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Abstract

A new micelle-mediated phase separation of metal ions to preconcentrate trace levels of lead as a prior step to its
determination by flame atomic spectroscopy has been developed. The methodology is based on the cloud point
extraction of lead with PONPE 7.5 in the absence of chelating agent. The chemical variables affecting the sensitivity
of the extractive-spectrometric procedure were evaluated in detail, optimised and successfully applied to the
determination of lead in saliva samples. Under the optimal conditions, a %E higher than 99.9 was achieved. The
proposed method showed linear calibration within the range: 0.6–4 mg ml−1 Pb(II). The sensitivity was 0.053 mg
ml−1. The method has been applied to the determination of lead in human saliva. The nature of the extracting species
as well as the location of lead in the micelle were studied. The analytical performance of the proposed method clearly
satisfies the typical requirements for control processes. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

In the last decade, an increasing interest is
shown all over the world in developing surfactant-
based methods in all fields of analytical chemistry.
Aqueous micellar solutions have been used,
among other fields, in spectroscopy, electroanalyt-
ical and separation science [1–6].

Aqueous solutions of many non-ionic surfac-
tant micellar systems, become turbid over a nar-
row temperature range, when the experimental
conditions have been changed. This temperature
is named ‘cloud point temperature’. Above the
cloud point, the solution separates into two
phases: one, very small in volume, the surfactant-
rich phase; and the other, the bulk aqueous solu-
tion containing surfactant monomers. Cloud
point preconcentrations can also be done with
methylated hydroxy-propylcyclodextrin [7], which
behaves like a nonionic surfactant.
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The use of micellar systems as an alternative to
other techniques of separation offers several ad-
vantages including low cost, safety and high ca-
pacity to concentrate a wide variety of analytes of
widely varying nature with high recoveries and
very high concentration factors. From an analyti-
cal point of view, the surfactant-rich phase can be
used to separate and/or preconcentrate different
analytes before their injection into any hydrody-
namic analytical system.

Among other reported applications, the cloud
point extraction (CPE) has been used to precon-
centrate metals [8–18] based on the formation of
chelates in the surfactant aggregate. Nevertheless,
we have demonstrated quantitative extraction of
lead in the absence of chelating reagent.

Heavy metal pollution is and will be a public
health problem [19]. Lead, which produces several
diseases, is one of the most important and widely
distributed pollutant in the environment. Workers
occupationally exposed to lead show extremely
high levels of lead in sweat and saliva, even
though their lead in blood is moderately elevated.
The lead levels in saliva are closely related to
recent lead exposure [19,20], since circulating
chemicals can be transported into the salivary
glands and reflected in saliva. Salivary monitoring
can be used for detection of environmental pollu-
tants [21] (atmospheric or occupational), drugs
abuse, local and systemic diseases, and can
provide valuable information in diagnostics, treat-
ment and forensic investigation. It is expected that
saliva testing could play an important role in the
arsenal of environmental scientists over the next
years [22,23].

Atomic absorption spectroscopy (AAS) has
greatly facilitated the quantification of trace ele-
ments in biological materials [24]. In the present
work we have developed and optimised a power-
ful CPE-AAS combined methodology for Pb(II)
determination, which shows excellent and rapid
preconcentration. Adding lead to normal human
saliva validated the analytical performance of the
procedure. The present paper represents a new
contribution not only in the field of mediated-
phase separations but also in the field of sialo-
chemistry, related to non-invasive techniques of
sampling.

2. Experimental

2.1. Reagents

A total of 1 mg ml−1 standard solution of
Pb(II) was prepared from acidic dissolution of its
nitrate of analytical grade purity (Hopkin and
Williams, Chadwell Heath, Essex, England).
Stock solutions were standardised by a chelato-
metric method [25].

As it is not possible to obtain a real aqueous
solution of the surfactant PONPE 7.5
(polyethyleneglycolmono - p - nonylphenylether,
Tokyo Kasei Industries, Chuo-Ku, Tokyo, Japan)
since the cloud point of its micellar solution is
markedly below room temperature, it was experi-
mentally convenient to prepare a mother solution
(solution A) as follows: 10 ml PONPE 7.5; 10 ml
NaClO4 (Merck, Darmstadt, Germany) (1 mol
l−1), and 40 ml distilled ethanol, and made up to
100 ml with bidistilled water. In this way, ionic
strength was adjusted to 0.01 mol l−1 and ade-
quate cloud point temperature (higher than 293
K) and accurate surfactant concentration (0.01%)
could be reached. Under these conditions an opti-
mal preconcentration factor was obtained.

2.1.1. Buffer solution
A total of 1×10−2 mol l−1 sodium tetraborate

(Mallinckrodt Chemical Works, New York, Los
Angeles, St. Louis, USA) solution was prepared.
This solution was titrated to the desired pH, with
aqueous HClO4 (Merck, Darmstadt, Germany) or
NaOH (Mallinckrodt Chemical Works, New
York, Los Angeles, St. Louis, USA) using a com-
bination glass electrode and a pH meter (Orion
Expandable Ion Analyzer, Orion Research, Cam-
bridge, MA, USA) Model EA 940.

2.2. Apparatus

An Instrumentation Laboratory Model 751
Atomic-Absorption Spectrometer, equipped with
deuterium continuum background correction and
a lead hollow-cathode lamp as the radiation
source were used. The experimental conditions
were adjusted according to the manufacturer’s
recommendations.
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The ICP measures were made with a sequential
inductively coupled plasma spectrometer (Baird
ICP 2070, Baird, Bedford, MA, USA).

A centrifuge was used to accelerate the phase
separation process.

2.3. Recommended procedure: CPE and AAS
determination

Metal ion aliquot [0.6–4 mg ml−1 Pb(II)], 0,8
ml buffer borax solution 1×10−2 mol l−1 (pH=
8.5) and 1 ml of solution A, were placed in a
graduated centrifuge tube. The whole mixture was
diluted to 10 g with bidistilled water. The solution
prepared was kept at 363 K for 10 min for
equilibration and then centrifuged for 5 min at
3500 rpm. After being cooled at 255 K for 5 min
the surfactant phase which had separated became
a viscous gel and the aqueous phase could be
poured off. The surfactant phase in the tube was
then made up to 1 ml by adding 0.1 mol l−1

HNO3 in ethanol. The diluted surfactant-rich
phase was introduced into the flame and measure-
ments were performed at l=217.0 nm (slit-width
0.5 nm) against a blank of reagents.

2.4. Sali6a collection

In order to minimise the possibility of contami-
nation with food debris or cigarette and airborne
particles, the subjects were asked to thoroughly
rinse their mouths three times, first with 1.5%
citric acid solution (a salivation stimulant) and
then twice with bidistilled deionized water. Hu-
man saliva samples were collected between 8 and
10 h to reduce possible circadian contributions
into Pb-free polystyrene test tube, and the speci-
men frozen.

2.5. Sample procedure

Eight millilitres of spiked human saliva, 1 ml
buffer borax solution 1.5×10−2 mol l−1 (pH=
8.5) and 1 ml of solution A, were placed in a
graduated centrifuge tube. The CPE procedure
was carried out in the same way described for the
general procedure. The spectrometer measurement
was made against a blank reagent prepared with 8
ml of saliva.

3. Results and discussion

3.1. Surfactant selection: extracti6e properties of
PONPE 7.5

Several non-ionic surfactant were tested: TX-
100 (Merck, Darmstadt, Germany); TX-405
(Fluka, Sweden); Igepal CO 720 (Aldrich Chemi-
cal Company, Milwaukee, USA) and Tween 80
(Sigma Chemical, Saint Louis, USA). On one
hand, the obtained results never showed quantita-
tive extraction [extraction efficiencies (%E) lower
than 30%]. On the other, the main experimental
difficulty to overcome when working with these
extracting agents is their high critical point (above
70°C) with the consequent loss of extraction effi-
ciency during the centrifugation/phase separation
step.

When working with PONPE 7.5, an extraction
efficiency higher than 99.9% was obtained. A
possible explanation of the extracting behaviour
of this micellar system, successfully used as ex-
tracting surfactant of metals chelates [11,12,26], is
the existence of microscopically ordered structures
in the surfactant-rich phase, such as liquid crys-
tals, which can distinguish slight differences in
molecular size, shape and structural factors
[15,26]. The cloud point of the studied system
with PONPE 7.5 is near room temperature, offer-
ing advantages in terms of the experimental pro-
cedure. Fig. 1 shows the variation of the cloud
point with the surfactant concentration for the
system, PONPE 7.5–Pb(II)–ethanol–buffer–wa-
ter. The phase separation temperature was deter-
mined by measuring temperatures required for
clarification (Curve I) of the studied system, while
Curve II was obtained observing the onset of
turbidity upon heating.

3.2. Effect of experimental 6ariables on CPE
parameters and optimisation of system

3.2.1. Effect of ethanol
The presence of ethanol prior to extraction step

produces an adequate increase on the cloud point
temperature of the system. Besides, the precon-
centration factor ( f=6w/6s, where 6w represents
the volume of aqueous phase and 6s the volume of
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surfactant rich phase) is influenced by the ethanol
concentration prior to CPE step. The optimal
preconcentration factor was achieved with ethanol
concentration above 4% (v/v).

3.3. Selection of the dilution agent for the
surfactant-rich phase

Different solvents for the surfactant-rich phase
were tried so as to select the one producing the
optimal results regarding sensitivity. The very
high viscosity of the surfactant rich phase (20 cP
approximately) was drastically decreased with a
diluting agent: the best results were shown for 0.1
mol l−1 HNO3 (Merck, Darmstadt, Germany) in
ethanol. In that way, the CPE fractions may be
appropriately manipulated and aspirated into the
flame. A 6-fold increase (Signal Enhancement
Factor, SEF) in the analyte signal was observed
following the CPE of Pb(II) under the optimal
experimental conditions. SEF is defined as the
relationship of absorbance of preconcentrated
samples to that obtained for an aqueous solution.

Fig. 2. Effect of buffer concentration. Conditions: CPONPE

7.5=1% (w/w); Csodium tetraborate=0–2.5×10−3 mol l−1,
Cethanol=4% (v/v), CPb(II)=1.16×10−5 mol l−1, m=0.01
mol l−1. Equilibration time=10 min, equilibration tempera-
ture=363 K.

Fig. 1. Effect of surfactant concentration on cloud point
temperature. Conditions: CPONPE 7.5=0.1–5% (w/w); Csodium

tetraborate=1.5×10−3 mol l−1 (pH=8.5); Cethanol=4% (v/
v), CPb(II)=1.12×10−5 mol l−1; m=0.01 mol l−1. L: one
isotropic phase. Curve I, measuring temperatures required for
clarification. Curve II, observing the onset of turbidity upon
heating.

3.3.1. Effect of buffer concentration and ionic
strength

Among the several buffer agents tested, the best
results regarding stability, preconcentration factor
and kinetics of phase separation, were shown by
sodium tetraborate. The influence of buffer con-
centration prior to CPE was investigated. The
results are shown in Fig. 2. Sodium tetraborate
1.5×10−3 mol l−1 was chosen as optimal.

Ionic strength has no considerable effect upon
the magnitude of extraction and sensitivity within
the interval: m=0.005–1 mol l−1. Thus, ionic
strength was kept constant at 0.01 mol l−1 with
sodium perchlorate.

3.3.2. Effect of pH
Trials were carried out in order to locate the

optimal pH range for the quantitative lead extrac-
tion. Each operational desired pH value was ob-
tained by the addition of HClO4 (Merck,
Darmstadt, Germany) (d) and/or NaOH(d), in the
absence of the buffer agent. The results are shown
in Fig. 3. As can be seen, the extraction begins at
pH=4.2 and starts to decrease at pH=10 offer-
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ing a relatively wide range for quantitative extrac-
tion. It has to be pointed out that a higher
sensitivity was achieved when the preconcentra-
tion step was carried out with a buffered initial
solution.

3.3.3. Effect of surfactant concentration
The variation on extraction efficiency was stud-

ied within the surfactant concentration range:
0.1–2.0% (w/w). Metal concentration was kept
constant at 2 mg ml−1 Pb(II). Quantitative extrac-
tion was observed for the whole concentration
interval. One percent (w/w) was chosen in order
to achieve a good preconcentration factor.

3.3.4. Effects of equilibration temperature and
time

The greatest analyte preconcentration factor is
reached when the CPE process is conducted with
equilibration temperatures well above the cloud
point temperature of the system [11,27]. It was
observed that the volume of the surfactant-rich
phase of PONPE 7.5 decreased by a factor of :5
when the temperature was increased from 298 to
363 K working at a surfactant concentration of
1% (w/w).

The dependence of extraction efficiency upon
equilibration time was studied within a range of
2–40 min. An equilibration time of 10 min was
chosen as the best solution to achieve quantitative
extraction and experimental convenience.

3.3.5. Effect of centrifugation time
The effect of centrifugation time upon extrac-

tion efficiency was studied for the range: 1–15
min. Complete phase separation was achieved for
times longer than 3 min. A centrifuge time of 5
min was selected as optimum since no appreciable
improvements were observed for longer times.

3.3.6. Outstanding features of the extraction
process

The following factors were considered with the
aim to establish the nature of extracting species
and the location of lead in the micelle: the nature
of the amphiphilc media; lead distribution equi-
libria [28] and the results obtained after the evalu-
ation of the parameters affecting the process.
PONPE 7.5 forms a cationic complex with
[Pb(OH)]+ through their polyoxyethylene groups
[17,29].

In order to study the influence of the Cmetal/
Csurfactant ratio upon the extraction efficiency, the
mentioned ratio was varied within the interval:
0.0–7×10−4. Other experimental parameters
were kept constant. The flame atomic analyte
signal was measured for the surfactant-rich phase
following the recommended procedure (Fig. 4).
Our data were validated by measuring the resul-
tant aqueous phase by ICP-AES, the results being
highly satisfactory.

The micelle concentration, CM, can be calcu-
lated by dividing the concentration of micellized
surfactant, CD, by the average aggregation num-
ber, N (number of surfactant molecules per mi-
celle aggregate) [17]. CD can be defined as:

CD=CT−cmc

where CT is the total surfactant concentration and
cmc is the critical micelle concentration.

The cmc of PONPE 7.5 is 8.5×10−5 mol l−1,
and N is 100. From the results shown in Fig. 4,
we concluded that a maximum amount of 60
metal ions can be associated /bound to each mi-
cellar entity.

Fig. 3. Effect of pH. CPONPE 7.5=1% (w/w), Cethanol=4%
(v/v), CPb(II)=1.16×10−5 mol l−1, m=0.01 mol l−1. Equili-
bration time=10 min, equilibration temperature=363 K.
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Fig. 4. Influence of the Cmetal/Csurfactant ratio upon the extrac-
tion efficiency. Cethanol=4% (v/v), m=0.01 mol l−1. Equili-
bration time, 10 min, equilibration temperature, 363 K.

of lead, as well as the results of the data treatment
by linear least-squares method. A %E higher than
99.9 and a preconcetration factor ( f ) of :67
were achieved.

The dependence of absorbance on metal con-
centration was linear within a range of CPb(II)=
0.6–4.1 mg l−1.

3.4. Analysis of samples

In order to validate the developed methodol-
ogy, the procedure was applied to determine lead
in human saliva samples spiked with different lead
levels. The CPE procedure was practised in saliva
samples without previous treatment. Table 2
shows the obtained results.

3.5. Analytical performance

The analytical performance of the developed
procedure clearly indicates that the method sa-
tisfies the typical requirements for control pro-
cesses [19–23] and is superior to the existing
analytical methodologies in terms of sensitivity
(six times higher than standard FAAS methodol-
ogy), cost and simplicity. Besides, no analytical
signal was observed when the recommended
CPE–AAS procedure was developed for Cd(II).
The latter indicates a potential selectivity of the
proposed method.

It has to be pointed out that, to date, no CPE
of chelated lead has been reported in literature.
Our own studies in this field working with pyridy-
lazo dyes as lead chelating agents

Table 1
Experimental conditions for the CPE–AAS determination of
lead

Equilibration 363 K
temperature
Equilibration time 10 min
Centrifugation time 5 min
Cooling time 5 min

8.50Working pH
Sodium tetraborate 1.5×10−3 molBuffer solution
l−1

Surfactant PONPE 7.5 (1% w/w)
Working wavelength 217 nm

0.5Slit width
%E \99.9%a

Beer’s lawb

Sensitivity 1.72×1049436 l mol−1 cm−1

S.D. 0.00722 (n=9)
R 0.99777

a Sucessive extraction method.
b Beer’s law, l=283 nm: sensitivity=8.8×103 l mol−1

cm−1, S.D.=0.00910 (n=9), R=0.99211.

Table 2
Analysis of lead in spiked human saliva samples (according to
[19] levels)

Pb(II) addedSample Pb(II) founda S.D.b %REc

0.621 mg ml−1 0.608 mg ml−1I 0.0043 1.96
1.880.00571.016 mg ml−1II 1.036 mg ml−1

2.072 mg ml−1 2.043 mg ml−1 0.012III 1.37

a n=6.
b Standard deviation.
c Relative percentage error.

3.3.7. Combined CPE–AAS methodology for
Pb(II) determination

Table 1 summarises the optimal experimental
conditions for the preconcentration-determination
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4. Conclusions

A novel non-polluting procedure for the enrich-
ment of metal traces has been developed and
optimised. The extent of extraction is markedly
influenced by the presence of additives, pH, time
and temperature equilibration.

The results demonstrate the usefulness of this
new type of micelle-mediated extraction to quanti-
tatively extract and preconcentrate metal ions in
the absence of chelating agent. It has to be
pointed out that this micellar comportment has
not been previously reported. This approach
could serve as basis for future analytical applica-
tions of CPE of unchelated metals, as well as
basic physical–chemical studies due to the sim-
plicity of this micellar system.

At present, a project is being undertaken in our
laboratory to access further solid, experiments-
backed explanation of the observed behaviour.
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ción de Vestigios Metálicos, Doctoral Thesis, 1998, Uni-
versidad Nacional de San Luis.

[19] A.Y.S. P’an, J. Toxicol. Environ. Health 7 (1981) 273.
[20] J. Brodeur, Y. Lacasse, D. Talbot, Toxicol. Lett. 1–2

(1983) 195.
[21] M. Gonzalez, J.A. Banderas, A. Baez, R. Belmont, Toxi-

col. Lett. 93 (1997) 55–64.
[22] E.J. Cone, Ann. N.Y. Acad. Sci. 694 (1993) 91.
[23] A. Aguirre, L.A. Testa-Weintraub, J.A. Banderas, G.G.

Haraszthy, M.S. Reddy, M.J. Levine, Crit. Rev. Orl Biol.
Med. 4 (1993) 343.

[24] F.J. Langmyhr, B. Eyde, Anal. Chim. Acta 107 (1979)
211.

[25] A. Flaschka, EDTA Titrations — An Introduction to
Theory and Practice, second ed., Pergamon Press, Lon-
don, 1967.

[26] H. Watanabe, T. Saitoh, T. Kamidate, H. Haraguchi,
Mikrochim. Acta 106 (1992) 83.

[27] P. Frankewich, W.L. Hinze, Anal. Chem. 66 (1994) 944.
[28] J. Inczedy, Analytical Applications of Complex Equi-

libria, Ellis Horwood, John Wiley and sons, Hungary,
1976.

[29] T. Suzuki, N. Murakami, T. Sotobayashi, Bull. Chem.
Soc. Jpn. 53 (1980) 1453.

.


