
Open AccessResearch Article

Journal of
Analytical & Bioanalytical TechniquesJo

ur
na

l o
f A

na
lyt

ical & Bioanalytical Techniques

ISSN: 2155-9872

Akl et al., J Anal Bioanal Tech 2016, 7:4 
DOI: 10.4172/2155-9872.1000325

Volume 7 • Issue 4 • 1000325
J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal 

Keywords: CPE; Zinc(II); Cadmium(II); Surfactants; FAAS

Introduction
Heavy metals in the environment are really increasing due to 

human activity, particularly mining process and heavy industry in 
the developing world. This has caused great accumulation of high 
concentrations of toxic heavy metals in natural waters [1].

Monitoring the presence of toxic trace metals in different matrices 
is of great importance in order to evaluate the exposure to these heavy 
metals in the environment. In this sense, cadmium is considered as one 
of the most toxic elements; it accumulates in humans body mostly in 
the kidneys and liver and is classified as a rampant toxic element with 
biological half-life time in the range of 10-30 years [2]. The maximum 
allowable concentration of cadmium permitted by the American 
Environmental Protection Agency (US EPA) in standard drinking 
water is 10 μg L-1.

Zinc is considered as an essential micro-nutrient that has many 
biochemical functions in all living organisms [3]. Deficiency of zinc can 
lead to many disorders such as growth retardation, diarrhea, inefficient 
immunological defense, eye and skin lesions, delaying of wound 
healing and other skin diseases [4]. Excess amounts of zinc are harmful 
and can be toxic when exposures exceed the physiological needs.

Monitoring trace element levels in environmental samples might be 
considered a difficult analytical task, mostly because of the complexity 
of the matrix and the very low concentrations of these elements, 
which requires a prior preconcentration step followed by sensitive 
instrumental techniques [5]. Many separation/preconcentration 
techniques have been developed for trace metal analysis such as solid 
phase extraction [6], liquid- liquid extraction [7], co-precipitation [8], 
column extraction [9], ion-selective electrode [10] and cloud point 
extraction (CPE) [11-16].

Cloud point extraction (CPE) has attracted a great attention 
because it complies with the “Green Chemistry” principle [17]. CPE 
is simple, highly efficient, cheap, rapid and of lower toxicity than those 
procedures using organic solvents.

Cloud point extraction (CPE) is based on the phase behavior of 
non-ionic surfactants in aqueous solutions. Non-ionic surfactants 

undergo phase separation upon raising the temperature or the addition 
of a salting-out agent [18,19]. This procedure has been successfully 
employed to extract and preconcentrate different trace metals from 
different samples [20-23]. 

In recent years, considerable attention has been paid to the use 
of chelating agents, containing sulphur and nitrogen in analytical 
chemistry, in separation, purification and estimation of metal ions 
[24]. The extensive application and rapid growth in the popularity of 
sulphur ligands is because of their outstanding property as potential 
donors to form stable and characterized complexes. In addition, the 
presence of nitrogen along with sulphur tends to reduce the solubility 
of the complexes, making the isolation of these complexes easier. 

Among various organic chelating reagents containing S and N, 
thiosemicarbazones and their aromatic derivatives occupy a unique 
place. Thiosemicarbazones are a group of organic compounds prepared 
by condensing thiosemicarbazide with carbonyl compounds in the 
presence of few drops of glacial acetic acid. These organic reagents 
function as good complexing agents and form complexes with various 
metal ions through thionate Sulphur atom and hydrazine nitrogen 
atom binding sites.

Phenanthraquinone monophenyl thiosemicarbazone (PPT) 
reacts with different metal ions such as Ni(II), Zn(II), Cu(II), Cd(II) 
and Pb(II) to form hydrophobic colored complexes. These metal ions 
were further determined in media of diverse origin by FAAS and/or 
ultraviolet-visible (UV-Vis) spectrophotometry [25-28].
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Abstract
In the present study, a cloud point extraction method was used for the preconcentration and extraction of 

cadmium (II) and zinc (II) ions in different environmental samples. The zinc and cadmium ions formed hydrophobic 
complexes with phenanthraquinone monophenyl thiosemicarbazone (PPT). These complexes were extracted 
using Triton X-114 nonionic surfactant. The surfactant-rich phase was diluted with acidified methanol. Then, the 
concentrations of the metal ions were determined by FAAS. The experimental factors controlling the process of 
separation are investigated e.g., pH, complexing agent concentration, surfactant's concentration, temperature, and 
incubation time. The present CPE-FAAS procedure has been used to preconcentrate and determine Cd(II) and 
Zn(II) metal ions in natural water samples, drug samples and certified reference materials. The LODs for cadmium(II) 
and zinc(II) ions were 0.38 and 1.85 μg/L, respectively with a preconcentration factor of 100. The recovery % of the 
extracted Cd(II) and Zn(II), is greater than 90% and the relative standard deviation(RSD,%) is less than 5%.
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In the present work, CPE method has been used for the 
preconcentration of zinc and cadmium after the formation of 
hydrophobic complexes with phenanthraquinone monophenyl 
thiosemicarbazone (PPT). These complexes were simply extracted using 
Triton-X114 nonionic surfactant followed by FAAS determination. 
The analytical conditions for the preconcentration, extraction and 
FAAS determination of the analytes were investigated. The proposed 
combined CPE-FAAS methodology was successfully used for the 
analysis of zinc(II) and cadmium(II) in water, drug and certified 
samples.

Experimental
Instruments

A Perkin-Elmer 2380 air-acetylene atomic absorption spectrometer 
has been used for the determination of Cd(II) and Zn(II) concentrations. 
To measure the pH of sample solutions, a digital pH meter was used

Chemicals

All the chemicals used in the presented study are of analytical-
reagent grade. Double distilled water (DDW) was used through. Zinc 
stock solution (1000 mgL-1) was prepared by dissolving 2.089 g ZnCl2 
in 100 ml of water with the addition of 2 ml of concentrated HCl and 
dilution to 1 L with bidistilled water. Cadmium stock solution (1000 
mgL-1) was prepared by 2.03 g of CdCl2.2.5 H2O in 1 L DDW. Triton 
X-144 was obtained from Sigma. To prepare a 1% (v/v) Triton X-114 
stock solution, 1 mL of Triton X-114 is dispersed in 5 mL ethyl alcohol 
and completed with 100 ml DDW.

Phenanthraquinone monophonyl thiosemicarbazone, PPT was 
synthesized as previously reported [26]. A 10-2 mol. L-1 solution of 
PPT was prepared by dissolving 0.357 gm of phenanthraquinone 
monophenyl thiosemicarbazone (PPT) in 100 ml of acetone.

Analytical procedure

An aliquot of 20 ml of aqueous solution that contains 3 μg mL-1 of 
metal ions, 2 × 10-4 mol. L-1 of PPT and 0.05% (v/v) of Triton X-114 at 
pH 6 was prepared (Scheme 1). This mixture was shaken for 1 minute 
and left to stand for 20 minutes in water bath at 60°C. Centrifugation 
at 3500 rpm for 10 minutes was performed to achieve separation of 
the two phases. Upon cooling in an ice bath for 15 minutes, the 
surfactant-rich phase became viscous and the mother aqueous phase 
was smoothly separated. The micellar phase is dissolved in 0.2 mL of 
acidified methanol and aspirated directly to the flame to determine the 
concentration of the investigated metal ions.

Calibration curves were constructed in the concentration ranges 
0.40-2.0 mg/l and the concentrations of the investigated metal ions 
were determined by FAAS at specified wave lengths for each analyte.

For determination of zinc(II) in pharmaceutical samples, two 
commercial drug samples were selected viz., Vitamax plus and Totavit 
tablets. The samples were brought into solution using the procedure 
previously described in the literature [28].

Results and Discussion
Cloud point extraction (CPE)

Effect of pH: The pH is a very important parameter for both the 
coacervation of the micelles and the complexation of the ligand with the 
metal ions. The influence of pH on analytes extraction was investigated 
by performing a number of CPE experiments and varying the pH of 
sample solution over a wide range (2 -9) using 3 μg mL-1 of Zn(II) and 3 
μg mL-1 of Cd(II) in the presence of 2 × 10-4 molL-1 PPT and 0.05% (v/v) 
Triton X-114. As it can be seen from Figure 1, the maximum recovery 
was achieved at pH 6.

Effect of PPT concentration: The CPE efficiency depends on the 
hydrophobicity of the ligand and the complex formed. So, in order 
to evaluate the role of PPT in CPE of Zn(II) and Cd(II), similar CPE 
experiments were performed by adding different concentrations of 
PPT to a suitable concentration, 3 μg mL-1 of Zn(II), 3 μg mL-1 of Cd(II) 
and 0.05% (v/v) Triton X-114 at pH 6. Figure 2 shows that, at low PPT 
concentration, the recovery of the analytes is low because the amount 
of ligand required for complexation of all the amount of the analytes 
is insufficient. Then, the recovery significantly increases by increasing 
PPT concentration till maximum recovery was attained at 1.5 × 10-4 
mol. L-1 PPT. The recovery of the analytes remains constant upon the 
use of higher concentrations of the chelating agent. So, 2 × 10-4 molL-1 
PPT was selected for the subsequent work.

Effect of triton X-114 concentration: The effect of Triton X-114 
concentration on the extraction efficiency of 3 μg mL-1 of Zn(II) and 3 
μg mL-1 of Cd(II) in the presence of 2 × 10-4 mol L-1 PPT at pH 6 was 
studied in the concentration range of 0.02-0.25% (v/v). In Figure 3, the 
results showed that, at low surfactant concentration the recovery of the 
analytes is poor because there are few surfactant molecules to entrap 
the ligand-metal complexes quantitatively [29]. Then, the recovery 
sharply increases by increasing the concentration of Triton X-114. The 
highest recoveries were obtained with 0.05% (v/v) Triton X-114. By 
increasing the surfactant concentration above 0.1% the recovery starts 
to decrease gradually. 

Effect of temperature and incubation time: Like the other 
parameters, temperature and duration of the CPE procedure seem 
to play significant roles. Raising the incubation temperature above 
the cloud point temperature is an important factor for obtaining 
satisfactory extraction and enhancing CPE efficiency in a reduced 
incubation time. A series of experiments was performed to investigate 
the effect of temperature on the CPE method under the previous 
optimum conditions of pH, PPT concentration and Triton X-114 
concentration over a wide range of temperatures (20-80°C) through 20 
minutes’ incubation time. The data in Figure 4 shows that maximum 
recovery was obtained at range (50-80°C). The enhanced recovery 
at high temperature is related to the dehydration between hydrogen 
bonds that occur by increasing temperature and decrease amount of 
water in surfactant rich phase hence the volume of the phase decrease 
leading to enhancing the recovery. The effect of the incubation time, 
on the other hand, was investigated within the ranges 5-60 min. The 
results, Figure 5, illustrate that an equilibration time of 20 min was 
quite adequate to achieve quantitative extraction of cadmium(II) and 
zinc(II) ions [30].
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Scheme 1: Phenanthraquinone monophenyl thiosemicarbazone (PPT).
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Effect of centrifugation time and rate: For the best efficiency of 
the method, it is required to preconcentrate trace amount of metal 
ions with high sensitivity and in a short time. To test the influence of 
centrifugation time on the method sensitivity, CPE has been carried 
out for a series of experiments, in which an aliquot of 10 ml of aqueous 
solution containing 3 μg mL-1 of Zn(II) and 3 μg mL-1 of Cd(II) in the 

presence of 2 × 10-4 mol. L-1 PPT and 0.05% (v/v) of Triton X-114 at pH 
6 has been incubated at 60°C for 20 minutes and centrifuged at various 
rates (1500-4500 rpm) and for different time periods (5-20 min). The 
best conditions for sample centrifugation were 10 min at 3500 rpm.

Effect of foreign ions: Because of the high selectivity attributed to 
flame atomic absorption spectrometry, the only source of low sample 
recovery must be the preconcentration step. This problem may be 
attributed to the fact that cations may react with ligand and anions 
may form stable complex with metal ions and resulting in a decrease in 
extraction efficiency (Table 1). Therefore studying the effect of foreign 
ions was carried out using 3 μg mL-1 of Zn(II) and 3 μg mL-1 of Cd(II) 
in the presence of an excess amount of PPT (5 × 10-4 mol.L-1). The effect 
of almost foreign ions, even those which formed colored complexes 
with PPT such as Cu+2, Ni+2 and Pb+2, interference could be eliminated.

Analytical characteristics

To evaluate the reproducibility of the method, 20 mL of model 
solution containing metal ions (n=10) was used. The relative standard 
deviation (RSD, %) as precision of the method (RSD, %) was 1.86 and 
3.06%, for Cd(II) and Zn(II), respectively (Table 2). The LODs based on 
three times the SD of the blank for cadmium(II) and zinc(II) ions were 0.38 
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Figure 1: Effect of pH on CPE efficiency of Zn(II) and Cd(II) in the presence of 
2 × 10-4 mol.L-1 PPT and 0.05% (v/v) Triton X-114 at 60°C.
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Figure 2: Effect of the PPT concentration on the recovery of Zn(II) and Cd(II) 
in the presence of 0.05% (v/v) Triton X-114 at pH 6, at 60°C.
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Figure 3: Effect of Triton X-114 concentration on the recovery % of Zn(II) and 
Cd(II) in the presence of 2 × 10-4 mol. L-1 PPT at pH 6 at 60°C.

100

90

80

70

60

50

40

30

20

10

0
20            30             40            50             60            70            80

R
ec

ov
er

y 
%

Temperature, ºC

Zn
Cc

Figure 4: Effect of temperature on CPE Recovery of Zn(II) and Cd (II) in the 
presence of 2 × 10-4 mol.L-1 PPT and 0.05% (v/v) Triton X-114 at pH 6.

0 5 10 15 20 25 30 35 40 45
0

10

20

30

40

50

60

70

80

90

100

Re
co

ve
ry

 %

time (min)

 Zn
 Cd

Figure 5: Effect of incubation time on CPE Recovery of Zn(II) and Cd(II) in the 
presence of 2 × 10-4 mol.L-1 PPT and 0.05% (v/v) Triton X-114 at pH 6 at 60°C.
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and 1.85 μg/L, respectively (n=10). The regression equations and optimum 
concentration ranges for the metal ions are shown in Table 2.

To verify the accuracy and applicability of proposed CPE procedure, 
two reference standard materials (lead-zinc sulphide ore-OCrO (COD 
161-96) and stream sediment SARM 52) were analyzed. The results are 
given in Table 3. There is no significant difference between the results 
obtained by the proposed method and the certified results. The relative 
standard deviation (as a precision) is less than 5%.

Statistical analysis of the results in Table 3 indicate that the 
preconcentrated samples are not subject to any systematic error i.e., 
accurate. 

Applications

Water analysis: Various water samples from different origins (Tap 
water, Nile river and sea water samples) were spiked with different 
amounts of cadmium and zinc and CPE procedures were employed for 
determination of the recovery of the analytes in these water samples, 
Table 4. The results of the present CPE method for Cd(II) and Zn(II) 
are in good comparison with those gained upon using the well-known 
APDC/MIBK solvent extraction method (SE), Table 5. 

Analysis of pharmaceutical samples: Cloud point extraction 
followed by FAAS determination was applied to determine zinc 
in some commercial zinc containing pharmaceutical samples. The 
experimental results agreed well with the given reported values, Table 6.

Application to synthetic mixtures: An aliquot of 10 ml of aqueous 
sample solution containing different compositions of foreign metal ions 
(Co(II), Ni(II), Hg(II) and Bi(III), Cr(III) and Pb(II), different amounts of 
the analytes, 2 × 10-4 mol L-1 of PPT and 0.05% (v/v) of Triton X-114 at pH 

6. The CPE procedures were performed under the previously mentioned 
optimum conditions and the recovery of the analytes were determined. The 
results obtained in Table 7 shows high extraction recovery of the analytes 
from samples containing different synthetic mixtures.

Foreign ion Concentration (mg. L-1)
Recovery %

Zn(II) Cd(II)
Hg+2 20 100 96.9
Ni+2 10 100 97.7
Co+2 20 97.9 98.4
Cr+3 5 98.9 99.3
Fe+3 10 99.8 98.5
Cu+2 10 98.2 97.6
Pb+2 10 99.7 99.2
Ba+2 20 99.8 98.4
Mn+2 20 100 96.8
Bi+3 20 100 97.3
Al+3 20 100 98.1
Na+ 230 98.8 97.9
SO4

- 480 99.5 99.8
Cl- 177.5 97.9 99.6

NO2
- 230 98.7 97.8

NO3
- 310 98.1 100

CO3
-- 300 97.2 96.8

C2O4
-- 440 97.9 100

CH3COO- 295 98.8 98.5

Table 1: Effect of interfering ion on the recovery of Zn(II) and Cd(II) in the presence 
of 2 × 10-4 PPT and 0.05 % (v/v) Triton X-114 (n=5).

Analyte Correlation 
coefficient

Linear range, 
mg/L

Regression 
equationa RSD, %

Cd 0.9997 0.40–1.50 A=0.0471C 1.86
Zn 0.9999 0.50–2.00 A=0.0367C–0.00049 3.06

aA=Absorbance, C=concentration
Table 2: Analytical characteristics of the calibration curves of the analytes.

Element Ore No. Cd2+ Zn2+

No. 1a

(X ), ppm 0.950 120
± 0.001 ± 1.70

µ, ppm 0.950 122.0
S 0.02 2.4

1t 0.00 1.86

RSD 2.1 1.75
No. 2b

(X ), ppm ND 1.25
± 0.05

µ, ppm - 1.320
S - 0.06

1t - 2.50

RSD - 4.30
a Lead-zinc sulfide ore-OCrO (COD 161-96); b Stream sediment SARM 52. (
X ): experimental value, (µ) true value; 1t : for P=0. 05 and n=5 (4 degree of 
freedom)=2.78, from Ref. [29]. RSD; %: Relative standard deviation.
Table 3: Statistical evaluation for analysis of some certified reference samples after 
CPE (n=5). Comparison of experimental mean (X ) with true value (µ) by 1t test

Water sample Cd(II) added (μg/
ml)

Zn(II) added (μg/
ml)

Recovery %
Zn(II) Cd(II)

Tap water
(Our laboratory)

5.00 5.00 98.9 99.1
10.00 10.00 98.8 99.7

Nile water
(Mansoura city)

5.00 5.00 99.3 98.5
10.00 10.00 99.7 99.3

Sea water
(Ras El-Barr city)

5.00 5.00 98.7 99.5
10.00 10.00 98.6 98.6

Table 4: Recovery of Cd(II) and Zn(II) in different water samples (n=5).

Sample

Cloud point extraction 
(PE) Solvent extraction (SE)

Cd(II),
µgl-1

Zn(II),
µgl-1

RSDs, 
%

Cd(II),
µgl-1

Zn(II),
µgl-1 RSDs,%

Tap water
(Our Lab Mansoura 

City)
0.30 185 1.0-5.0 0.32 186.0 2.0-3.9

Waste water
(Meat Anter, Talkha) 0.6 80 2.0-4.0 0.62 82.0 1.2-4.0

Nile River water
(Sherbin City) 0.13 26 1.5-4.8 0.14 25.5 1.5-4.5

Lake water
(Manzalah) 0.15 158 1.0-5.0 0.16 160 2.0-4.5

Sea water
(Ras Elbar city) 0.12 30.0 2.0-4.0 0.11 31.5 1.0-5.0

Table 5: Determination of Cd(II) and Zn(II) in µgl-1 in natural water samples by 
the present cloud point extraction (CPE) and the standard APDC/MIBK solvent 
extraction methods (SE) (n=5 for both methods).

Sample (X ) µ S 1t RSD, %

No. 1a 14.95 15.0 0.05 1.5 4.2
No. 2b 15.02 15.0 0.02 1.95 2.8.

aVitamax plus (Galxo Welcome Egypt) capsule; bTotavit (Egyphar) tablet. (X ): 
experimental value, (µ) true value. For P=0.05 and n=5 (4 degree of freedom)=2.78, 
from Ref. [29]. RSD, %: Relative standard deviation.
Table 6: Statistical evaluation for analysis of some pharmaceutical vitamin samples 
after CPE (n=5). Comparison of experimental mean (X ), mg/capsule with true 
value (), by 1t test.
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Conclusion
In the present study, a simple, low cost and reliable combined 

cloud point extraction-FAAS methodology using the Triton-X114 
nonionic surfactant has been used successfully for the determination 
of cadmium and zinc in water, vitamin and certified samples. The 
analytical characteristics of the proposed procedure (LOD, Recovery, % 
and RSD, %) are obtained. The limit of detection of cadmium and zinc 
gained is in good comparison or superior to the cloud point procedures 
reported in literature. Two certified reference materials were used to 
verify the accuracy of the proposed method.
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Synthetic mixtures composition (μg/ml) Zn(II) added (μg/
ml)

Zn(II) found (μg/
ml)

RSD
 %

Cd(II)
added (μg/ml)

Cd(II) found (μg/
ml)

RSD,
%

Co+2 (5 μg/ml)+Ni+2 (5 μg/ml)
2.00 2.97 0.81 2.00 2.94 0.88
5.00 4.96 1.25 5.00 4.89 1.11

Hg+2 (5 μg/ml)+Pb+2 (5 μg/ml)
3.00 2.87 0.48 3.00 2.93 0.37
5.00 4.94 1.03 5.00 4.87 0.67

Co+2 (3 μg/ml)+Ni+2 (3 μg/ml)+Cr+3 (3 μg/ml)
3.00 2.91 0.41 3.00 2.97 1.34
5.00 4.95 0.70 5.00 4.90 1.08

Hg+2 (3 μg/ml)+Pb+2 (3 μg/ml)+Bi+3 (3 μg/ml)
3.00 2.92 1.05 3.00 2.87 0.93
5.00 4.89 1.27 5.00 4.90 0.58

Table 7: Cloud point extraction of Cd(II) and Zn(II) from synthetic mixtures (n=3).
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