3a), rich phase
dilution with nitric acid in an acetonitrile medium results in
higher absorbance values, which can be explained by the
lower viscosity of this solvent. In the determination of lead
(Figure 3b), it was observed that rich phase dilution with
nitric acid in an acetonitrile medium results in less intense
analytical signals. Still in determining lead, it was noticed
that the acetic acid and acetonitrile mixture exhibited a
higher analytical signal, but with a high standard deviation.
Furthermore, for both metals, similar signals were obtained
with nitric acid in methanol and ethanol. Therefore, due to
small differences in the analytical signals and the toxicity of
acetonitrile and methanol, nitric acid in an ethanol medium
(0.1 mol L-1) was chosen as the dilution solution.
Analytical characteristics

Analytical curves were obtained in triplicate by
the preconcentration of 15 mL of standard solutions
containing known Cd2+ and Pb2+ ions under the optimized
CPE conditions. Table 2 summarizes the analytical
characteristics of the optimized procedure. The detection
and quantification limits were estimated according to
IUPAC recommendations at the 99.7% confidence level.37
The relative standard deviations were estimated for 12
independent measurements with a 1.0 µg L-1 Cd(II) solution
and a 50 µg L-1 Pb(II) solution.
Comparing the slopes of the analytical calibration
curves obtained by CPE-FAAS and CPE-TS-FF-AAS
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1.200

(Table 2), significant increases in the sensitivities of 282 and
669 times for Cd and Pb, respectively, were observed. These
sensitivity increases allow the determination of cadmium
and lead in samples such as natural waters, in which the
maximum limits established by WHO are 3 µg L-1 (Cd)
and 10 µg L-1 (Pb).5,6

(a)

1.100
1.000
0.900

Integrated absorbance
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0.800
0.700
0.600
0.500

Accuracy and determination of the cadmium and lead in
dam water and hemodialysis solutions

0.400
0.300
0.200
0.100

The accuracy of the method was assessed through
the analysis of a water certified reference material
(CRM NIST 1643e). According to a t-test and a F-test
performed at a 95% confidence level, there is no difference
between the determined and certified values, as shown
in Table 3.
The developed procedure was applied to the
determination of Cd and Pb in freshwater and hemodialysis
solution samples. Different amounts of cadmium and
lead were also spiked into the samples, and the resulting
solutions were submitted to the CPE procedure. Recoveries
ranging between 86 and 103% (Table 3) were obtained. It
was found that for Pb in freshwater (sample A) and Cd in
hemodialysis solution (sample A), the low values of the
standard deviations of the measurements allow them to be
considered acceptable; although such values are between
the limit of quantification (LOQ) and limit of detection
(LOD) of the proposed CPE procedure.
Table 4 shows a comparison of some analytical features
with those attained in procedures for cadmium and lead
determination after or not CPE procedure using FAAS and
TS-FF-AAS detection.19,22,23,38-40

0.000
CN
OH tOH
OH tOH ACN eOH EtOH ACN eOH EtOH ACN
Me 4 - E 4 - A - Me 3 - E
M clc- M Cl 4O3 Ac O
O
HC
SO NO3
HA HCl
H
HA
SO H2S
HN
H
H2
HN
H
H2

Acid-solvent mixture
(b)

2.500

Integrated absorbance

2.000

1.500

1.000

0.500

0.000
H2

SO

4-

CN
OH tOH
OH tOH ACN eOH EtOH ACN eOH EtOH ACN
Me 4 - E 4 - A - Me 3 - E
l3c- M Cl - M Ac HC
HA HCl
H
SO H2SO NO3 HNO HNO HAc
H
H2
H

Acid-solvent mixture

Figure 3. Influence of the acid-solvent mixture to rich phase dilution on
the analytical signal to (a) Cd and (b) Pb. Conditions: 0.5 µg L-1 Cd(II),
50 µg L-1 Pb(II), 3.4 × 10-4 mol L-1 DPKSH, Triton X-114 0.33% (m/v),
Tris/HTris+ buffer 0.055/0.033 mol L-1 (pH 8.3) and NaCl 6% (m/v).

Table 2. Analytical characteristics for Cd and Pb measurements by CPE-TS-FF-AAS and CPE-FAAS
CPE-TS-FF-AAS

Cd

Pb

A = 0.661(± 0.004)CCd + 0.0153(± 0.001)

A = 0.0502(± 0.0006)CPb + 0.0195(± 0.006)

0.9997

0.9989

0.075-2.0

2.5-100

0.04

1.3

LOQ / (μg L )

0.13

4.4

Precision / %b

4.3

4.7

Linear equation for analytical calibration curve
R2a
-1

Linear range / (μg L )
LOD / (μg L-1)
-1

CPE-FAAS

c

Linear equation for analytical calibration curve
R2 d
-1

Linear range / (μg L )
LOD / (μg L-1)
-1

LOQ / (μg L )

Cd

Pb

A = 2.34(± 0.01) × 10-3CCd + 0.0073(± 0.0007)

A = 7.50(± 0.01) × 10-5CPb + 0.00021(± 0.00009)

0.9997

0.9912

10-35

200-1000

2.2

6.2

7.3

21

Number of calibration points, n = 8; brelative standard deviation, n = 12, Cd 1.0 μg L-1 and Pb 50 μg L-1; cafter CPE procedure and surfactant-rich phase
dilution the sample introduction, 150 μL, was performed by using a micro pipette tube coupled directly to the nebulizer of the ContrAA 300 spectrometer;
d
number of calibration points, n = 5.
a
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Table 3. Mean values and uncertainties for cadmium and lead determination in different kind of samples
Cadmium amount / (µg L-1)
Recovery / %
Lead amount / (µg L-1)
Recovery / %
a
Added
Found
Added
Founda
Freshwater A
0.0
< LOD
0.0
1.42 ± 0.09
0.50
0.51 ± 0.01
102
10.0
8.6 ± 0.4
86
1.00
1.01 ± 0.08
101
25.0
24.0 ± 0.1
96
Freshwater B
0.0
< LOD
0.0
< LOD
0.50
0.52 ± 0.01
103
10.0
9.0 ± 0.8
89
1.00
1.02 ± 0.01
102
25.0
24.2 ± 0.3
97
Hemodialysis
0.0
0.050 ± 0.005
0.0
< LOD
Solution Ab
0.50
0.51 ± 0.03
102
10.0
9.8 ± 0.4
98
1.00
1.01 ± 0.01
101
25.0
24.1 ± 0.2
96
Hemodialysis
0.0
< LOD
0.0
< LOD
Solution Bb
0.50
0.46 ± 0.01
92
10.0
9.1 ± 0.2
91
1.00
1.01 ± 0.02
101
25.0
23.3 ± 0.2
93
SRM NIST 1643e c
6.588 ± 0.094
0
18.90 ± 0.73
a
Value ± standard deviation, n = 3; bCd(II) and Pb(II) spiked to diluted hemodialysis concentrate (10%); ccertified value SRM NIST 1643e:
6.568 ± 0.073 µg L-1 Cd; 19.63 ± 0.21 µg L-1 Pb.
Sample

Table 4. Comparison of the proposed method with other methods procedures for cadmium and lead determination
Sample volume
Cloud point
LOD / (µg L-1)
Precision / %
Reference
/ mL
induction
Cd; Pb
FI-CPE
TAN
15
NaCl
0.75; 4.5
1.6-3.2
38
Cd; Pb
TS-FF-AAS
1.8; 5.3
2.1; 2.6
39
Cd
CPE-TS-FF-AAS
APDC
10
Heatinga
0.04
2.9
22
Cd
CPE-TS-FF-AAS
PAN
7
NaCl
0.0178
4.1
23
Cd; Pb
CPE-TS-FF-AAS
Br-PADAP
10
Microwave oven
4.0; 13.0 / (µg kg-1)
3.1; 0.7
19
Cd; Pb
CPE-TS-FF-AAS
PAN
40
NaCl and heatinga
0.025; 0.43
6.1; 5.2
40
Cd; Pb
CPE-TS-FF-AAS
DPKSH
15
NaCl
0.04; 1.3
4.3; 4.7
This method
a
40 oC, 10 min; FI-CPE: flow injection; TAN: 1-(2-thiazolylazo)-2-naphthol; APDC: ammonium pyrrolidinedithiocarbamate; PAN: 1-(2-pyridilazo)-2naphthol; Br-PADAP: 2-(bromo-2-pyridylazo)-5-diethyl-amino-phenol; LOD: limit of detection.
Analyte

Detection system Complexing agent

The proposed method displayed a lower detection limit
when compared to other methods using the CPE procedure
or TS-FF-AAS detection, showing some advantage by
determining cadmium and lead via TS-FFAAS after cloud
point extraction. In this work, the cloud point induction was
done by adding an electrolyte, NaCl, eliminating the heating
phase, increasing the analytical frequency. The complexing
agent, DPKSH, used for the first time to develop the
analytical method for determining cadmium and lead, shows
fast complex formation with the subject analytes, different
from other complexing agents, such as PAN.15

Conclusions
The preconcentration and determination of Cd and Pb
using DPKSH as the complexation agent for cloud point
extraction presented interesting features. The proposed
method has the advantages of the simultaneous CPE
preconcentration of cadmium and lead ions with low
reagent consumption (1.6 mg of DPKSH and 49.5 mg

of Triton X-114 per determination) and reduced waste
disposal. Optimization of the CPE method using a factorial
design resulted in the determination of suitable extraction
conditions, contributing to the development of a simple,
rapid and sensitive procedure for the determination of
Cd and Pb at μg L-1 levels. Sample introduction using
a monosegmented system proved to be a good system
to prevent leakage and sample contamination. The
combination of CPE and TS-FF-AAS allowed for
significant increases in sensitivity, 282 and 669 times for
Cd and Pb, respectively, when compared to CPE-FAAS,
allowing the proposed method to be applied for different
samples with low concentrations of metals, such as natural
waters and hemodialysis solutions among others.

Supplementary Information
Supplementary data (tables and three dimensional
response surface figures) are available free of charge at
http://jbcs.sbq.org.br as PDF file.
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