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Introduction

Heavy metals in the environment are really increasing due to
human activity, particularly mining process and heavy industry in
the developing world. is has caused great accumulation of high
concentrations of toxic heavy metals in natural waters [1].

Monitoring the presence of toxic trace metals in di erent 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 classi ed as a rampant toxic element with
biological half-life time in the range of 10-30 years [2]. e maximum
allowable concentration of cadmium permitted by the American
Environmental Protection Agency (US EPA) in standard drinking
water is 10 pg L%

Zinc is considered as an essential micro-nutrient that has many
biochemical functions in all living organisms [3]. De ciency of zinc can
lead to many disorders such as growth retardation, diarrhea, ine cient
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 di cult 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 e cient, 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
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E ect of centrifugation time and rate: For the best e ciency of
the method, it is required to preconcentrate trace amount of metal
ions with high sensitivity and in a short time. To test the in uence 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 ug mL* of Zn(11) and 3 pg mL* of Cd(Il) in the

presence of 2 x 10 mol. Lt 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 di erent time periods (5-20 min). e
best conditions for sample centrifugation were 10 min at 3500 rpm.

E ect of foreign ions: Because of the high selectivity attributed to
ame atomic absorption spectrometry, the only source of low sample
recovery must be the preconcentration step. is 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 e ciency (Table 1).  erefore studying the e ect of foreign
ions was carried out using 3 ug mL* of Zn(Il) and 3 pg mL* of Cd(Il)
in the presence of an excess amount of PPT (5 x 10# mol.L?). ee ect
of almost foreign ions, even those which formed colored complexes
with PPT such as Cu*?, Ni*2 and Pb*?, interference could be eliminated.

Analytical characteristics

To evaluate the reproducibility of the method, 20 mL of model
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and 1.85 pg/L, respectively (n=10). e 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. e results are
given in Table 3.  ere is no signi cant di erence between the results
obtained by the proposed method and the certi ed results. e 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 di erent origins (Tap
water, Nile river and sea water samples) were spiked with di erent
amounts of cadmium and zinc and CPE procedures were employed for
determination of the recovery of the analytes in these water samples,
Table 4. e results of the present CPE method for Cd(I1) and Zn(Il)
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. e
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 di erent compositions of foreign metal ions
(Co(I1), Ni(11), Hg(11) and Bi(I11), Cr(111) and Pb(Il), di erent amounts of
the analytes, 2 x 10 mol L of PPT and 0.05% (v/v) of Triton X-114 at pH

6. e CPE procedures were performed under the previously mentioned
optimum conditions and the recovery of the analytes were determined. e
results obtained in Table 7 shows high extraction recovery of the analytes
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